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Major depressive disorder (MDD) is a complex psychiatric disease requiring multidisciplinary approaches to identify specific risk factors and establish more efficacious treatment strategies. Although the etiology and pathophysiology of MDD are not clear until these days, it is acknowledged that they are almost certainly multifactorial and comprehensive. Monoamine neurotransmitter system dysfunction and specific personality traits are independent risk factors for depression and suicide. These factors also demonstrate complex interactions that influence MDD pathogenesis and symptom expression. In this review, we assess these relationships with the aim of providing a reference for the development of precision medicine.
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Introduction

Major depressive disorder (MDD) is the most prevalent mood disorder and the most common disabling psychiatric disease across the globe. In the United States, the lifetime prevalence of MDD is 20.6% (1), and the associated healthcare and economic burdens are surpassed only by cardiomyopathy (2). The most clinically significant symptom of MDD is suicidality (3, 4). Over the years, MDD has been explained in genetic, biological, psychosocial, personality and other terms. No definite explanation accounts for the mechanism of MDD, however. Reducing the morbidity and mortality associated with MDD requires a more complete understanding of disease pathophysiology. Evidence accrued over many decades strongly implicates dysregulation of monoamine neurotransmitter systems in MDD development. Further, there is compelling evidence that MDD risk is strongly associated with certain personality traits. In this review, we expound the underlying relationships among monoamine neurotransmitter systems, personality traits, and MDD.

A biological basis for MDD risk is strongly supported by genetic studies demonstrating moderate heritability (ranging from about 37% and 45%) (5–9). Thus, gene–environment interactions are likely crucial to disease etiology, such as stressful life events (10, 11), childhood maltreatment (including emotional abuse, sexual abuse, emotional neglect, and physical neglect) (12, 13), and in fact these interactions result in an underestimation of the overall genetic influence (14). Kendler et al. reported a genetic correlation for liability to major depression of 0.63 in both males and females (9), and a similar estimate was reported in a population-based twin study (0.55) (15), consistent with several earlier studies suggesting that genetic risk factors are not sex-specific (16–19). However, the largest-sample twin study reported greater heritability in females (0.49, 95%CI = 0.31─0.56 vs. 0.41, 95%CI = 0.21─0.49), as well as 0.36 (95%CI = 0.31─0.38) in full siblings and 0.51 (95%CI = 0.51─0.53) in half-siblings (20). Several other studies have found a similarly elevated genetic propensity in females (9, 21, 22). These observed differences in MDD heritability between males and females are particularly interesting because recent neuroimaging and molecular genetic studies have also shown potential biological differences in MDD etiology between men and women. Edvardsen et al. reported a higher monozygotic/dizygotic ratio among male twins compared to female twins (8). Alternatively, a sex-limitation model suggested that the same genes influence MDD in males and females (19), although others have found that different genes impacted depressive illness (23). Thus, there is still no consensus on sex differences in the genetics of MDD.



Monoamine Neurotransmitters and MDD

Multiple studies have implicated the monoamine neurotransmitters 5-hydroxytryptamine (5-HT or serotonin), dopamine (DA), and norepinephrine (NE) as the primary contributors to MDD etiology. In the mammalian central nervous system (CNS), the major sources of the three monoamines are the raphe nuclei (24), substantia nigra and ventral tegmentum area (VTA) (25), and locus coeruleus, respectively.

