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B-cell lymphoma 2 (Bcl-2) is an important regulator of cellular plasticity and resilience. In bipolar disorder (BD), studies have shown a key

role for a Bcl-2 gene single-nucleotide polymorphism (SNP) rs956572 in the regulation of intracellular calcium (Ca2þ ) dynamics, Bcl-2

expression/levels, and vulnerability to cellular apoptosis. At the same time, Bcl-2 decreases glutamate (Glu) toxicity in neural cells.

Abnormalities in Glu function have been implicated in BD. In magnetic resonance spectroscopy (MRS) studies, anterior cingulated cortex

(ACC) Glu levels have been reported to be increased in bipolar depression and mania, but no study specifically evaluated ACC Glu levels

in BD-euthymia. Here, we compared ACC Glu levels in BD-euthymia compared with healthy subjects using 1H-MRS and also evaluated

the selective role of the rs956572 Bcl-2 SNP in modulating ACC Glu and Glx (sum of Glu and glutamine) in euthymic-BD. Forty

euthymic subjects with BD type I and forty healthy controls aged 18–40 were evaluated. All participants were genotyped for Bcl-2

rs956572 and underwent a 3-Tesla brain magnetic resonance imaging examination including the acquisition of an in vivo PRESS single

voxel (2 cm3) 1H-MRS sequence to obtain metabolite levels from the ACC. Euthymic-BD subjects had higher Glu/Cre (creatine) and

Glx/Cre compared with healthy controls. The Bcl-2 SNP AA genotype was associated with elevated ACC Glu/Cre and Glx/Cre ratio in

the BD group but not in controls. The present study reports for the first time an increase in ACC Glu/Cre and Glx/Cre ratios in BD-

euthymia. Also, Bcl-2 AA genotype, previously associated with lower Bcl-2 expression and increase intracellular Ca2þ , showed to be

associated with increased ACC Glu and Glx levels in euthymic-BD subjects. The present findings reinforce a key role for glutamatergic

system dysfunction in the pathophysiology of BD, potentially involving modulatory effects by Bcl-2 in the ACC.
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INTRODUCTION

Bipolar disorder (BD) has been consistently associated with
glutamatergic system abnormalities (Machado-Vieira et al,
2009a; Manji 2008). Glutamate (Glu) is released into the
synaptic cleft, taken up by glial cells, converted to glutamine

(Gln), and cycled back to neurons. Gln/Glu ratios may
represent a marker of glutamatergic synapse integrity and
neuronal–glial coupling in the tripartite glutamatergic
synapse (Machado-Vieira 2009b). Glu excess is known to
lead to excitotoxicity and apoptosis (Hashimoto et al, 2002),
associated with increased intracellular calcium (Caþ 2)
levels and generation of mitochondrial reactive species
(Kumar et al, 2010).

