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ABSTRACT 

Background: Suicide occurs in some, but not all depressed patients. So far, it 
remains unknown whether the studied stress-related candidate genes change in 
depression, suicide or both. The prefrontal cortex (PFC) is involved in, among 
other things, impulse control and inhibitory behaviour and plays an important 
role in both suicide and depression. 

Materials and Methods: We have employed Q-PCR to study 124 anterior 
cingulate cortex (ACC) and dorsolateral PFC (DLPFC) brain samples, obtained 
from two brain banks, from: i) young depressed patients (average age 43 years) 
who committed suicide (MDD-S) and depressed patients who died from causes 
other than suicide (MDD-NS) and from ii) elderly depressed patients (average 
age 75 years) who did not commit suicide (DEP). Both cohorts were individually 
matched with non-psychiatric non-suicide control subjects. We determined the 
transcript levels of hypothalamic–pituitary–adrenal axis-regulating molecules 
(corticotropin-releasing hormone (CRH), CRH receptors, CRH binding protein, 
mineralocorticoid receptor/glucocorticoid receptor), transcription factors that 
regulate CRH expression, CRH-stimulating cytokines, chaperone proteins, 
retinoid signaling, brain-derived neurotrophic factor and tropomyosin-related 
kinase B, cytochrome proteins, nitric oxide synthase (NOS) and monoamines. 

Results: In the MDD-S group, expression levels of CRH and neuronal NOS-
interacting DHHC domain-containing protein with dendritic mRNA (NIDD) 
were increased. Other changes were only present in the DEP group, i.e. decreased 
NIDD, and increased and 5-hydroxytryptamine receptor 1A (5-HT1A) expression 
levels. Changes were found to be more pronounced in the ACC than in the DLPFC. 

Conclusions: Depressed patients who committed suicide have different stress-
related gene expression patterns than depressed patients who died of causes other 
than suicide. 
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INTRODUCTION 

Both depression and suicide are characterized by alterations in the stress response 
(Bao et al., 2008; Pandey, 2013) and by complex patterns of alterations in various 
brain regions and neurotransmitter systems (Gross-Isseroff et al., 1998). Different 
lines of investigation indicate the involvement of the prefrontal cortex (PFC) 
in depression, a brain region involved in, among other things, behavioural 
inhibition and impulse control. There is also a negative correlation between the 
severity of post-stroke depression and the distance between the brain injury 
site and the frontal pole (Narushima et al., 2003). Imaging studies have shown 
altered gray matter volume and thickness, and glucose metabolism and blood 
flow in the dorsolateral PFC (DLPFC) and anterior cingulate cortex (ACC) of 
depressed patients (Drevets et al., 2008). Furthermore, morphological studies have 
shown reduced neuronal and glia cell densities in both the DLPFC and ACC in 
depression (Cotter et al., 2001; Rajkowska et al., 1999). These alterations in the 
PFC may contribute to a number of signs and symptoms of depression, such as 
cognitive decline, negative self-evaluation, and suicidal tendencies (Elliott et al., 
2011). Concerning neurochemical alterations, monoaminergic receptors and 
their transporters (serotonin, norepinephrine and dopamine) (Arranz et al., 1994; 
Mann, 2003; Shelton et al., 2009) and corticotropin-releasing hormone (CRH) in 
the hypothalamus: they have been frequently studied in relation to depression and 
suicide (Jokinen and Nordstrom, 2009; Wang et al., 2008), both of which are closely 
related to (regulation of) the stress response (Bao et al., 2008). In addition, CRH 
neurons are also located in most regions of the PFC (Swanson et al., 1983) that are 
part of the circuitry involved in modulating corticotropine, adrenocorticotroop 
hormone or cortisol-mediated responsivity to stress (Diorio et al., 1993). Also 
other neurotransmitters, such as the nitric oxide (NO) system, have drawn a 
lot of interest due to their changes in depression and suicide (Gao et al., 2013; 
Xing et al., 2002). Retinoid signaling, brain-derived neurotropic factor (BDNF) 
and the gene that encodes its high-affinity receptor, tropomycin kinase B (TrkB), 
have received considerable attention in human studies of suicidal behavior. Some 
of these studies have revealed that people who commit suicide have decreased 
mRNA and/or protein levels of BDNF, TrkB, or both, in the PFC (Ernst et al., 2009; 
Maussion et al., 2014; Pandey et al., 2008). Their decreased expression correlated 
with hypermethylation of the BDNF promoters in exons 4 and 9 (Roth et al., 2009). 
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However, there is still no agreement on a particular molecular "signature", which 
allows for distinguishing expression changes in depression per se from depression 
with suicide. One problem that affects the interpretation of post-mortem studies on 
this topic is the occurrence of suicide in many of the depression cohorts reported 
in literature. For instance, postmortem studies that claimed to have determined 
molecular alterations in relation to depression had in fact selected, in the diagnosis 
group, depressed patients who (nearly) all committed suicide, and compared them 
with control subjects without any psychiatric disorder and who did not commit 
suicide (Bernard et al., 2011; Cotter et al., 2001; Dwivedi et al., 2006b; Martins-
de-Souza et al., 2012; Rajkowska et al., 1999; Shelton et al., 2009). Vice versa, the 
studies focused on suicide appeared to compare suicide cases to matched controls 
without any psychiatric disorder (Dwivedi et al., 2006a; Dwivedi et al., 2006b; 
Poulter et al., 2008; Thalmeier et al., 2008). Such methodological aspects have so 
far made it impossible to distinguish neurochemical alterations due to depression 
per se from those due to suicide. 