Raphe serotonergic neurons project to the caudate, putamen, pallidus, amygdala, limbic forebrain, and neocortex, where 5-HT signaling contributes to motivation, emotion stress processing (26), and regulation of other limbic functions (27). Acute depletion of the 5-HT precursor tryptophan (acute tryptophan depletion, ATD) markedly influences affective experience and emotional regulation in subjects with a family history of MDD (28). Challis et al. reported sensitization of inhibitory GABAergic neurons within the dorsal raphe nuclei and concomitant inhibition of serotonergic activity following social defeat in mice (29). Collectively, human and animal studies of tryptophan depletion (30) and associated serotonergic signaling deficiency strongly implicate 5-HT in mood regulation and MDD pathogenesis. Such insufficient 5-HT signaling may result from both reduced release and lower postsynaptic sensitivity as MDD patients demonstrate both decreased plasma and platelet levels of 5-HT, as well as blunted prefrontal cortical responses to 5-HT (31). Barton et al. reported elevated brain serotonin turnover before antidepressant therapy and markedly reduced turnover after antidepressant therapy and condition improvement, suggesting brain serotonin turnover as a potential biomarker for MDD (32). Further, a recent positron emission tomography (PET) study found reduced binding potential of the 5-HT1A receptor subtype in MDD patients relative to controls, and the authors suggested that lower 5-HT1A activity may result in “decreased engagement of the cognitive control network and impaired resolution of interfering cognitive stimuli” (33). Also consistent with a major contribution of 5-HT signaling dysfunction to MDD, elevated brain turnover of 5-HT is strongly influenced by 5-HT transporter (5-HTT) genotype (32), which in turn is associated with MDD risk. The urine serotonin/dopamine ratio may also be a useful diagnostic indicator for patients with MDD (34). Alternatively, selective serotonergic reuptake inhibitors (SSRIs) like fluoxetine, fluvoxamine, paroxetine, sertraline, and citalopram can enhance brain serotonin levels and are considered the first-line therapies for MDD patients based on demonstrated efficacy in the majority of placebo-controlled clinical studies (35). Growing evidence supports the hypothesis that epigenetic mechanisms, such as DNA methylation, play an important role in psychiatric diseases (36) such as MDD and personality disorders (37, 38), where epigenetic factors bridge the environmental and genetic mechanisms. A multitude of reports have considered the DNA methylation of the serotonin transporter gene (SLC6A4), located on chromosome 17 (39), as the major research target in investigation and evaluation in depression (Table 1). In summary, 5-HT is the biogenic amine most strongly associated with depression, as evidenced by the negative influence of 5-HT depletion on mood, the antidepressant efficacy of SSRIs, the perturbed 5-HT turnover and neuronal sensitivity in MDD patients and animal models, and the numerous associations between 5-HT pathway gene polymorphisms and MDD (Table 1).


Table 1 | Serotonergic gene polymorphisms in MDD.




Changes in 5-HT signaling may also predict suicidality. Patients with suicidal impulses exhibited lower cerebrospinal fluid (CSF) concentrations of the 5-HT metabolite 5-hydroxyindoleacetic acid (5-HIIA) and fewer 5-HT uptake sites on platelets (92, 93). Weissmann et al. reported increased editing of the 5-HT2C receptor (5-HT2CR) mRNA in cortical areas of depressed suicides compared to non-psychiatric controls, suggesting that region-specific changes in 5-HT2CR function may contribute to MDD etiology (94). Further, altered activities of the major 5-HT biosynthetic enzymes tryptophan hydroxylase 1 and 2 (TPH 1 and TPH 2) (95), of 5-HTT (96), and of serotonin receptors, especially HTR1A (97), HTR2A (98), and HTR2C (99), are associated with suicidal impulses and violent suicidal behavior. However, contradictory findings have been reported (98, 100, 101), possibly due to low statistical power or heterogeneity of study populations. Larger-scale studies of different clinical and ethnic populations may resolve these controversies.

In animal models, genetic and pharmacological manipulation of serotonergic signaling can induce acute depression- and anxiety-like behaviors (102). Further, manipulating serotonergic and dopaminergic signaling during development can affect later-life somatosensory, anxiety/depression-like, and aggressive behavior (103). A recent study found generally lower levels of all three monoamines in a Wistar–Kyoto (WKY) animal model of maternal depression compared to matched control Sprague–Dawley (SD) rats (104).

Norepinephrine (NE) secreted from the locus coeruleus (LC) is a critical modulator of neural circuits involved in learning and memory (105–107), mood, sleep, appetite, and neuroendocrine function (108). Moreover, the antidepressant actions of monoamine oxidase (MAO) inhibitors and non-selective monoamine reuptake blockers suggest that NE plays a major role in the neurobiology of MDD (109). One potential pathogenic mechanism is elevated NE sensitivity of α2-adrenoceptors, which can inhibit NE release from the LC via negative feedback (110, 111). Indeed, elevated density and enhanced activity of α2-adrenoceptors have been reported in the brain tissues and platelets of MDD patients (112, 113). Elevated α2-adrenoceptor density has also been found in the frontal cortex and hippocampus of depressed suicides (114, 115). Moreover, Rivero and co-workers found that the elevated α2-adrenoceptors density in the prefrontal cortex of suicidal depressed subjects was resistant to antidepressant therapy, whereas elevated β1-adrenoceptor density was reduced by such therapy (116).