The evidence about Glu abnormalities in patients with BD
comes from several different angles, including peripheral
biomarkers, postmortem, genetic, treatment, as well as
magnetic resonance spectroscopy (MRS) imaging studies
(reviewed in Zarate et al, 2010). For example, glutamatergic
abnormalities have been reported in plasma (Kim et al,
1982; Altamura et al, 1993; Mauri et al, 1998), serum (Mitani
et al, 2006), cerebral spinal fluid (CSF) (Levine et al, 2000;
Frye et al, 2007), and brain tissue (Francis et al, 1989;
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Eastwood and Harrison, 2010) of individuals afflicted with
BD, as well as unipolar depression. A recent postmortem
study specifically controlling for the effects of postmortem
interval found increased levels of Glu in the frontal cortex of
patients with BD and unipolar depression (Hashimoto
et al, 2007; Lan et al, 2009). Postmortem studies have also
reported decreased NR1 and NR2A transcripts, and suggest
a decrease in the total number of NMDA receptors, as well
as a decrease in the number of open ion channels in BD
(Scarr et al, 2003; Beneyto et al, 2007; Beneyto and Meador-
Woodruff, 2008). Pharmacological studies reinforce the
association between BD and the glutamatergic system by
reporting that first line agents to treat BD, such as lithium,
valproate, carbamazepine, and lamotrigine, also modulate
the glutamatergic system (Yatham et al, 2009). In view of
the evidence that excessive synaptic Glu may contribute
to neuronal atrophy and loss, it is notable that chronic
treatment with lithium has been shown to upregulate
synaptosomal uptake of Glu in mice (Hokin et al, 1996).
Chronic administration of VPA led to a dose-dependent
increase in hippocampal Glu uptake capacity, as measured
by uptake of [3H] Glu into proteoliposomes, by increasing
the levels of the Glu transporters EAAT1 and EAAT2 in
hippocampus. Overall, chronic treatment with VPA or
lithium is likely to decrease intrasynaptic Glu levels through
a variety of mechanisms. Of all the medications currently
used in the treatment of BD, lamotrigine probably has the
most direct effects on the Glu system. There is evidence that
it inhibits the release of Glu in the hippocampus of rats
(Ahmad et al, 2005) and that it increases AMPA subunit
receptor expression (Du et al, 2007). Moreover, glutamatergic
abnormalities in BD have been also detected through the use
of MRS; MRS studies report higher Glu and Glx (GluþGln)
levels in different brain regions across depression and mania
in patients with BD (Yüksel and Ongur, 2010). Preliminary
studies done in patients in euthymia show elevation of Glx
and Glu in hippocampus, orbitofrontal cortex, and occipital
cortex (Bhagwagar et al, 2007; Colla et al, 2009; Senaratne et al,
2009) but no study has specifically evaluated anterior cingulate
cortex (ACC) Glu-related metabolites. The ACC is a key region
implicated in mood regulation (Drevets, 2000; Phillips et al,
2003) and it shows extensive functional and structural abnor-
malities in patients with BDs, which are also present during
periods of euthymia, suggesting that ACC dysfunction might
represent a possible trait marker of BD (Liu et al, 2012;
Foland-Ross et al, 2011). Therefore, we hypothesized that ACC
glutamatergic abnormalities would also be present in eu-
thymic-BD patients compared with healthy control subjects.

Recent evidence suggests that antiapoptotic protein B-cell
lymphoma 2 (Bcl-2) might be an important modulator of
glutamatergic functioning (Machado-Vieira et al, 2011);
Bcl-2 regulates diverse neurobiological processes such
as neurogenesis, morphogenesis, and synaptic plasticity
(Machado-Vieira et al, 2011) by conferring increased cell
survival by blocking proapoptotic family members like Bax
and BH3 proteins(Chao and Korsmeyer, 1998). Bcl-2 pro-
tein has two main protective functions; first it regulates
Ca2þ release from the endoplasmatic reticulum by directly
interacting with the inositol 1,4,5-triphosphate receptor
(Chen et al, 2004). Second, it acts as a sensor for the redox
status of mitochondria by detecting and regulating the mito-
chondrial glutathione pool (Zimmermann et al, 2007).

Evidences have shown that Bcl-2 protects neural cells from
glutamatergic insults, which are thought to lead to cell death,
neuropil reshaping, and subsequent abnormalities in brain
volume. It has been reported that Bcl-2 expression could be
an important factor promoting neuronal survival after
increased exposure to Glu. An increase in Bcl-2 expression
has been also reported to protect cells against the deleterious
effect of Glu toxicity in neural cells (Zhong et al, 1993). On
the other hand, Bcl-2 gene expression was shown to signifi-
cantly decrease after Glu exposure, associated with an increase
in intracellular neuronal Ca2þ and oxidative stress levels
(Machado-Vieira et al, 2009a; Kumar et al, 2010; Manji, 2008).
It was described a significant decrease in Bcl-2 protein and
mRNA expression in the frontal cortex of subjects with BD
(Machado-Vieira et al 2009b; Kim et al, 2010). Recently, the
Bcl-2 single-nucleotide polymorphism (SNP) (rs956572 variant
AA) was reported to increase basal and stimulated cytosolic
Ca2þ levels in lymphoblasts from BD subjects, associated with
a significant reduction in Bcl-2 levels and mRNA expression
in this variant (Hashimoto et al, 2002; Machado-Vieira et al,
2011). However, the interplay between the glutamatergic
system and Bcl-2 function in BD is not fully understood.

The present study investigates the potential role for ACC
glutamatergic-related metabolites (ie, Glu and Glx) in BD-
euthymia as compared with healthy control subjects. We
hypothesize that glutamatergic metabolites (Glu and Glx)
are increased during BD-euthymia. We also investigated
whether the Bcl-2 rs956572 SNP, known to modulate Bcl-2
levels and which has been implicated in BD, modulates ACC
glutamatergic metabolites. We hypothesize that BD-euthy-
mic subjects AA carriers would display higher Glu levels in
the ACC compared with other genotypes.