We therefore investigated whether a series of  stress-related candidate molecules 
differ in their expression in depressed patients in relation to suicide. We studied a 
Stanley Medical Research Institute (SMRI) patient cohort consisting of three groups: 
major depressive disorder patients who committed suicide (MDD-S), MDD patients 
who died of non-suicidal causes (MDD-NS), and control subjects without a psychiatric 
disorder, to answer the question whether suicide is responsible for the altered gene 
expression. In addition, elderly depressed patients who did not commit suicide (DEP) 
and their matched controls from the Netherlands Brain Bank (NBB) were studied to 
see what the alterations related to depression were,  confirming the findings about 
young MDD-NS from SMRI in elderly depressed non-suicide patients.

EXPERIMENTAL PROCEDURES 

Subjects from the Stanley Medical Research Institute (SMRI) 
All patients whose brain material was obtained from SMRI had given permission 
for a brain autopsy and for the use of their brain material and clinical data for 
research purposes. MDD diagnoses were based on the Diagnostic and Statistical 
Manual of Mental Disorders (DSM)-IV and were made independently by two 
senior psychiatrists based on medical records and, when necessary, telephone 
interviews with family members. This systematized procedure was carried out as 
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described before (Torrey et al., 2000). The demographic information and medical 
data, including a life-long use of psychotropic medication and a history of drug 
abuse provided by SMRI is shown in S-Table 1.

The SMRI frozen brain samples contained ACC (Brodmann area 24) and DLPFC 
(Brodmann area 46) of MDD patients who died of suicide (MDD-S, N = 17); MDD 
patients who died of non-suicidal causes (MDD-NS, N = 7); and matched control 
subjects without a history of suicidal behaviour, or any psychiatric or neurological 
diagnosis (N = 12). These 3 groups were matched for age, sex, race, brain weight, 
postmortem delay (PMD), brain pH and hemispheric side (see Table 1A). All analyses 
were performed by investigators blind to the source of the tissues and diagnosis.

Table 1A Demographic information for the SMRI subjects
MDD-S MDD-NS Ctr F or x2 P

Age (years, range) 40 (24-63) 46 (36-56) 47 (24-63) 1.404 0.260
Gender (M/F) 10/7 3/4 8/4 1.034 0.596
Race 16W, 1H 7W 11W, 1H 0.529 0.744
PMD (hours, range) 29.6 (13-65) 29.9 (15-52) 25.3 (9-40) 0.541 0.587
Brain pH 6.67 (6.36-6.88) 6.60 (6.30-6.90) 6.64 (6.31-6.91) 0.565 0.574
Brain Weight (gram, 
range)

1480 (1170-1780) 1441 (1270-1590) 1444.83 (1200-1595) 0.295 0.747

Side of Brain Frozen 
(L/R)

10/7 5/2 6/6 0.838 0.658

Psychotic Feature1 9 3 - 0.100 0.752
Alcohol hx 11 5 6 1.029 0.598
Severity of Alcohol 
abuse2