The efficacy of selective norepinephrine reuptake inhibitors (SNRIs) provides the strongest evidence for a direct contribution of deficient NE transmission to depression. A recent systematic review concluded that the SNRI duloxetine hydrochloride was effective against MDD as well as panic disorder, obsessive–compulsive disorder, and other psychiatric disorders (117), indicating broad involvement of NE in psychopathology. Another review suggested that duloxetine may be safe for older adults with MDD (118), although this agent has not been suggested for use as first-line acute therapy for MDD (119). Nonetheless, the norepinephrine transporter (NET) is well documented therapeutic target for MDD and like SSRIs (120), nonselective 5-HT/NE reuptake inhibitors such as venlafaxine (121) are widely used for MDD treatment. Many studies have also implicated NET gene polymorphism in MDD pathogenesis (Table 2). Abnormalities of noradrenergic function may also be involved in the pathogenesis of suicide (148). Several earlier studies reported upregulation of β-adrenoceptors in the brains of suicides (114, 149, 150), although several others reported the opposite (150, 151). Aside for receptor abnormalities, excessive stress could trigger depletion of NE and the onset of MDD (152).


Table 2 | Dopaminergic and noradrenergic gene polymorphisms in MDD.



While 5-HT and NE are the biogenic amines most consistently associated with MDD, abnormalities in DA signaling have also been implicated. For instance, depletion of DA has also been reported in MDD patients (153). The medial part of the VTA projects mainly to the nucleus accumbens and ventral striatum, which are central hubs of the brain reward system (154, 155). Allelic variation of DA-related genes modulate brain circuitry involved in the regulation of negative emotional stimuli (156), and DA system dysfunction has been associated with many symptoms of MDD such as anhedonia and low motivation (157, 158), as well as with cognitive symptoms such as impaired concentration (159, 160).

A dopamine deficiency has also been reported in MDD. One study measuring monoamine neurotransmitters and related metabolites in the cortex of rats detected DA only in the control group (161). A multi-data source-based prioritization (MDSP) study by Liu et al. identified 143 depression-related genes, including the DA receptor 4 (DRD4), as well 16 significantly enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways, including the ‘dopaminergic synapse' as well as the ‘serotonergic synapse' and ‘glutamatergic synapse'. The neuroactive ligand–receptor interaction list from KEGG pathway analysis also included the dopaminergic synapse (162). Further, a number of dopaminergic gene polymorphisms are associated with MDD (Table 2).

Reduced NE, 5-HT, and DA have been identified as significant biomarkers for depression in animal studies (163, 164). Advances in imaging techniques, including PET and single-photon emission computed tomography (SPECT), have also provided valuable insights into the contributions of DA to MDD. For instance, a recent study reported significantly reduced DA transporter (DAT) availability in the bilateral putamen and VTA of patients compared to healthy controls (Cohen d range, −0.62 to −0.71) (158). Moreover, this same study found lowest DAT availability in the VTA of patients reporting the greatest stress-related fatigue (165). While this relationship was replicated (166), the findings of a meta-analysis were contradictory (167).

In summary, the evidence is very strong that dysregulation of NE, DA, and 5-HT signaling contributes to MDD development and symptom expression. However, prospective studies are required to establish causal relationships between these deficiencies and MDD.



Personality Traits and MDD

Personality can be described as a composite of multiple, relatively stable traits and specific trait profiles, as measured using instruments such as the Neuroticism, Extraversion, Openness Five-Factor Inventory (NEO-FFI) questionnaire, Temperament and Character Inventory (TCI), and Eysenck Personality Questionnaire (EPQ) for associations with MDD risk.

