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Abstract

Major Depressive Disorder is a common and chronic illness which is 
associated with significant impairment in quality of life. Rapid antidepressant 
effects of Ketamine have highlighted the role of glutamate neurotransmission 
and Brain Derived Neurotrophic Factor (BDNF) signaling in Major Depressive 
Disorder. Postmortem brain studies provide a valuable tool to study the molecular 
changes in brain; however, access to postmortem brain tissue is limited to major 
academic centers. In this report, we performed exploratory analyses on datasets 
generated by researchers across the world and made available publicly via 
the Stanley Neuropathology Consortium Integrative Database. Using in-built 
statistical analyses tool of this database, we found reports that depressed 
subjects had increased levels of GluA2 mRNA in dorsolateral prefrontal cortex 
while reduced levels of SLC1A2 mRNA in white matter of frontal cortex. We also 
found reports of reduced levels of PSD95, GluN1 and TrkB proteins in frontal 
cortical brain regions of depressed subjects as compared to control subjects. 
None of these comparisons were statistically significant after adjusting for 
multiple comparisons.
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Methods
After registering for online access to SNCID, authors accessed 

the data mining tool of Neuropathology Consortium (http://sncid.
stanleyresearch.org/DataExplorer.aspx) on September 22, 2014. 
Data exploration was restricted to the Neuropathology consortium 
database. Using the dropdown menu in the data explorer webpage, 
an exploratory search was conducted for all marker types in the 
frontal cortex brain region. Total of 909 records were then reviewed 
for reports on the following markers: BDNF and its receptor TrkB; 
GRIN1, GRIN2A, GRIN2B, GRIA1, and GRIA1; postsynaptic density 
protein (PSD95); and excitatory amino acid transporters SLC1A2 and 
SLC1A3. The link for statistical analysis was then used to perform 
non-parametric tests to compare the levels of above mentioned 
marker types in frontal cortical regions of brains from depressed and 
control subjects. The p values for Depression vs. Control comparisons 
were recorded and tabulated along with the name of the investigator, 
brain region, method, and sample size. The link for reference on each 
marker was checked to see if the data from these analyses have been 
reported previously.

Results
Data from 51 comparisons, most of them previously unpublished, 

were available for analyses. The name of investigator, the region 
of brain from which tissue was obtained, investigational method, 
sample sizes and p values were compiled in table 1. As shown in 
table 1, five analyses had p-values less than or equal to 0.05. Using 
quantitative Polymerase Chain Reaction (RT-PCR), Hemby et al. 
found that expression of GRIA2 mRNA was increased in Brodmann 

Introduction
Major Depressive Disorder (MDD) affects 5 to 7 percent of adults 

in US every year [1,2]. It is associated with significant impairment in 
quality of life [3]. The medications which are commonly prescribed 
to treat depression target monoamine neurotransmission and are 
ineffective for a large number of patients [4]. Rapid antidepressant 
effect of Ketamine has highlighted the role of impaired glutamate 
neurotransmission in MDD [5,6]. Glutamate is a neurotransmitter 
which mediates fast excitatory neurotransmission in brain. Along 
with the Brain Derived Neurotrophic Factor (BDNF) it also affects 
neurogenesis and synaptic plasticity [7]. Impaired BDNF signaling 
has also been implicated in pathophysiology of MDD [8].

Consistent with the role of impaired excitatory neurotransmission, 
neuroimaging studies have also found reduced resting state brain 
activity in prefrontal cortex of MDD patients [9-14]. As the depressive 
symptoms resolve, there is an increase in activity in this brain region. 
Molecular changes in both glutamate and BDNF signaling may 
contribute to the frontal cortical deficits. Hence, there is a need to 
characterize the molecular changes in glutamate-BDNF signaling 
in major depressive disorder. Postmortem brain studies can help in 
improving our understanding of these molecular changes.