MATERIALS AND METHODS

Forty euthymic-BD I subjects (26F) aged 18–40 years old
were included in the study. Diagnoses were determined by
trained psychiatrists based on the Structured Clinical
Interview (SCID-I/P) (Frye et al, 2007; First et al, 1996;
Ongur et al, 2008) for DSM-IV TR (Bhagwagar et al, 2007;
DSM-IV, 2000; Colla et al, 2009; Senaratne et al, 2009).
Subjects had been on stable medication regimen for at least
2 months before the scanning session. Subjects with neuro-
logical disorders or medical disorders, head trauma, current
substance abuse, or treated with electroconvulsive therapy in
the last 6 months, were excluded. The Young Mania Rating
Scale (YMRS) (Machado-Vieira et al, 2011; Young et al, 1978)
and the Hamilton Depression Rating Scale (HDRS-21) (Chao
and Korsmeyer, 1998; Hamilton, 1960) were used to assess
residual subthreshold depressive and manic symptoms.
Euthymia was defined as o12 YMRS and o7 HDRS (Chen
et al, 2004; Nierenberg and DeCecco, 2001; Tohen et al,
2000). Patients also fulfilled DSM-IV criteria for remission.

Forty healthy individuals (19F, aged 18–40 years old) were
also recruited in the study. All healthy controls had no
current or past history of psychiatric disorder according to
the evaluation conducted by trained psychiatrists using the
Mini International Neuropsychiatric Interview (MINI)
(Zimmermann et al, 2007; Sheehan et al, 1998). In addition,
healthy control subjects had no family history in first-
degree relatives with mood or psychotic disorders and were
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not taking any psychotropic medicine for at least 3 months
before enrollment, based on a semi-structured interview.
Subjects with a history of substance abuse within the previous
3 months before enrollment were excluded from the study.
The research ethics board of the Hospital das Clinicas—
University of Sao Paulo approved the study. Written informed
consent was obtained from all study participants.

Image Acquisition

MRS imaging sequences were performed using a 3.0T
magnet (Intera Achieva, Philips, Best, the Netherlands) and
an eight-channel head coil. Metabolite levels of Glu; myo-
inositol; N-acetylaspartate, creatine (Cre); choline (Cho);
and Glx were obtained using the PRESS sequence (TE/
TR¼ 80/1500 ms) with 160 scan averages. The size of the
MRS voxel was 2 cm3 and it was placed in the ACC as shown
in Figure 1. The MRS voxel was placed, on midsagittal T1-
weighted images, anterior to genu of the corpus callosum,
with the ventral edge aligned with the dorsal corner of the
genu, and centered on the midline of axial images. Spectra
were quantified with LCModel software (Zhong et al, 1993;
Provencher, 1993), using internal water as a reference, and
metabolite levels with CRLBs420% were excluded from the
analysis. We herein report the metabolite concentrations
as ratios over Cre, because absolute values are usually
considered less reliable as they are more susceptible to
relaxation and partial volume effects than ratios over
Cre (Provencher, 2012; http://s-provencher.com/pages/
lcm-manual.shtml).

To investigate brain tissue composition of the voxel of
interest, three-dimensional volumetric images were ob-
tained using the 3D-T1FFE technique (FA¼ 81; TE/TR/
TI¼ 3.2/7/900 ms) with an isotropic voxels of 1 mm3.
Briefly, the brain tissue was extracted using the brain
extraction tool (BET) and segmentation into white matter
(WM), gray matter (GM), and CSF was achieved using the
automated brain segmentation tool FAST, both apart of the
FSL suite (http://www.fmrib.ox.ac.uk/fsl).

Genotyping

DNA was extracted from peripheral blood according to the
salting-out protocol (Laitinen et al, 1994) and then
genotyped for Bcl-2 rs956572 using real-time PCR allelic
discrimination. PCR amplification for rs956572 was per-
formed in 5ml reactions with 5 ng of template DNA, 1�

TaqMan Universal Master Mix (Applied Biosystems, Foster
City, CA), 1� each primer and probe assay, and H2O.
Thermal cycling consisted of initial denaturation for10 min
at 95 1C, followed by 40 cycles of denaturation at 95 1C for
15 s and annealing at 60 1C for 1 min. Fluorescence detection
occurred in the annealing step. The amplification and allelic
discrimination were performed in a 7500 Real-Time System
(Applied Biosystems). Quality control of Real time PCR
results was done by direct sequencing using the ABI PRISM
3100 Genetic Analyzer (Applied Biosystems).