2.18 (0-5) 1.29 (0-5) 2.08 (0-5) 0.509 0.606

Drug hx 5 3 4 0.403 0.817
Severity of Substance 
abuse2

0.88 (0-4) 1.43 (0-4) 0.75 (0-4) 0.471 0.629

Fluphenazine 
(lifetime)3

1041.18 (0-6500) 1314.29 (0-3000) - 0.121 0.732

Abbreviation: Ctr, control; F, female; hx, history; L, left; M, male; MDD-S, major depressed patients who 
committed suicide; MDD-NS, major depressed patients died of causes other than suicide; PMD, postmortem 
delay; R, right.
1 Psychotic Feature tested without controls 
2 Substance abuse and alcohol abuse were rated on a scale of 0-5
3 Fluphenazine tested without controls

Subjects from the Netherlands Brain Bank (NBB)
Frozen ACC (Brodmann area 24) and DLPFC (Brodmann area 9) brain material 
was obtained from the NBB from elderly depressed patients who died of non-
suicidal causes (MDD, N = 5; bipolar disorder (BD, N = 10) and matched controls 
who did not have a psychiatric or neurological disease (N = 22). The MDD versus 
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BD subgroup, and the combined DEP group versus the control group were well-
matched for age, sex, brain weight, clock time, month of death, PMD and brain 
pH. Demographic information and P-value of parameter matches are given in 
Table 2B, further clinico-pathological information has been described in our 
previous study (Zhao et al., 2012) and is provided in S-Table 2.

Quantitative Real-time PCR (Q-PCR)
RNA isolation, cDNA synthesis and QPCR reactions were performed as described 
before (Wang et al., 2008; Zhao et al., 2012). RNA integrity number (RIN), an 
indicator of human postmortem tissue RNA quality, did not show any significant 
difference between diagnostic groups in either the SMRI material or in the NBB 
material. The genes detected were as follows, based upon previous studies by 
our own group (Gao et al., 2013; Qi et al., 2013, 2015) hypothalamic–pituitary–
adrenal (HPA) axis regulation related genes, i.e. corticotropin-releasing hormone 
(CRH), CRH receptor 1/2, CRH binding protein (CRHBP), mineralocorticoid 
receptor/glucocorticoid receptor (MR/GR), vasopressin receptor-1α (AVP1α), 
urocotin 3 (UCN3); transcription factor that regulates CRH expression: estrogen 
receptor α/β (ERα/β), androgen receptor (AR), cAMP-response element-binding 
protein (CREB); CRH-stimulating cytokines: interleukin-1β (IL1β) and tumor 
necrosis factor-α (TNFα); chaperone proteins: heat shock protein 70 (HSP 70) 
and HSP 90. Also, monoamine related genes: monoamine oxidase A (MAOA) 
and MAOB, serotonin receptor 1A and 2A (5-HT1A and 5-HT2A), catechol-
O-methyltransferase (COMT), adrenoreceptor alpha 1a/2a, beta 1 (ADRA1A, 
ADRA2A, ADRB1), dopamine receptor D1 and 2 (DRD1, DRD2); NOS related 
genes: NOS1, NOS2, NOS3, NOS1-interacting DHHC domain-containing 
protein with dendritic mRNA (NIDD); retinoic acid (RA) synthesizing enzymes: 
retinaldehyde dehydrogenase 1,2,3 (RALDH 1,2,3); RA metabolic enzymes/
cytochrome P450 protein: cytochrome P450, family 26, A1, B1, C1 (CYP26A1, 
B1, C1); RA cellular transport proteins: cellular RA binding protein 1, 2 (CRAPB1, 
2); receptors mediating RA function: RARα, β, γ and retinoid X receptor α, β, 
γ (RXRα, β, γ); BDNF; TrkB Total, targeting all TrkB isoforms; TrkB full-length 
isoform (TrkB.FL); and TrkB-truncated isoform 1 (TrkB.T1).
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Additional information on all tested genes and the sequences for each 
primer pair used is shown in S-Table 3. Analysis of the qPCR data was carried 
out as described before (Wang et al., 2008; Zhao et al., 2012). In short, after the 
geNorm analysis, the geomean of the absolute amount of the following genes was 
calculated to determine a reliable normalization factor that did not differ between 
the diagnostic groups and their controls, to control for unspecific and non-
disease-related changes (Vandesompele et al., 2002): Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), actin-beta (ACTβ), tubulin-alpha (TUBα), tubulin-
beta 4 (TUBβ4) for the SMRI-ACC/DLPFC study, GAPDH, ACTβ, HPRT1 
(hypoxanthine phosphoribosyltransferase 1), UBC (ubiquitin C), TUBα, TUBβ4 
for the NBB-ACC study and GAPDH, ACTβ, HMBS, HPRT1, TUBα, TUBβ4 
for the NBB-DLPFC study. The absolute amount of transcript obtained from the 
target genes was divided by the normalization factor to get the normalized relative 
value for the final statistical analysis. 

