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CHAPTER 3 

GENE EXPRESSION OF GABA AND 

GLUTAMATE PATHWAY MARKERS IN THE 

PREFRONTAL CORTEX OF NON-SUICIDAL 

ELDERLY DEPRESSED PATIENTS 

J. Zhao, A-M. Bao, X-R. Qi, W. Kamphuis, S. Luchetti, J-S Lou and D.F. Swaab

J Affect Disord. 2012;138(3):494-502



ABSTRACT 

Background: The prefrontal cortex (PFC) is presumed to be involved in the 
pathogenesis of depression. 

Methods: We determined the gene expression of 32 markers of the pathways of 
the two main neurotranmitters of the PFC, gamma-aminobutyric acid (GABA) 
and L-glutamatic acid (glutamate), by real-time quantitative PCR in human 
postmortem anterior cingulate cortex (ACC) and dorsolateral PFC (DLPFC) in 
elderly non-suicidal patients with major depressive disorder (MDD) or bipolar 
disorder (BD). 

Results: We found the transcript levels of GABA-A receptor beta 2 (GABRB2) 
and post-synaptic density-95 (PSD-95) to be significantly decreased in the ACC 
in mood disorder. DLPFC mRNA expression of all the detected genes in the 
mood disorder group did not differ significantly from that of the non-psychiatric 
controls.

Conclusions: The observed alterations in the GABAergic and glutamatergic 
pathways indicate a diminished activity. These alterations were only present in the 
ACC and not in the DLPFC. 



INTRODUCTION 

Mood disorders are common and have serious consequences. The lifetime 
prevalence of major depressive disorder (MDD) is estimated to be 16% (Kessler 
et al., 2003). Neuropsychological, functional neuroimaging and morphological 
studies indicate that the prefrontal cortex (PFC) is involved in the pathogenesis 
of depression. A number of studies show that hypofunction of the PFC correlates 
with disease severity in both MDD and bipolar disorder (BD) (Drevets et al., 
2008; Price and Drevets, 2010; Swaab et al., 2000): for example, a strongly altered 
glucose metabolism was found in the dorsolateral PFC (DLPFC) and anterior 
cingulated cortex (ACC) (Price and Drevets, 2010). Moreover, BD patients exhibit 
pronounced impairment of a number of tasks mediated by the PFC (Zihl et al., 
1998). In addition, a reduction of grey matter volume was found in the DLPFC in 
both mood disorders, accompanied by reductions in density and size of neurons 
and glial cells (Price and Drevets, 2010; Rajkowska et al., 1999; Rajkowska et al., 
2001). 

Gamma-aminobutyric acid (GABA) and L-glutamatic acid (glutamate) are two 
major neurotransmitters that may affect PFC activity in depression (Hashimoto, 
2011; Krystal et al., 2002; Sanacora and Saricicek et al., 2007). In living patients, an 
increased glutamate content was reported in BD in both ACC and DLPFC (Frye 
et al., 2007; Lan et al., 2009), whereas prefrontal GABA and glutamate/glutamine 
concentrations were either reduced or unchanged in MDD patients (Hasler et al., 
2007; Walter et al., 2009). A reduced density of GABAergic neurons was found in 
the postmortem ACC of BD patients and in the DLPFC of MDD patients (Cotter 
et al., 2002; Rajkowska et al., 2007). Furthermore, the transcript levels of a number 
of GABA subunits were decreased in the PFC of depressed suicide victims (Merali 
et al., 2004). For the glutamate pathway, reduced gene expression of NMDA 
receptor subunits (NR1 and NR2A) were found in the DLPFC of depressed 
patients (Beneyto and Meador-Woodruff, 2008). Furthermore, a microarray study 
showed dysregulation of genes related to the GABA and glutamate pathways in the 
ACC and DLPFC (Choudary et al., 2005). 

However, it should be noted that in the postmortem studies data on the major 
changes in the GABAergic and glutamatergic systems in depression (Gao et al., 
2010) were mainly obtained in younger suicidal patients. Therefore, the present 
study aimed to study GABA and glutamate pathway changes in non-suicidal 
elderly depressed patients. We used real-time quantitative PCR (Q-PCR) on 
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isolated grey matter of the ACC and DLPFC in order to compare the expression 
of components of the GABAergic and glutamatergic pathways in mood disorder 
patients and matched controls.

