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CHAPTER 3

GENE EXPRESSION OF GABA AND
AMATE PATHWAY MARKERS IN THE
EFRONTAL CORTEX OF NON-SUICIDAL
ELDERLY DEPRESSED PATIENTS

] 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
etal., 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 DLPEC (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 pum 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).

54



GABA/Glutamate gene expression in elderly depressed patients

(0oV)
- €L L0€T  €V9 S LTET STL VL Uea]A
SInytey VOL
[eUDI ‘BIXAYIRD) ON azd TISS ‘azd o0V 1 1 €€ - LL 6S¥V1  LE9 6 0I*1C 009 €6 W 090-20 ad
BIUWIdYOST SerpIe) ON SUON T 04dd1d 1 I [43 LL - ¥0Cl 789 01 SIeT  9S'¢ 89 W 8I1-66 ad
107 Syeuteq O0V'1
wsroqud Sung ON djeureq VOLTT D4dd1d1 € [43 Vi s €PIT AN S ST:0T 0€:9 06 d 850-L6 adg
Zd0
aN ON Z40 O ‘azd ‘104 Odd1a1 [4 1374 L - 1€t 979 11 0T:¢0  STL 6L d 9L0-L0 ag
duofo 00V'1
[3eap 1Ieay] oy ON  -SIupaid T] T Odd1a1 ! €€ €9 €9 061T €€9 0T 0€:60  0¢6 08 d S£0-90 ag
eruownaud ‘uors DOV 1
-Muoy [eiqa1a) ON azda 11 T Odd1a1 € €€ 1L 0L 88¥1 €99 € LO€T €09 0L W 120-90 ad
ewo) [PHIOVIN DOV T
~BWLY [eInpqng ON PUON  ZgD DNZ 1T D4d1d 1 1 €€ 18 L vt ¥9°9 4 00:00 9%91 89 W ¥10-20 ad
Snat oNZ LO™
9sa11e deIpIeD) ON ONZON ‘AZdTeH 1T 0dd1d 1 1 €€ 69 - 06¥1 979 01 S¥e0 0S¥ 0L W T11-00 ad
104 J0V'1
uoneIpAyaq ON ON ‘AzZd ZdO 71 D4dd1ad [4 €€ L S'L 091 8¢9 L 0¢'60 SIS €L W 880-00 ad
O0V'1
d90ued uojey SK azd dzdTHTT 0dd1d 1 0 €c €L L9 Ll LT 9 00°€C  SEL 8L W ¥£0-00 ad
S2INZIdS o oW DOV 1
ondoyido apdnmyy ON ATAzZd  MTAZIVT D4d1AT [4 34 €L 0L scer 979 S SI'TC LE9 88 W €€0-20 ddN
fouapy suidezoy  azdONZ OOV
-Jnsur L1ojexidsay ON O ‘azd TeH PN Odd1d T I 374 '8 6L SI¥FT 099 € 0080  SI:L 0L W 920-90 dd
BUWOUDILd wre], ‘O TeH ole) Ast
03 anp eiseueynyg ON xd TeH ‘azd T4SS  0dd1d 1 1 €€ 6'8 18 080T AN 1 0r:91 0Ty 09 q 110-90 ddW
£ouap eH D0V 1T
-lgnsut [eusy ON [eH ‘YOolL‘dzd O4d1d1 € 34 €L 08 Svel 099 9 (U 00:9 18 W 1S0-20 dAdN
ey 20V 1
-lowsy sunuod ON TASS azd TasS Ddd1ay 0 34 08 0L LTPT 9979 9 0€:c0 002 i W ¥720-T0 AW  syueneq
syjuour
jdureye ¢ Isey ot ur jsed oy uordoy a8eys (Odad1a) Oov) @) ud W) ) (£) Ioquinu
{yeap jo asned opIng  UOHESIPIJA Ul UONBIIPIA urerg yeerg gody NIY NI Md 4SO ALW dLD dWd 98y X8 4N

s393(qns [onuod pue qg ‘AN Pm siuaned jo uorjeurioyur [edsrdojoyjed-odorur) 1 J[qey,