Statistical Analysis

w2 test was used for comparison of categorical data, and the
ANOVA for continuous data. To analyze the influence of
Bcl-2 genotype on MRS results, we used a multivariate
analysis of covariance (MANOVA) entering MRS metabo-
lites as dependent variables, and age, gender, group, and
Bcl-2 genotype as covariates. To assess the effect of
medication exposure on the metabolites of interest, we
repeated the MANOVA model using treatment divided into
four main subclasses (ie, lithium, anticonvulsants, anti-
psychotics, and benzodiazepines) as a categorical factor
(yes/no). Results shown were corrected by Bonferroni
post-hoc test for multiple variables. A significance level of
Po0.05 was adopted and all analysis were performed using
the IBM PASW 20 (Supplementary Figure S1)

RESULTS

The Bcl-2 genotype distribution in the experimental sample
was in accordance with the Hardy–Weinberg equilibrium
(w2¼ 0.06 p¼ 0.80), and genotype (p¼ 0.6) and allele A
(p¼ 0.24) frequency did not differ between BD and control
group. The three genotypes groups did not differ on age or
gender (Table 1). Sociodemographic and illness character-
istics, as well as medications, use did not differ between the
three Bcl-2 genotype groups (Table 1).

There were no significant differences between BD patients
and healthy subjects in the voxel of interest (Figure 1)
regarding volumes of GM (F¼ 1.84, df¼ 78, p¼ 0.12), WM
(F¼ 2.15, df¼ 78, p¼ 0.19), or CSF (F¼ 2.75, df¼ 78,
p¼ 0.63). Also, no differences on GM, WM, and CSF in voxel
content were observed among the three Bcl-2 genotypes. We
here report the metabolites ratios by Cre, although the
analysis of absolute values (without Cre) revealed similar

Figure 1 T1-weighted magnetic resonance imaging (MRI) location for anterior cingulate prefrontal cortex 1H-MRS single-voxel acquisition (2 cm3).
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results (Supplementary Tables S1–3). Furthermore, metabo-
lites levels correction by voxel content (GM, WM, CSF) also
yielded similar results.

Increased ACC Glu/Cre and Glx/Cre in Subjects with BD
Compared with Healthy Controls Using 1H-MRS

Significant main effects of metabolites levels were observed
by diagnostic group. BD group demonstrated higher ratios
of glutamatergic metabolites Glu/Cre (F¼ 11.0, df¼ 1,
p¼ 0.001), and Glx/Cre (F¼ 14.0, df¼ 1, po0.001) in the
ACC voxel compared with healthy controls.

Cho/Cre levels (F¼ 5.1, df¼ 1, p¼ 0.026) were also higher
in the ACC voxel compared with the control group. No
difference in other metabolites was observed. (Figure 2)

A Selective Increase in ACC Glu/Cre and Glx/Cre Ratios
in Euthymic-BD Subjects Carrying the Bcl2 SNP
rs956572AA

Euthymic-BD subjects with the AA genotype had higher
ACC Glu/Cre ratio in AA compared with AG (B¼ � 0.35,
p¼ 0.03) and GG (B¼ � 0.46, p¼ 0.008) (Figure 3). Also,
BD subjects carrying the AA variant had Glx/Cre compared
with AG (B¼ � 0.48, p¼ 0.02) and GG (B¼ � 0.61,
p¼ 0.05). (Table 2; Supplementary Figure S2) No evidence
of Bcl-2 genotype impact on MRS metabolite ratios was
found in healthy controls (Figure 3).

When lithium, anticonvulsant, antipsychotic, and benzo-
diazepines were used as factors in the analysis, results for

Glu/Cre and Glx/Cre remained similar. AA genotype had
higher Glu/Cre ratio compared with GG (B¼ � 0.50,
p¼ 0.006) and AG (B¼ � 0.47, p¼ 0.004). Glx/Cre ratio
was also higher in AA compared with GG (B¼ 0.70,
p¼ 0.001) and AG (B¼ � 0.67, p¼ 0.001).