METHODS

Subjects
Brain samples were collected by the Netherlands Brain Bank (NBB), after written 
informed consent from the patient or their next of kin for a brain autopsy and 
the use of the material and medical records for research purposes. The depressed 
patients had been diagnosed in psychiatric clinics either as MDD or BD during 
their lifetime according to the DSM-III, DSM-IIIR or DSM-IV criteria, and the 
diagnosis was confirmed on the basis of the DSM-IV criteria by a board-certified 
psychiatrist using the extensive medical records of the NBB. Alcohol abuse was 
an exclusion criterium and other causes of depression, such as Parkinson’s and 
Alzheimer’s disease, were excluded by systematic neuropathological investigation 
(van de Nes et al., 1998). Control patients had no primary neurologic or 
psychiatric disease (for exceptions see Table 1). The material consisted of ACC 
(depression N=12, control N=12) and DLPFC (depression N=14, control N=14). 
The depressed patients and controls were matched for sex, age, postmortem delay 
(PMD), clock time and month of death, cerebrospinal fluid (CSF) pH, brain 
weight, ApoE genotype and Braak stage of Alzheimer pathology.

Tissue from the left DLPFC or ACC (for right side exceptions see Table 1) 
was dissected, then snap-frozen and 50 µm thick cryostat sections were cut. Grey 
matter containing all six layers of the neocortex was isolated as described in our 
previous publication (Bossers et al., 2010).
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Q-PCR analysis
The genes related to GABAergic and glutamatergic pathways were selected 
according to Figure 1, the gene information and their primers are shown in 
Supplementary Material Table S-1. RNA isolation, cDNA synthesis and Q-PCR 
were performed by the same protocol as described in our published paper (Wang 
et al., 2008).

Figure 1 Information of GABA and glutamate pathways
Left Figure: The production, transport of gamma-aminobutyric acid (GABA). GABA is synthesized from 
glutamate (Glu) by glutamic acid decarboxylase (GAD). After the GABA is released from presynaptic nerve 
terminals, the synaptic effects of GABA in the brain are mediated through two major receptor subtypes, 
termed GABAA and GABAB, respectively.
Right Figure: The production, transport, and reuptake of Glu. Glu is synthesized from glutamine (Gln) by 
glutaminase (GLS). Glu is packaged into presynaptic vesicules by the vesicular Glu transporters (VGLUT) 
and released from the neuron. Glu is cleared from the extracellular space by glial cells. In glial cells, Glu is 
converted into Gln and is then transported back to the neuron.

Normalization strategy
To remove sampling-related differences (RNA quality and quantity), a 
normalization strategy based upon the geNorm approach was used (Vandesompele 
et al., 2002). The relative absolute amount of target genes was calculated by 1010×E-

Ct (E=10-(1/slope)) (Kamphuis et al., 2001). The geNorm analysis revealed that the 
transcript level of all reference genes determined in the ACC and DLPFC could be 
included in the calculation of the normalization factor (More details are shown in 
the Supplementary Material S1 and S-Table 1).  



Chapter 3

60

Statistical analysis
The differences in gene expression levels between groups were determined 
by Student’s t-test. Because of multiple testing, a stricter level of P ≤ 0.01 was 
considered to be statistically significant. All tests were two-tailed.

RESULTS 

In the ACC, no significant difference between MDD and BD patients was found 
for the GABAergic pathway markers, with the exception of GABRB1, which 
showed a trend towards a significant decrease in MDD compared to BD (values 
of 0.01< P ≤0.05 are considered to be a trend). The data from MDD and BD were 
subsequently pooled for further analysis. GABRB2 transcript levels were decreased 
in the pooled depression group compared to the matched controls (Table 2). In 
the DLPFC, no difference in GABA related gene expression was found, either in 
the subgroups or in the pooled group, except for GABRB3 which showed a trend 
towards a significant increase in depression (Table 2). 

In the ACC, VGluT1 expression showed a trend towards a significant decrease 
in MDD compared to BD, while PSD-95 transcript level was significantly lower 
in the pooled depression group (Table 2). In the DLPFC, NR1 expression was 
decreased and VGluT1 and mGluR2 transcription showed a trend towards a 
significant decrease in MDD. After pooling MDD and BD, no significant glutamate 
related gene expression change was found (Table 2).