Statistical Analysis 
Statistical analysis was conducted with SPSS (version 16.0, SPSS Incorporation, 
Chicago, IL). The Kolmogorov-Smirnov test was used to check whether the data 
were normally distributed. Gene expression values appeared to be normally 
distributed in most cases, otherwise log-transformation or subsequently square 
root transformation or reciprocal transformation were performed. For three-
group comparisons, data were analyzed for multiple comparisons using one-
way analyses of variance (ANOVAs) for repeated measures where appropriate, 
followed by post-hoc Least Significant Difference test. The two-group comparisons 
were performed with the unpaired Student’s t-test. Benjamini and Hochberg’s 
correction was followed for multiple testing. To rule out possible confounders, the 
analysis of covariance (ANCOVA) was conducted if there was correlation between 
confounders and gene expression. The ANCOVA model, used for the expression 
levels of each gene, revealed the diagnostic group as a main effect and PMD and/
or age as covariates. Tests were 2-tailed and values of P ≤ 0.05 were considered 
significant. Fold changes were calculated using the mean gene expression values.
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RESULTS 

Altered mRNA Expression Levels in Suicide and Depression
In the ACC of SMRI patients, CRH transcripts were up-regulated in the MDD-S 
patients and compared to MDD-NS patients (1.98 fold changes, P = 0.003) and 
to the control group (1.56 fold changes, P = 0.008), while no differences were 
observed between MDD-NS patients and control subjects (P = 0.405) (Figure 
1A). In the DLPFC, we could not find any significant differences between MDD-S, 
MDD-NS, and control subjects (P = 0.487, Figure 1B). In the NBB cohort, there 
was no significant change in CRH expression between DEP and control subjects 
either in the ACC (P =0.104, Figure 1C) or DLPFC (P = 0.855, Figure 1D). IL1β 
showed a trend for an increased expression in the ACC of MDD-S patients (P = 
0.076). 

Figure 1 Alteration in CRH in the ACC/DLPFC in the Stanley Medical Research Institute (SMRI) and 
Netherlands Brain Bank (NBB) patient cohorts In the ACC of SMRI patient cohort, a significant increase 
was found for CRH mRNA expression in MDD patients who had committed suicide compared to the MDD 
patients who died of non-suicidal causes (or control subjects) (A), while in the DLPFC there was no 
significant change (B). In the NBB patient cohort, there was no significant difference between elderly 
depression patients who did not commit suicide and control subjects, either in the ACC (C) or DLPFC (D). 
All data are mean ± SEM. Asterisk indicates P ≤ 0.05.
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The transcript level of NIDD, a protein involved in the NO signaling pathway, 
was increased in the MDD-S patients compared to MDD-NS patients (2.18 fold 
changes, P = 0.009) and to control subjects (1.52 fold changes, P = 0.045) in the 
ACC-SMRI cohort, while there was no difference between MDD-NS patients 
and controls (P = 0.337, Figure 2A). A decreased NIDD transcript level in the 
ACC-NBB was found in the DEP patients compared to the control subjects (36% 
reduction, P = 0.026, Figure 2C), NIDD transcript levels were unchanged in 
the DLPFC-NBB patients (P = 0.556, Figure 2D). In the ACC-NBB cohort, we 
found a significant increase in 5-HT1A mRNA levels in DEP patients compared 
to the matched controls (1.35 fold changes, P = 0.037, Figure 3C), while no such 
difference was found in the DLPFC (P = 0.695, Figure 3D). In the SMRI patient 
cohort, we did not find any significant change of 5-HT1A among the diagnosis 
groups in either ACC (P = 0.757, Figure 3A) or DLPFC (P = 0.577, Figure 3B). 
Other monoamine-related genes (MAOA, MAOB, COMT, 5-HT2A, ADRA1A, 
ADRA2A, DRD1, DRD2), whether from the SMRI or the NBB collection, did not 
show any significant difference in their mRNA expression (Table 2A, 2B). All these 
changes remained significant after ANCOVA testing to control for PMD and age, 
except NIDD-SMRI transcript levels, which became a trend (P = 0.060). 