Medication Effects

Glu/Cre and Glx/Cre ratios and metabolite ratio were no
different comparing BD-euthymic subjects who were taking
lithium ((Glu/Cre F¼ 1.80, p¼ 0.16), (Glx/Cre F¼ 1.40
p¼ 0.24)), benzodiazepines ((Glu/Cre F¼ 1.28, p¼ 0.26),
(Glx/Cre F¼ 1.45 Pp¼ 0.23)), or antipsychotics ((Glu/Cre
F¼ 2.01, p¼ 0.16), (Glx/Cre F¼ 1.31 p¼ 0.26)) to subjects

Table 1 Sociodemographic and Clinical Variables by Bcl-2 Genotype in Each Group

Variable differences AA (n¼10) AG (n¼38) GG (n¼32) Between-group differences

Mean SD Mean SD Mean SD F Sig. (2-tailed)

Healthy controls (n¼ 40)

Age (years) 25.2 6.7 27 4.5 26.5 6.7 0.14 0.90a

Gender (men/women) 2/2 7/11 12/6 0.24b

Bipolar disorder (n¼ 40)

Age (years) 25.8 5.8 28.5 5.8 30.7 6.8 1.4 0.24a

Gender (men/women) 2/4 9/11 3/11 0.40b

YMRS 1.6 0.5 2.5 1.7 3.10 2.3 0.6 0.5a

HDRS 5.0 1.7 4.0 1.9 5.0 1.7 1.1 0.34a

Length of illness (years) 7 7.8 8.8 5.1 7.8 5.8 0.1 0.82a

Age at first episode (years) 17.6 1.5 19.0 5 21.3 3.4 1.1 0.34a

Number of manic episodes 2.6 2.8 3.7 2.7 3.1 1.6 0.3 0.7a

Medication use in bipolar disorder

Lithium 4/6 18/20 10/14 0.27b

Anticonvulsants 0/6 8/20 9/14 0.03b

Antipsychotics 0/6 3/20 2/14 0.60b

Antidepressants 2/6 4/20 2/14 0.62b

Benzodiazepines 0/6 1/20 1/14 0.79b

aANOVA.
bw2 test.

Significance level po0.05.

Figure 2 Mean metabolite/Cre ratios between bipolar disorder and
healthy controls.
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who were not taking those medications at the time of
scanning. Patients treated with anticonvulsants (valproate
or carbamazepine) (n¼ 16) had lower Glu/Cre and Glx/Cre
ratio ((Glu/Cre F¼ 7.90, p¼ 0.01), (Glx/Cre F¼ 10.78

p¼ 0.003)) compared with the patients not taking anti-
convulsants. To further investigate the effects of concomitant
treatments with anticonvulsants on Glu-related metabolites,
we excluded patients taking anticonvulsants from the
MANCOVA model, and the analysis of the data demon-
strated the same result of higher levels of Glu/Cre
(F¼ 10.53, p¼ 0.02) and Glx/Cre (F¼ 12.99, p¼ 0.001) as
before the exclusion of these subjects.

DISCUSSION

To the best of our knowledge, this is the first MRS
study to specifically evaluate Glu ACC levels by Bcl-2
genotype in euthymic-BD compared with healthy controls.
We found that BD subjects during euthymia have higher
ACC Glu/Cre and Glx/Cre compared with healthy controls.
Overall, our findings of elevated Glu/Cre and Glx/Cre
support a potential role for glutamatergic overactivity
in the pathophysiology of BD type I, which might represent
a trait marker in BD considering that this finding has also
been reported during mood episodes (Yüksel and Ongur,
2010). Furthermore, the present study also describes
for the first time a selective modulatory effect of the Bcl-2
SNP rs956572 on ACC Glu/Cre and Glx/Cre ratios in
euthymic-BD subjects but not in healthy controls. Specifi-
cally, AA genotype had higher ACC Glu/Cre and Glx/Cre
ratios compared with the AG and GG variants in euthymic-
BD (Figure 3).