Only a few academic centers across US have postmortem brain 
collections or repositories for psychiatric diseases. Hence as described 
by Kim and Webster [15,16], the Stanley Neuropathology Consortium 
Integrative Database (SNCID) is an easy-to-use platform to analyze 
molecular changes associated with psychiatric illnesses. In this 
report, we have used the data mining approach to identify changes 
in glutamate-BDNF signaling in frontal cortex of subjects with MDD.
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Investigator Brain Region Method Sample size pValue*

BDNF SJ Watson DLPFC layer I in situ hybridization 15 Dep, 15 Con 0.36

BDNF SJ Watson DLPFC layer II in situ hybridization 15 Dep, 15 Con 1.00

BDNF SJ Watson DLPFC layer III in situ hybridization 15 Dep, 15 Con 0.41

BDNF SJ Watson DLPFC layer IV in situ hybridization 15 Dep, 15 Con 0.49

BDNF SJ Watson DLPFC layer V in situ hybridization 15 Dep, 15 Con 0.38

BDNF SJ Watson DLPFC layer VI in situ hybridization 15 Dep, 15 Con 0.49

BDNF Maree Webster Frontal cortex layer I in situ hybridization 15 Dep, 15 Con 0.30

BDNF Maree Webster Frontal cortex layer II in situ hybridization 15 Dep, 15 Con 0.25

BDNF Maree Webster Frontal cortex layer III in situ hybridization 15 Dep, 15 Con 0.32

BDNF Maree Webster Frontal cortex layer IV in situ hybridization 15 Dep, 15 Con 0.68

BDNF Maree Webster Frontal cortex layer V in situ hybridization 15 Dep, 15 Con 0.39

BDNF Maree Webster Frontal cortex layer VIa in situ hybridization 15 Dep, 15 Con 0.06

BDNF Maree Webster Frontal cortex layer VIb in situ hybridization 15 Dep, 15 Con 0.18

BDNF Maree Webster Frontal cortex layer all in situ hybridization 15 Dep, 15 Con 0.39

GRIN1 Bill Deakin Frontal cortex in situ hybridization 15 Dep, 15 Con 0.37

GRIN1 Maria Karayiorgou Frontal cortex Western blot – total protein 15 Dep, 15 Con 0.10

GRIN1 Maria Karayiorgou Frontal cortex Western blot – phosphor protein 15 Dep, 15 Con 0.15

GRIN1 Maria Karayiorgou Frontal cortex Western blot – phosphor protein/total 15 Dep, 15 Con 0.02

NR1 Kotaro Hattori Frontal cortex (BA6) Dot blot/normalized to GAPDH 15 Dep, 15 Con 0.71

NR1 Bill Deakin Orbital Frontal Cortex BA 22 grey 
matter Immunoautoradiography using fixed section 15 Dep, 15 Con 0.17

NR1 Bill Deakin Orbital Frontal Cortex BA 11 white 
matter Immunoautoradiography using fixed section 15 Dep, 15 Con 0.47

NR1 Bill Deakin Orbital Frontal Cortex BA 45 grey 
matter Immunoautoradiography using fixed section 15 Dep, 15 Con 0.35

NR1 Bill Deakin Orbital Frontal Cortex BA 45 white 
matter Immunoautoradiography using fixed section 15 Dep, 15 Con 0.45

NR1 Bill Deakin Orbital Frontal Cortex BA 32 grey 
matter Immunoautoradiography using fixed section 15 Dep, 15 Con 0.55

NR1 Bill Deakin Orbital Frontal Cortex BA 32 white 
matter Immunoautoradiography using fixed section 15 Dep, 15 Con 0.68

NR2A Kotaro Hattori Frontal cortex (BA6) Dot blot/normalized to GAPDH 15 Dep, 15 Con 0.30

NR2B Kotaro Hattori Frontal cortex (BA6) Dot blot/normalized to GAPDH 15 Dep, 15 Con 0.13

TrkB (NTRK2) Maree Webster Orbital frontal cortex layer 1 in situ hybridization 15 Dep, 15 Con 0.17

TrkB (NTRK2) Maree Webster Orbital frontal cortex layer 2 in situ hybridization 15 Dep, 15 Con 0.31

TrkB (NTRK2) Maree Webster Orbital frontal cortex layer 3 in situ hybridization 15 Dep, 15 Con 0.48

TrkB (NTRK2) Maree Webster Orbital frontal cortex layer 4 in situ hybridization 15 Dep, 15 Con 0.20

TrkB (NTRK2) Maree Webster Orbital frontal cortex layer 5 in situ hybridization 15 Dep, 15 Con 0.33

TrkB (NTRK2) Maree Webster Orbital frontal cortex layer 6 in situ hybridization 15 Dep, 15 Con 0.25

TrkB Carla Toro Frontal cortex (BA6) Immunoblot/normalized to actin 15 Dep, 15 Con 0.91

TrkB Carla Toro Frontal cortex (BA6) Westerns -  normalized to actin (background 
corrected 15 Dep, 15 Con 0.06