Figure 2 Alteration in NIDD in the ACC/DLPFC in the SMRI and NBB patient cohorts. In the ACC of 
SMRI patient cohort, a significant increase was found for NIDD mRNA expression in the MDD patients 
who committed suicide compared to the MDD patients who died of non-suicidal causes (or control subjects) 
(A), while in the DLPFC there was no significant change (B). In the NBB patient cohort, there was a 
significant decrease of NIDD mRNA expression in elderly depression patients who did not commit suicide 
compared to control subjects in the ACC (C), but not in the DLPFC (D). All data are mean ± SEM. Asterisk 
indicates P ≤ 0.05.
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Figure 3 Alteration in 5HT1A in the ACC/DLPFC in the SMRI and NBB patient cohorts. In the ACC of 
the SMRI patient cohort, there were no significant changes in the 5HT1A mRNA expression among the 
MDD patients who died of suicide, the MDD patients who died of non-suicidal causes and control subjects, 
neither in the ACC (A) nor in the DLPFC (B). In the NBB patient cohort, there was a significant increase of 
5HT1A mRNA expression in elderly depression patients who did not die of suicide compared to control 
subjects in the ACC (C), but not in the DLPFC (D). All data are mean ± SEM. Asterisk indicates P ≤ 0.05.

There was no significant difference in transcript levels of RA/TrkB-related 
genes among MDD-S patients, MDD-NS patients and control subjects in either 
ACC- or DLPFC-SMRI. See Table 2A for the transcript expression of all target 
genes.

To explore what aspects of suicide cause gene transcription changes in the 
ACC, further analysis was carried out on the SMRI material to assess whether the 
suicide method played a role. The SMRI depressed suicide victims were divided 
into two subgroups: violent suicide (hanging, jumping, shooting and stabbing, N 
= 12) and non-violent suicide (drug overdose, N = 5). Subsequently the significant 
genes (CRH, NIDD, and 5-HT1A) were compared between these two subgroups. 
Higher mRNA expression levels of CRH were present in the violent suicide 
subgroup compared to the suicide victims who died of non-violent methods  
(P = 0.013).

After the Benjamini and Hochberg correction for multiple testing, the 
significant changes in ACC-SMRI CRH, ACC-NBB NIDD and 5HT1A survived. 
Only the significance in ACC-SMRI NIDD was lost. 
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Different Pattern of Gene Expression Changes in Suicide and Depression
When we listed all significant changes in either NBB or SMRI patient cohort (table 
3) for the CRH-, retinoid signaling-, BDNF-,  TrkB- and NOS-related genes of the 
present and of our previous studies on the same NBB material (Gao et al., 2013; Qi 
et al., 2013; Qi et al., 2015), it became clear that suicide and depression clearly have 
different patterns of significant changes in these genes.

Table 3 Significant changes of stress-related target genes in suicide (SMRI) and depression (NBB). 
Gene SMRI-ACC SMRI-DLPFC NBB-ACC NBB-DLPFC
CRH related genes (A)
CRH ↑  ₌  ₌  ₌
ER2  ₌  ₌  ₌ ↑1

MR  ₌  ₌ $1 $1

IL1β  ₌  ₌  ₌, $1  ₌
Retinoid signaling, BDNF and TrkB related genes (B)
CRABP1  ₌  ₌ $2  ₌
RALDH1  ₌  ₌ $2 $2

RALDH3  ₌  ₌ $2 $2

RXRα  ₌  ₌  ₌ $2

RXRβ  ₌  ₌  ₌ $2

TrkB.FL  ₌  ₌ $2 $

TrkB.T1  ₌  ₌ $2 $2

BDNF  ₌  ₌ $2 $2

NOS related genes (C)
NOS1  ₌  ₌ $3  ₌
NIDD ↑  ₌ $  ₌
Monoamine related genes (D)
5HT1A  ₌  ₌ ↑  ₌