55



Chapter 3

uonorey

-ut [eIpIed0k N auoN SUON  04dTIdT € €€ €8 - 90ST 6€L ¥ 00T 00% 48 N 6€0-46  TID
¥saLIR JRIpIRD) auoN SUON D4d1dT T 134 S8 - 00sT AN S O€IT OI6 €L W 75096 11D
wisAInaue
elIoe ~NEMEOT
-qe paxmdmy PN PW 04dIdT 0 33 8L - 065T 049 S SVLT SWL 99 W L£0-90  OT-D
uonoIejuL
[e1pIed0£W 2N0Y auoN BUON DOV 0 34 - 6L €SST ¥S9 0T  SHFO  SI:6 95 N 89050 6D
uoneIpAyap 00V 1T
pue erxaye) ON JUON  D4dTIdT 0 €€ LS TS 91 08'S 9 SIL0O STiZL 08 W WSO 8D
aImrej J1edH aN aN 24d1dT 0 33 ] - €€l €0Z S T000 00FT 95 N ¥E0-S0 LD
ewou azd [owreing[es D0V 1
-1oTed snyduoIg ‘TeH ‘O ‘ouoseonnyy  ‘D4d1d T € 154 €8 '8 SCIT 049 4 00:20 00:S VL W 610-S0 9-0
D0V 1
eIseueyIng o SUON DAdTIAT T €€ 78 L  FOIT 9TZ 8  OUEl  0F9 18 d  £LS0F0 SO
eruaIm D0V 1
PUE BIXIYIED) VOL azd Odd1d1 1 43 19 6'S  TIST 8¥'9 LSS0 0T8  LL A 6V0F0  FO
Juo[oSIupalq
aIm[rey J1edH oW ‘azd 04d1aT 1 43 '8 - 86ET ¥89 L 000 00Z 88 N 980-10 €D
eruownaud
‘ewourIed0UIpe
AGOﬁEFEuD O QUON D4ddT1d T T & €L - 08IT 819 € 0190 0Z9 L W €€0-10 (40}
wsIoq
-wa Sunj dAISSe aN dN 04d1dT 0 €€ 8L - 49TT AN 9 T000 S¥Tl €4 W £90-00  I-D  S[oNuoD
(0dd1a)
810 - €9SE €90 T80 TOTO  SFO0  LOE WAS
(00V)
- 91’0 9€'6€ Y00 8L0 9STI0  SS0  I6€ WAS
(0dd1a)
S'L - 96C1 CS'S L 60-CT YI:L (94 UBIN
syjuowr
€1se[ oY) ur wedaypy  woidey  aBes (Odd1a) (Oov) (B) Hd (W) w & Jaquinu
eap jo asne) UONEIIPI[N  UI UOHRIIPIN urerg yeerg gody NI N Md 4SO ALN dld dWd 38y xS gdN

s303(qns [onyuod pue qg ‘AN Pm syuaned jo uorjeurroyur fesrdojoyyed-odrurp) ‘panunuo) [ [qe],

56



GABA/Glutamate gene expression in elderly depressed patients

(0dd1a)
vT0 - 8T 990 1 6010 9T 66'C NAS
(00V)
- €0 6€FF 110 T 0510 ¥¢0 16°¢ NAS
(0dd1a)
L'L - 6I€T  IL°S 9 SEL0 178 YL ueIN
(00V)
- L IS¢ 899 L ce01 90:2 6L ueIN
eruownaug - ON QUON 00V 1 1 €€ - VL ¥ocr 09 4 LTET €09 96 W 0200 7O
aN - QUON QUON 00V 1 € €€ - 8L 89ST 969 01 S0-80 S0:9 L8 W €L0-S0 1O
unISNWeISg
dInyrej [eusy] - QUON O Xod 00V 1 [4 €e 'S 00v1I  ¢T9 9 0EvI 0c¥ 08 N 790-S6 00
uonosIejur J.1esH - duleualpy SUON O0V1 [4 €€ - S8 LYST  80°L id S0:60  OT:0T 89 W €v0-L6 61D
BUWIOUIRD
Sun| pue -ouspe
PpoziseiseldN - SUON X2 ‘dzd O0V'1 1 €€ - 9'8 el 199 01 0190 009 6L W ¢vI-L6 81D
wsfmaue
€)J0® [RUTWOP
-qe parmydimy - QUON azd TeH O0V'1 [4 (43 - 'L 01¢r  9%'9 4! 0€:1¢ ST9 68 d 080-90  LI-D
Kouarrgnsur
[BUDI ‘UOT)OIRJUT
1189 ‘eruOWMIUJ - ON aN O0V1 1 €€ - S'L 9¢el  TE9 € 0070  0T0T L8 W L10-S0 91D
SpIuo)
-11ad ‘uonjesuad uojosTupaIg
-Wwooap erpIe] - QUON ‘azd O4d1a1 € €c 69 - ¥S0T 99 6 S0:€0  0FS 88 d 111-66  SI-O
Yooys ondoas
9sa.11e DRIpIRD) - QUON QUON  Dd4dT1d T 0 1374 S'L - 9evl S99 1 00°TT 0¢'8 0S W 900-86 ¥I-O
rwIou
-1oxed searoued
“poys ondag - QUON QUON  DddTd T 1 €€ 78 - GeTT  LE9 1T 0¢€:80  0%C LL El 9¢1-L6  €1-D
syyuour
wdwane ¢ asefay ur wedayy  uordoy  afers (0dd1a@) (Oov) (8) Hd w W @& Taqumu
[yeap jo asne) 9ppING  UOHESIPIJA  UT UOLRIIPIN urerg eerg gody NIY NIY Md 4SO ALW dlLD dWd 98y  x3§ daN