T-TrkB Carla Toro Frontal cortex (BA6) Westerns -  normalized to actin (background 
corrected 15 Dep, 15 Con 0.87

TrkB/T-TrkB Carla Toro Frontal cortex (BA6) Westerns -  normalized to T-TrkB (background 
corrected 15 Dep, 15 Con 0.06

TrkB/ p75 Carla Toro Frontal cortex (BA6) Westerns -  normalized to p75 (background 
corrected 15 Dep, 15 Con 0.02

T-TrkB/ p75 Carla Toro Frontal cortex (BA6) Westerns -  normalized to p75 (background corrected 15 Dep, 15 Con 0.58

PSD95 Bill Deakin Orbital frontal cortex BA11 Immunoautoradiography using fixed section 15 Dep, 15 Con 0.02

PSD95 Bill Deakin Orbital frontal cortex BA45 Immunoautoradiography using fixed section 15 Dep, 15 Con 0.96

SLC1A2 Cynthia Weickert Frontal/superficial gray in situ hybridization 15 Dep, 15 Con 0.07

Table 1: Five analyses had p-values less than or equal to 0.05.
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SLC1A2 Cynthia Weickert Frontal/deep in situ hybridization 15 Dep, 15 Con 0.16

SLC1A2 Cynthia Weickert Frontal/white matter in situ hybridization 15 Dep, 15 Con 0.05

SLC1A3 Cynthia Weickert Frontal/superficial gray in situ hybridization 15 Dep, 15 Con 0.93

SLC1A3 Cynthia Weickert Frontal/deep in situ hybridization 15 Dep, 15 Con 0.77

SLC1A3 Cynthia Weickert Frontal/white matter in situ hybridization 15 Dep, 15 Con 0.53

GRIA1 Scott Hemby Frontal cortex BA46 RT-PCR 15 Dep, 15 Con 0.07

GRIA2 Scott Hemby Frontal cortex BA46 RT-PCR 15 Dep, 15 Con 0.02

GRIA2 Scott Hemby Frontal cortex BA46 RT-PCR/flip 15 Dep, 15 Con 0.20

GRIA2 Scott Hemby Frontal cortex BA46 RT-PCR/flop 15 Dep, 15 Con 0.30

*p Value – rounded off to two digits.

Area 46 in depressed subjects as compared to controls. Weickert et 
al. found reduced expression of SLC1A2 mRNA in white matter of 
frontal cortex using in situ hybridization. Reduced levels of PSD95, 
GRIN1 and TrkB proteins in depressed subjects as compared to 
controls were reported by Deakin et al., Karayiorgou et al., and Toro 
et al. respectively. None of these comparisons were significant after 
adjusting for multiple comparisons using Bonferroni correction.

Discussion
An exploratory analysis of the Stanley Neuropathology 

Consortium Integrative Database using a web-based tool suggests 
aberrant glutamate-BDNF neurotransmission. Consistent with 
findings of neuroimaging studies, our exploratory analyses suggests 
that markers related to glutamate-BDNF signaling are reduced in 
frontal cortical regions. Reduced levels of PSD95, GRIN1 and TrkB 
in this database have not been reported previously. Reduced levels of 
GRIN1 as reported in this study are consistent with previous findings 
of and Beneyto and Meador-Woodruff [17]. Similarly, reduced levels 
of TrkB have also been reported by Qi et al. [18]. 

There are several limitations of this study. As listed in the 
disclaimers section of SNCID website (http://sncid.stanleyresearch.
org/Disclaimer.aspx), this database has been generated with multiple 
datasets provided by research groups across the world. Hence, the 
research methods vary between these groups. Additionally, the use of 
in-built statistical analyses tool limits the kind of statistical analyses. 
Effects of confounding variables like age, postmortem interval, pH, 
duration of illness, suicide status, use of antidepressant medications 
etc. were not evaluated in these analyses. 

This report demonstrates the utility of this easily accessible 
database in exploration of the molecular basis of Major Depressive 
Disorder. Despite the limitations as listed above, this database allows 
for exploratory analyses which in turn can be used to generate 
hypotheses for future research. With increasing emphasis on 
sharing data by the national institute of health (http://grants.nih.
gov/grants/guide/notice-files/NOT-OD-03-032.html) and other 
governmental agencies (https://www.whitehouse.gov/sites/default/
files/omb/memoranda/2013/m-13-13.pdf), this report andStanley 
Neuropathology Consortium Integrative Database serve as a model 
for using these publicly available databases for future studies. 
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