Abbreviations: ACC, anterior cingulate cortex; Ctr, control; DLPFC, dorsolateral prefrontal cortex; DEP, 
depression patients who died of non-suicide cause; MDD-S, major depressive disorder who died of suicide; 
MDD-NS, major depressive disorder who died of non-suicide cause; NBB, Netherlands Brain Bank; SMRI, 
Stanley Medical Research Institute. For abbreviations of genes see S-Table 3.
Significant genes determined in SMRI and NBB material from the present study and previous studies (genes 
A1, B2 and C3), are listed according to Brain Bank and brain area. # increase when compared  MDD-S to 
MDD-NS, or MDD-S to Ctr in the SMRI patient cohort, or DEP to Ctr in the NBB patient cohort; $ decrease 
when compared DEP to Ctr; = no significant difference when compared MDD-S to MDD-NS, or MDD-S to 
Ctr in the SMRI patient cohort, or DEP to Ctr in the NBB patient cohort.
1 Qi, X.R., Kamphuis, W., Wang, S., Wang, Q., Lucassen, P.J., Zhou, J.N., Swaab, D.F., 2012. Aberrant stress 
hormone receptor balance in the human prefrontal cortex and hypothalamic paraventricular nucleus of 
depressed patients. Psychoneuroendocrinology. 38: 863-70.
2 Qi, X.R., Zhao, J., Liu, J., Fang, H., Swaab, D.F., Zhou, J.N., 2015. Abnormal Retinoid and TrkB Signaling in 
the Prefrontal Cortex in Mood Disorders. Cereb Cortex. 25: 75-83.
3 Gao, S.F., Qi, X.R., Zhao, J., Balesar, R., Bao, A.M., Swaab, D.F., 2013. Decreased NOS1 expression in the 
anterior cingulate cortex in depression. Cereb Cortex. 23: 2956-64.
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Potentially Confounding Effects
No significant differences were found between the groups in terms of age, gender, 
brain pH, brain weight, PMD, hemisphere side, ethnicity, history of substance 
abuse, severity of substance abuse or psychotic features (Table 1A and 1B), 
indicating that these variables will not have affected our conclusions. The average 
age of the patient groups in the SMRI cohort, however, was lower compared to the 
NBB cohort (SMRI; 44 years and NBB: 75 years). There was also a big difference in 
PMD between the two cohorts (SMRI: 28.19 h and NBB: 7.55 h). The ANCOVA 
model with age and PMD as covariates used in our study further controlled for 
these two possible confounders (see below). As to psychosis, which was present 
in some of the subjects in the SMRI patient cohort, differentially expressed 
genes were compared by with/without psychosis, and none of the comparisons 
were significant (P ≥ 0.300). Additionally, we have combined MDD and BD in 
the NBB collection, since these disorders share similarities with regard to their 
neurobiological underpinnings (Bao et al., 2008) and with respect to some 
structural and functional cortical alterations (Drevets et al., 2008). Furthermore, 
when we compared gene expression levels between subgroups with BD and MDD 
for each brain area, there was no significant difference (Gao et al., 2013; Qi et al., 
2015). Therefore, MDD and BD patient data were pooled. 

While possible effects of medication on gene expression are always a limitation 
in post-mortem human brain studies, we do not think it has been a major 
confounder in our results, even with our small group sizes. For instance, for the 
5-HT1A gene in the NBB collection, no difference was found in mRNA levels 
between patients taking antipsychotics (02-051, 06-011, 06-026) and those not 
taking antipsychotics or antidepressants in the last 3 months. The same holds for 
the patients taking benzodiazepines (00-074, 06-021, 06-026, 07-033, 07-060). 
One patient who was taking selective serotonin reuptake inhibitors (SSRI, 01-074) 
and two patients who were taking lithium (06-021, 06-075) were within the middle 
range of the observed expression levels. For the CRH and NIDD genes in the SMRI 
material, no differences were found in mRNA levels between patients taking SSRIs 
(DC3, DC7, DC12, DC16, DC20, DC21) and those taking no SSRIs. The same 
holds for the patients taking serotonin antagonist and reuptake inhibitors (SARI, 
DC12, DC13, DC24, D25, D30). It should be noted that the patients who were 
taking tricyclic antidepressants (TCA, DC1, DC14, DC16, DC25, DC32, DC34) 
showed significantly lower CRH and NIDD expression levels. Consequently, 
should such medication have influenced our data, it would rather be expected 



Chapter 5

126

to have decreased, not increased, CRH and NIDD levels in the suicide group, as 
we had observed in our present study. The CRH and NIDD mRNA levels of two 
patients who were taking serotonin–norepinephrine reuptake inhibitors (DC17, 
DC31) were intermingled with the other data points, and one patient taking 
monoamine oxidase inhibitors (DC14) was within the middle range. 