The main changes, i.e. reduced GABRB2 and PSD-95 expression, were also 
present when MDD or BD was compared with their respective controls, for more 
details see Supplementary Material S-Table 2.
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DISCUSSION 

We observed alterations in the GABAergic and glutamatergic pathways in the PFC 
in depression. A significant decrease in transcript levels of two genes was found, 
i.e. of GABRB2, one of the subunits of the GABA-A receptor, and of PSD-95, a 
scaffold protein related to the glutamatergic pathway, which indicates diminished 
activity in these pathways in depression. These alterations were only present in the 
ACC and not in the DLPFC. The possible confounders - age, CSF-pH and PMD 
- did not affect our conclusions, for more details see Supplementary Material S2. 

As the GABRB2 subunit contains the GABA binding site (Choudary et al., 
2005; Blednov et al., 2003; Sur et al., 2001), the decreased expression in depression 
may have functional implications. Our experiments did not confirm the altered 
expression of several GABA receptor subunits in the ACC found by microarray 
(Sequeira et al., 2009). It should be noted, however, that in the latter study only 
male MDD patients who committed suicide were examined. We did not confirm 
the increase in GABRB2/3 in the DLPFC of BD subjects either (Ishikawa et al., 
2004) but only showed an increased trend in GABRB3. In our study, however, the 
subjects were much older than in the Ishikawa study (73 ± 3 vs 48 ± 15 years of 
age). 

The postsynaptic scaffold protein PSD-95 directly binds to the NMDA receptor. 
The observed decreased PDS-95 expression may thus cause a disturbed NMDA 
receptor clustering, anchoring or receptor-mediated intracellular signaling (Lau 
and Zukin, 2007; Ziff, 1997). This may also affect synaptic plasticity since PSD-95 
can indirectly bind to AMPA receptors, determine the density of AMPA receptors 
at synapses (Schnell et al., 2002) and participate in synaptic plasticity (Gardoni et 
al., 2009). 

Our finding of only a minor impairment of GABA and glutamate 
neurotransmission is in accordance with in vivo studies in younger patients 
(Berrettini et al., 1986; Roy et al., 1991; Kaufman et al., 2009). In younger depressed 
suicide victims, more extensive changes have been reported for GABA and 
glutamate receptor subunit genes in the PFC (Sequeira et al., 2009), in particular 
of calbindin GABAergic neurons (Chana et al., 2003; Cotter et al., 2002; Rajkowska 
et al., 2007). In addition, in the PFC of younger depressed suicide victims several 
alterations were reported in glutamate and GABA receptor subunits (Choudary et 
al., 2005) and in GABA-A/benzodiazepine binding sites (Cheetham et al., 1988). 
These studies were not suited to distinguish between the alterations in GABA and 



GABA/Glutamate gene expression in elderly depressed patients

65

3

glutamate that are related to depression and those related to suicide because of 
the high proportion of suicide cases in the depressed patient groups. The strong 
alterations in the GABAergic and glutamatergic pathways may thus rather be 
related to depression at a younger age or to suicide. 