Table 2 MANCOVA Model: Metabolites/Cre Ratio as Dependent Variables and Age, Gender, Group, and Bcl-2 Genotype as Covariates

Dependent variable Covariate B SE t Sig. Partial eta
squared (%)

Observed
power (%)

Glu/Cre

Age 0.006 0.005 1314 0.193 2.3 25.4

Gender 0.013 0.056 0.233 0.816 0.1 5.6

Group 0.484 0.148 3261 0.002 12.9 89.6

Bcl-2 genotype (AG) 0.001 0.127 0.007 0.995 0.0 5.0

Bcl-2 genotype (GG) 0.024 0.127 0.192 0.848 0.1 5.4

Bcl-2 genotype (AA) 0a – – – – –

Group*Bcl-2 genotype (AG) � 0.359 0.167 � 2154 0.035 6.1 56.6

Group*Bcl-2 genotype (GG) � 0.468 0.171 � 2745 0.008 9.5 77.3

Group*Bcl-2 genotype (AA) 0a – – – – –

Glx/Cre

Age 0.009 0.006 1496 0.139 3.0 31.5

Gender � 0.002 0.071 � 0.034 0.973 0.0 5.0

Group 0.667 0.187 3557 0.001 14.9 93.9

Bcl-2 genotype (AG) 0.002 0.161 0.011 0.991 0.0 5.0

Bcl-2 genotype (GG) 0.014 0.161 0.085 0.933 0.0 5.1

Bcl-2 genotype (AA) 0a – – – – –

Group*Bcl-2 genotype (AG) � 0.488 0.211 � 2.32 0.023 7.0 62.9

Group*Bcl-2 genotype (GG) � 0.621 0.215 � 2887 0.005 10.4 81.3

Group*Bcl-2 genotype (AA) 0a – – – – –

Abbreviations: Cre, creatine phosphocreatine; Glu, glutamate; Glx, glutamateþ glutamine.
aThis parameter is set to zero because it is redundant.
Significance level po0.05.

Figure 3 Interaction between mean anterior cingulated cortex (ACC)
Glu/Cre and Glx/Cre levels, and B-cell lymphoma 2 (Bcl-2) genotype.
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Altered glutamatergic system has been one of the most
consistent findings in the MRS studies in BD (Yüksel and
Ongur, 2010). ACC glutamatergic abnormalities have been
consistently described during episodes of illness in BD. For
example, Frye et al (2007) described increased ACC Glu
levels in BD (n¼ 23) compared with healthy controls
(n¼ 12) (Frye et al, 2007). Ongur et al (2008) reported
higher Gln/Glu in the ACC in subjects with BD in acute
mania (n¼ 15) compared with healthy controls (n¼ 21),
possibly suggesting an impairment in Glu turn-over
between neurons and astroglial cells. In that study,
medication status did not impact levels of Gln/Glu (Ongur
et al, 2008), which is similar to which was also observed in
the present study for lithium, antipsychotics, and benzo-
diazepines. Friedman et al (2004) reported instead that
treatment with lithium but not with valproate might reduce
Glx concentrations, a finding which was not confirmed by
our results. In the present study, we found that patients
treated with anticonvulsants had lower levels of glutama-
tergic metabolites but it is unlikely that medication status
affected the main findings of the study, which remain
essentially unchanged after removing patients who were
talking anticonvulsants at the time of the scanning. Further
longitudinal studies are needed to investigate the effects of
anticonvulsants and other treatment classes on Glu-related
metabolites.

Previous MRS studies with euthymic-BD subjects re-
ported increased Glu (Colla et al, 2009) and Glx in
hippocampus (Senaratne et al, 2009), occipital (Bhagwagar
et al, 2007; Senaratne et al, 2009), and the orbitofrontal
cortices (Senaratne et al, 2009), but no study has specifically
evaluated ACC as the region of interest. Importantly, the
ACC has been directly implicated in the pathophysiology
and therapeutics of BD. ACC modulates autonomic/
neuroendocrine responses and neurotransmitters activity
during neural processing associated with control of emo-
tional behavior and stress (Drevets et al, 2008). Further-
more, the ACC shares extensive anatomical connections
with the amygdala; subiculum; hypothalamus; accumbens;
ventral tegmental area; substantia nigra; raphe; locus
ceruleus; periaqueductal gray; and brainstem autonomic
nuclei, and other areas of the orbitomedial PFC (Ongur
et al, 2003; Drevets et al, 1998). These structures are
implicated in the modulation of emotional behavior, raising
the possibility that abnormal synaptic interactions between
these areas and the ACC may contribute to disturbances
in emotional processing or regulation (Ongür et al,
1998).The ACC seems particularly vulnerable to potential
disease associated changes such as oxidative stress (Wang
et al, 2009), which might be modulated by Bcl-2 levels
(Hockenbery et al, 1993).