s303(qns [onyuod pue qg ‘AN Pm syuaned jo uorjeurroyur fesrdojoyyed-odrurp) ‘panunuo) [ [qe],

57



Chapter 3

‘foxryuadoponz <7 Guessaxdapriue oA YD L,
UQJIXOWE], “UIB], IOJIQIYUT ae)dNal UTu0j0Ids dATI[RS ‘TYSS Ioquunu ArSaqur YN ‘NIY Iydur  Aepap wartounsod QA {UOHEIIPAU OU QUON] ‘Bjep ou (N Sjueq
urerg spueIayIaN ‘ggN [ew N durydiour ‘o ouoostupaIdiAIaN oI cuorssaidop 19pIosIp Jofewr I I0NqIYUT QYA TOVIA STUNTYII] TT SWRIIIRINIAT AT P
1 qopriadorey] ‘[BH O[ewIdf Y JUIUNBII) JAIS[NATO0D-01)I3[3 ‘I DH YIedP JO W) IUOW ‘(LN X110 [ejuoijaid [e1a1e[osiop DJJT( QUOSBYIaWexap Xo(J ‘[Ieap Jo awm)
Yoop ‘LD pmy [eurdsoiqarad gD uidezewreqres “zgD Gudiom ureiq Mg uidazerpozuaq ‘qzg ‘Iopiosip rejodiq Qg X21100 21e[nSUId JOLIJUE DY SUONRIAIQQY

1S9L, (0dd1Q)
-UOSTeA ouedr
-RIpIRI Judig
4 690 00T 119°0 - 199°0 1£L0°0 £SO (I8°0 S50 (850 JO [oA9]
(0oV)
1831} oued1
Juapnig Judig
1 00T 860 - 680  (LV0 (FTO T80 £T0 LLO  FEO Jo AT
syjuow
wdwane ¢ asefay ur wedayy  uordoy  afers (0dd1a@) (Oov) (8) Hd w W @& Taqumu
peop joosne)  9pLING  UOHEIIPIJN  UT UORIIPIN urerqg yeeig gody NI N Md 48D QLN dILD dWNd 98y X8 4N

s303(qns [onyuod pue qg ‘AN Pm syuaned jo uorjeurroyur fesrdojoyyed-odrurp) ‘panunuo) [ [qe],

58



GABA/Glutamate gene expression in elderly depressed patients

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
etal., 2008).

GABAergic Neuron . : Glutamatergic Neuron

Glial cell

Postsynaptic neuron Postsynaptic neuron

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 GABA, and GABA , 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
etal., 2002). The relative absolute amount of target genes was calculated by 10"xE-
¢ (E=10"0"lr9)) (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).
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Statistical analysis

The differences in gene expression levels between groups were determined
by Student’s ¢-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 GABRBI, 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, VGIuT1 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 VGIuT1 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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Chapter 3

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
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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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GABA/Glutamate gene expression in elderly depressed patients
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GABA/Glutamate gene expression in elderly depressed patients

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, GABRBI, 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 ¢-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 ¢-test Covariance Univariate test
GABRA4 0.345 age 0.676
GABRBI1 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
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