A large-scale longitudinal cohort study using baseline and 2-year follow-up data found that increased neuroticism scores on the NEO-FFI were associated with both anxiety and depressive disorders. Higher agreeableness has also been associated with the occurrence of MDD, while openness demonstrated no association with the occurrence of, or recovery from, any depressive or anxiety disorder (168). In contrast, extraversion trait scores were associated with lower depressive disorder incidence and increased rate of recovery (169). Pair-wise genome-wide association studies (GWASs) have also found that numerous genetic variants overlap between depression and trait neuroticism (170). Further, high trait neuroticism has been confirmed as a dominant risk factor for depression (104). Also, low extraversion scores were a predictor of depression during the remission period of bipolar disorder (BP), the other main subtype of mood disorder (171). A recent resting-state dynamic functional network connectivity analysis found that state 4 was positively correlated with trait extraversion and negatively correlated with neuroticism, as measured by the EPQ, and that MDD patients showed significantly reduced dwell time and fractional time in state 4 compared to healthy controls, with lowest centrality degree in hippocampus and ventral striatum (172).

Neuroticism can improve the ability to cope with negative emotional stimuli (173) and has been linked to panic disorder (174), schizophrenia (175), and obsessive–compulsive disorder (OCD) (176) as well as to MDD. According to twin studies, the heritability of trait neuroticism is approximately 40%, with 15% to 37% caused by single-nucleotide polymorphism (SNP) variations (177). High trait neuroticism is associated with sensitivity to stress and negative emotional experiences, as well as with excessive worry, emotional vulnerability, and increased emotional exhaustion (178), all of which can impact an individual's physical activity (179), perception (180, 181), and emotion (182). An early meta-analysis of GWASs analyzing over 106,000 individuals identified nine neuroticism-associated loci (including the ionotropic kainate 3 glutamate receptor, Kelch-like protein 2, and corticotropin-releasing hormone receptor 1). This same study also found a strong association between neuroticism and MDD (genetic correlation = 0.64), but no sex difference in the heredity of neuroticism (177). Another meta-analysis of GWASs identified the Membrane-associated guanylate kinase inverted repeat member 1 (MAGI1) gene as a novel locus for neuroticism, both among the entire cohort of 63,661 individuals as well as in the combined Netherlands Twin Registry (NTR)/Netherlands Study of Depression and Anxiety (NESDA) cohort, with significant polygenic risk scores associated with MDD for SNP sets at P-value thresholds of 0.01 and 0.05, again providing compelling evidence that higher neuroticism is strongly correlated with MDD (183).

Harm avoidance (HA), a core personality trait defined by Cloninger, reflects a tendency to avoid potential danger, and like neuroticism, is related to traits such as pessimism, anxiousness, insecurity, bashfulness, and unusual susceptibility to fatigue (184). Trait HA has a high degree of stability throughout life (185), and is strongly associated with OCD (186), eating disorders (187), and other psychiatric disorders. High HA scores are also considered predictive of MDD (188). Bipolar disease patients demonstrating high HA scores on the TCI also showed a strong tendency for poor antidepressant treatment response during depressive episodes (189). A meta-analysis focusing on the associations between personality traits and MDD recovery found that patients with high novelty seeking (NS), high self-directedness (SD), and low HA exhibited better antidepressant responses (190). Alternatively, higher HA scores and lower SD scores were significantly correlated with non-remission in MDD patients (191), these findings have been replicated (192–194). Interestingly, a meta-analysis from Zaninotto et al. not only found such correlations, but the team reported the influence of HA in MDD vs healthy subjects was significantly greater than that found in BP vs healthy subjects (195), although there was marked heterogeneity among the included studies. Additional longitudinal studies are needed to confirm the association between HA and MDD.

Personality traits are also the major focus of suicide research. Garcia Herrero et al. concluded that high neuroticism can predict suicidal ideation (196). Similarly, Peters and his colleagues followed a large sample population in the United Kingdom for 10 years and found that neuroticism was related to suicide risk in both males and females and that neuroticism was a major predictor of suicide in females with mood disorders (197). An earlier study also found that neuroticism and openness were risk factors for suicide specifically in females, while extraversion and conscientiousness reduced the risk in males (198).

A recent study using the TCI to assess personality traits found that higher HA increased the risk of suicidal ideation in depression (199). Eric et al. also reported significantly higher HA scores, as well as low SD scores in subjects with suicidal ideation (192). Further, several studies have found that higher HA and NS scores are significant risk factors for suicidal behavior (200–202), while others have linked lower SD and higher self-transcendence (ST) to suicidality (203, 204).