Overall, our findings suggest that elevated Glu and Glx
support a potential role for glutamatergic overactivity in the
pathophysiology of BD during mood episodes and euthy-
mia, which might represent a trait marker in BD.

The Bcl-2 AA genotype has been previously associated
with reduced Bcl-2 levels/expression and increased cytosolic
Ca2þ in human lymphoblasts (Machado-Vieira et al, 2011).
AA variant is also associated with lower GM volume in
healthy individuals (Salvadore et al, 2009). Furthermore,
lower Bcl-2 protein and mRNA levels were described in the
frontal cortex of BD subjects (Kim et al, 2010). Further

supporting the neuroprotective profile of Bcl-2, preclinical
models have also demonstrated that 4 weeks of lithium
treatment upregulates Bcl-2 in the dentate gyrus and
hippocampus (Hammonds and Shim, 2009). Also, beha-
vioral studies suggest a potential role for Bcl-2 in BD
phenotype (Lien et al, 2008), and as a key target for mood
stabilizers therapeutic actions (Manji et al, 2000). Con-
sidering that Bcl-2 AA genotype has been associated to
Ca2þ homeostasis, which accumulation mediates Glu
cellular excitotoxicity (Lazarewicz and Salińska, 1993),
Bcl-2 AA genotype would be a risk factor for neuronal
apoptosis and oxidative stress, potentially displaying less
adaptive mechanisms to glutamatergic insult associated
with lower Bcl-2 expression and higher ACC Glu levels.

Bcl-2 is a key protein involved in neurons survival after
Glu exposure. Deleterious cellular effects of Glu seem to
involve Bcl-2 at early stages. The AA genotype in BD
subjects would have increased levels of glutamatergic
metabolites, which might lead to greater deleterious cellular
effects and excitotoxicity. Bcl-2 gene expression decreases
after Glu exposure (Kumar et al, 2010), thus potentially
altering key processes mediated by Bcl-2, such as neurogen-
esis, morphogenesis, Ca2þ dynamics, and synaptic
plasticity (Machado-Vieira et al, 2011). We might
also speculate that higher Glu/Cre ratio observed in patients
with the rs956572 SNP AA genotype might be reflecting
cytosolic Ca2þ dysregulation previously associated
with this Bcl-2 SNP (Machado-Vieira et al, 2011; Uemura
et al, 2011).

This study has several strengths. First, this study has the
largest sample size evaluating Glu metabolites with MRS in
BD research. Previous MRS studies have had small sample
sizes; only 5 out of 11 previous studies of individuals with
BD had more than 20 patients (Yüksel and Ongur, 2010).
Also, we choose to analyze the TE/TR¼ 80 ms to better
evaluate Glu levels. One possible limitation of this study is
the small sample size in the Bcl-2 AA genotype group, which
is a relatively uncommon genotype with a prevalence
ranging of 5–20% in the general population (National
Center for Biotechnology Information, 2012). Moreover,
subjects in the Bcl-2 AA genotype were under pharma-
cotherapy with lithium or antidepressants (but not antic-
onvulsants), which could be a limitation. The evidence
provided herein about the Bcl-2 rs956572 SNP as a regulator
of glutamatergic function in patients with BD adds to the
evidence from previous in vitro studies in patients with BD,
but it needs to be replicated in a larger cohort of patients.
Finally, given that BD is a chronic illness with dramatic
psychosocial consequences, all patients were taking medica-
tions at the time of the evaluation and this limits the
interpretation of our results, although we included treat-
ment as a covariate in our analysis and we found no
significant effect on our results.

In sum, the present findings highlight a role for altered
ACC glutamatergic activity in BD. The modulatory effects of
the rs956572 Bcl-2 SNP on ACC glutamatergic metabolites
in euthymic-BD (but not in controls) support an association
between Bcl-2 activity and glutamatergic system dysregula-
tion in the ACC, which might be relevant for the
pathophysiology and therapeutics of this devastating illness.
Further studies are warranted to confirm the association
between Bcl-2 and ACC glutamatergic metabolism.
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