Several limitations of our study should be mentioned. Firstly, the groups are 
relatively small in size. However, the frozen brain material for Q-PCR analysis 
was collected from clinically well-documented patients and well-matched control 
subjects with a relatively short post-mortem time and good quality of RNA. 
Samples meeting these criteria are extremely difficult to obtain. Furthermore, one 
of the inherent potential confounding factors in a postmortem study is medication. 
Mood-stabilizer effects on cortical GABA levels have not been studied in patients 
with mood disorders. However, our study showed no differences regarding the 
significantly changed genes between the depressed patients treated with mood-
stabilizers (benzodiazepine and carbamazepine) and the depressed patients who 
never took mood-stabilizers (GABRB2: P = 0.662; PSD-95: P = 0.164) or took 
them only during their last 3 months (GABRB2: P = 0.502; PSD-95: P = 0.186). 
Studies evaluating the impact of electroconvulsive therapy and serotonin reuptake 
inhibitors suggest that both treatments eliminate the GABA deficit in depressed 
patients (Sanacora et al., 1998; Sanacora et al., 2000). However, our data did show 
decreased GABA related gene expression in depressed patients, so the differences 
might have been even more pronounced without this type of medication. In 
addition, an MRS study showed no significant changes in the gluatamatergic and 
GABAergic systems in the ACC after lithium treatment (Shibuya-Tayoshi et al., 
2008), while PSD-95 showed a significant up-regulation by antipsychotic-mood 
stabilizing treatment in ACC (Tomasetti et al., 2010). Our study showed decreased 
PSD-95 expression in depressed patients, which means that the difference in 
PSD-95 might also have been more pronounced without this type of medication. 
Moreover, we did not find that the significantly changed genes in our study 
were any different in the depressed patients who were treated by antipsychotic 
medication compared to the depressed patients who never received antipsychotic 
treatment (GABRB2: P = 0.169; PSD-95: P = 0.958) or received them only during 
their last 3 months (GABRB2: P = 0.696; PSD-95: P = 0.885). Since postmortem 
tissue of mood disorder patients who did not receive medication is hard to come 
by, additional information will have to come from in vivo imaging studies of 
medication-free patients. Another possible confounding effect is the different 
causes of death which might have affected brain metabolism for extended periods. 
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However, the CSF-pH value is a good indicator of ante-mortem events in brain 
tissue (Monoranu et al., 2008) and with the groups so well-matched it is highly 
unlikely that differences in agonal state influenced the data.

In conclusion, the present study shows that markers of the GABAergic and 
glutamatergic neurotransmission in the ACC are differentially expressed in elderly 
non-suicidal depression. The possibility should be considered that the more 
extensive alterations in the GABAergic and glutamatergic pathways in mood 
disorder as reported in the literature might be related to younger age and suicide 
rather than to depression per se. The present results support the possibility that the 
GABA and glutamate pathways may be useful therapeutic targets in depression 
(Hashimoto, 2011; Sanacora and Saricicek et al., 2007). 
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Supplementary Material S1: Normalization strategy 
Quantification of the set of 7 different reference genes (reflecting different cellular 
processes) showed no statistically significant differences between controls and 
depression in both ACC (P ≥ 0.24) and DLPFC (P ≥ 0.34). Yet there was a good 
overall correlation between the expression levels of the reference genes showing that 
the variation observed was correlated and at least partly caused by variations in the 
amount of cDNA in the samples which is compensated for by the normalization factor 
derived from the geomean value of the 7 reference genes. Furthermore, we tested the 
effect of the normalization procedure on the variation of the target genes; the overall 
variation of the raw data was 40.7% and after normalization this was reduced to 30.2% 
(P = 0.001). So, although effective, the reduction of variation was modest probably as 
a result of the fact that we started all cDNA reactions with exactly the same amount of 
RNA and that the quality of the RNA (RIN-values) were within a narrow range.

S-Table 2  Significant level of the comparison between different groups

Gene MDD vs. Control BD vs. Control Depression vs. Control
GABRB2 0.068 0.006 0.001
PSD-95 0.002 0.019 0.001

Supplementary Material S2: Possible confounders in the current post-
mortem study
Age, CSF-pH and PMD were very carefully matched between patients and 
controls. There was no significant difference between two groups (see Table 1 in the 
manuscript). We have also correlated these factors to every single target gene in our 
study. In the DLPFC, none of these factors was correlated to any of the target gene; In 
the ACC, none of the target gene was correlated with PMD. However several target 
genes (GABRA4, GABRB1, GLS, mGluR1 and PSD-93) correlated either with age 
or CSF-pH. Therefore we performed Univariate test with these genes and put age or 
CSF-pH as covariance (depending on which factor was correlated with target gene). 
As shown in the S-Table 3, the Univariate test of all these five target genes showed no 
significance between depression and control groups, just as same as Student’s t-test. 
Concluding, age, CSF-pH and PMD did not influence our results.

S-Table 3 Comparison of significant level between different statistics

Gene  Stutent’s t-test Covariance Univariate test
GABRA4 0.345 age 0.676
GABRB1 0.557 CSF-pH 0.517
GLS 0.749 CSF-pH 0.781
mGluR1 0.741 CSF-pH 0.734
PSD-93 0.444   CSF-pH 0.443