DISCUSSION 

In an attempt to understand the biological processes associated with depression 
and suicide, one approach has been to study molecular changes in brain tissue 
obtained from patients that suffered from these disorders. So far, many post-
mortem studies have searched for candidate genes, but there is considerable 
inconsistency in the reported results, which limits our understanding of the 
pathophysiology of these disorders. We show here that the composition of cohorts, 
i.e. the proportion of suicide patients in the material studied for depression, and 
the absence of appropriate disease controls in the material studied for suicide may 
explain at least some of the discrepancies in the literature. Studies comparing 
depressed suicide victims with healthy control subjects that did not suffer from 
psychiatric disorders cannot distinguish whether the changes found are related 
to the underlying psychiatric disorders or to the suicide itself. Our present 
study shows that there are indeed alterations in stress-related gene expression 
levels that are only present in patients who committed suicide (increased CRH 
and NIDD), or only present in relation to depression without suicide (increased 
5-HT1A and decreased NIDD) in the ACC. One important conclusion therefore 
is that appropriate disease controls such as depressed, non-suicide patients and, 
if possible, non-depressed suicide victims, are necessary to better understand the 
full spectrum of molecular alterations in depression and suicide.

CRH plays a central role in the regulation of the HPA axis, which is a central 
system in the stress response. The action of CRH on ACTH release results in an 
increase in cortisol, while MR and GR are involved in the negative feedback. 
Depression, both with and without suicide, is characterized by alterations in stress 
systems (Bao et al., 2008; Braquehais et al., 2012; Wang et al., 2008). Recently, we 
have shown in the NBB cohort of depression patients that did not commit suicide 
that there is an aberrant MR and GR balance in the ACC (Qi et al., 2013). In the 
present study, MR or GR mRNA did not show significant differences in relation 
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to suicide when we compared the ACC of the MDD-S compared to MDD-NS 
patients, but we did observe up-regulated CRH-mRNA expression in the MDD-S 
patients. There was no difference in CRH-mRNA between the MDD-NS patients 
and controls, while CRH mRNA expression remained unaltered also in elderly 
depressed patients who did not commit suicide (Qi et al., 2013). Merali and his 
colleagues reported elevated CRH levels in several frontal cortical brain regions of 
depressed suicide victims (Merali et al., 2004). However, due to the absence of a 
disease control group, they could not draw the conclusion whether these changes 
were due to depression or to suicide. Bringing all data together, increased CRH-
mRNA expression in the ACC seems thus to be related to suicide rather than to 
depression per se.  One may thus speculate that the depression-like effects observed 
following intra-cerebroventricular injection of CRH in rats (Holsboer, 2001) or 
the overexpression of CRH in transgenic mice (Lu et al., 2008) may show a greater 
resemblance to alterations found in depressed patients who died of suicide than 
to major depression per se. Moreover, we found that there was increased CRH-
mRNA expression in those patients who died of violent suicide. Interestingly, an 
animal model showed that the acute stress increased the CRH mRNA expression 
in the PFC (Meng et al., 2011). Whether the increased cortical CRH is related to 
the cause of violent suicide or to the stress of violent suicide should be studied in 
the future. In addition, there was a trend towards increased expression of IL1β, 
a powerful CRH-stimulating pro-inflammatory cytokine, in the MDD-S patient 
group, but not in the depression patients who did not commit suicide, which thus 
also seems to be related to suicide rather than to depression. 

NO generated by NOS1 plays a significant role in modulating the activity of 
the stress system during acute stress. NIDD is a NOS1-interacting protein, which 
increases the NOS1 enzyme activity by targeting it to the synaptic membrane 
(Saitoh et al., 2004). We found an increased NIDD transcript level in the ACC 
of MDD-S patients, while no significant change of NOS1 mRNA was present. 
This was different from the decreased NIDD gene expression in the NBB patient 
cohort, who were older, did not commit suicide, and had a diminished NOS1-
mRNA expression as we reported before (Gao et al., 2013). These findings 
indicate that both NIDD and NOS1 have their own specific expression patterns in 
depression and suicide. Seeing the role that NIDD plays in synaptic function, our 
data suggest that differences may exist in synaptic plasticity in the ACC of suicide 
and depression patients. 
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Monoaminergic systems are considered to be crucial for the stress response 
and determine, at least partly, the vulnerability to mood disorders and suicidal 
behavior as a response to depression (Mandelli and Serretti, 2013). It was therefore 
remarkable to find no significant change in any monoamine-related transcript 
in the ACC/DLPFC in the MDD patients with or without suicide. In the elderly 
NBB cohort, we found elevated 5-HT1A mRNA levels in the ACC of DEP cohort. 
This extends a previous finding of increased 5-HT1A binding in the raphe 
nucleus in elderly depression patients (Meltzer et al., 2004). The present finding 
is also consistent with a genetic meta-analysis showing that the G allele in the 
5HT1A gene, which is associated with higher expressions of 5-HT1A receptors 
(Lemonde et al., 2003), is related to depression (Kishi et al., 2013). Recent studies 
have also shown that there are alterations in 5-HT1A levels in depressed/stressed 
subjects (Cheetham et al., 1990; Jovanovic et al., 2011; Miller et al., 2013). This 
is in line with a transgenic mouse model that is modified to produce increases 
in 5-HT1A autoreceptor levels and displaying increased depressive-like behaviors 
(Richardson-Jones et al., 2010). In the current study, the MDD-NS group from 
the SMRI cohort is relatively small (N = 7). However, the larger group of non-
suicide patients from the NBB cohort, which also consisted of patients who did 
not commit suicide, can compensate for this limitation. It is true that the average 
age of these two cohorts is different: SMRI (y = 44 ± 12) and NBB (y = 77 ± 12). 
Some postmortem studies (Arango et al., 1997; Dillon et al., 1991), but not others 
(Palego et al., 1997), have found aging effects on 5-HT1A receptor density and we 
therefore checked the correlation between 5-HT-1A and age, and found an inverse 
correlation in the ACC of the MDD-S patients (r = -0.619, P = 0.011). This is in 
line with PET studies showing that 5-HT1A binding declines with age (Tauscher 
et al., 2001). However, such a correlation was absent from the MDD-NS group, 
DEP group and from the control groups. As the group size of MDD-NS was so 
small, there might be a chance that age had an effect on the data. We thus corrected 
for age together with PMD, the other major difference between the two cohorts. 
With age and PMD as covariates in the ANCOVA model the changes of 5-HT1A 
appeared to occur independently of these two factors. Our finding of increased 
5-HT1A mRNA levels in the ACC in relation to depression but not to suicide 
illustrates again the problem with the interpretation of the discrepancies reported 
in the literature on 5-HT1A alterations in postmortem material where depressed 
and suicide patients are mixed in order to study depression (Lowther et al., 1997; 
Yates and Ferrier, 1990). 
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Retinoid signaling is involved in the stress response (Hu et al., 2013). In our 
previous study we found that mRNA expression of key components of retinoid 
signaling, such as RALDH1 and 3, RXRα and β, and CRABP1, and the mRNA 
levels of BDNF and TrkB isoforms were significantly reduced in the ACC of non-
suicide depressive patients in the NBB patient-cohort (Qi et al., 2015). The same 
genes were now detected on the SMRI material, but we did not find any of these 
changes, either between MDD-S and MDD-NS patients, or between MDD-NS 
patients and control subjects, which suggests that these alterations are related to 
depression rather than to suicide in elderly individuals. 

In conclusion, different expression changes were present in relation to 
depression and suicide. These changes were observed in the ACC, but not in the 
DLPFC. In our study, different genes (increased CRH and NIDD) were linked to 
suicide, while increased 5-HT1A and decreased NIDD were related to depression. 
These two disorders thus seem to have their own specific expression changes. 
This makes it necessary to include appropriate disease controls to disentangle the 
molecular differences between depression and suicide. 
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