Mood state may also impact personality traits, at least as measured at specific times, which complicates these association results. Nonetheless, the relatively consistent relationships between specific traits and MDD, including suicidal MDD, and the overlap between several trait-related and MDD-related genes suggest that investigations of the genetic and physiological attributes underlying specific traits may provide additional clues to the pathophysiology of MDD.



Monoamine Neurotransmitters and Personality Traits

Twin, family, and genomic studies have shown that personality traits are strongly influenced genetics, with estimated heritability ranging from 40% to 60% (205–208). Cloninger's Tridimensional Personality Questionnaire (TPQ) traits NS, HA, and reward-dependence (RD) have all been associated with monoamine functions (209, 210), as have the so called “the Big Five” personality traits assessed by NEO, NEO-PI-R, and NEO-FFI (neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness) (211) and the three personality traits of the EPQ (psychoticism, extraversion, and neuroticism) (212).

Extraversion, a higher-order personality trait, has been linked to reward system function in several studies (213–215). Furthermore, evidence strongly suggests that DA modulation is involved in both reward system function and extroversion (216). Smillie et al. (208) and co-workers reported that subjects with the DA receptor 2 (DRD2) gene A1-allele had significantly higher extroversion scores. In contrast, however, a functional magnetic resonance imaging (fMRI) study reported that A1-allele carriers exhibited lower extraversion scores, although the difference between carriers and non-carriers was not significant (217). A cross-national study of personality differences by Fischer et al. found a positive correlation between dopaminergic brain function index score and extraversion as well as a negative association between dopaminergic function and neuroticism score in those under high stress (218). A meta-analysis also found a relationship between self-consciousness (one facet of neuroticism) and the domain receptor 1 (DDR1) gene (219). Again, these relationships may be complicated by covariables. For instance, a previous study reported a negative correlation between neuroticism scores and quality of life in schizophrenia (175).

The opponent interactions between serotonin and DA makes the relationship between serotonin and personality traits was interesting and complex (220). Several studies have looked at the relationship, but the results have been inconsistent (Table 3). For example, most evidence to date support a link between the serotonin-transporter-linked polymorphic region (5-HTTLPR) and neuroticism (252, 286), meanwhile the different result were obtained using NEO-FFI (225). Interesting, in Swedish cohort study, they observed openness was significantly associated with 5-HTTLPR, while they also found that the positive association between openness and childhood adversity in the gene-environment model regardless of 5-HTTLPR genotype (225). Paaver et al. demonstrated S allele carriers with adverse family relations were related to higher thoughtlessness, disinhibition and impulsivity using the Barratt Impulsiveness Scale 11 (BIS-11) solely among girls (254), they also indicated that, in agreement with other studies, the influence of 5-HTTLPR genotype on affect is related to environmental adversity (61, 66). Indeed, environmental adversity, such as childhood adversity, can have a negative effect on child's expectations and present strained interpersonal relationships, which can affect personality or temperature (295), as well as associate with a range of psychopathology, including MDD (11). This factor has not been considered in some studies, which might be one of the fundamental reasons for the inconsistent results. Some studies on children have demonstrated significant association between 5-HTTLPR short (S) allele and higher NS scores (253), and S allele closely related to higher prevalence of substance use (296). In addition, the study of the relationship between personality trait and NE is rather little.


Table 3 | Relationships between monoaminergic system function and personality traits.





A number of monoaminergic transmitter-related genes are linked to personality traits, such as those encoding catechol-O-methyl-transferase (COMT) (297), monoamine oxidase A (MAOA) (222), and glutathione peroxidase 1 (GP × 1) (268). Furthermore, polymorphisms in monoamine receptors, for example 5-HTTLPR(226) and DRD4 (221), are associated with personality traits (Table 3). Recent studies in our laboratory have demonstrated associations between personality traits and Neurotensin receptor 1 (NTR1) (236), Dopamine- and cAMP-regulated phosphoprotein (DARPP-32) (255), and casein kinase 1ϵ (CK1ϵ) (246), all of which can affect monoaminergic signaling.

Undoubtedly, it is important that any assessment of the role of monoamines in personality traits should involve precise neural circuits associated with the relevant behavioral processes from the examples provided above (298). However, in many studies, there are some limitations, such as the small sample size with low statistical power, still need more participants to provide high quality evidence in further analysis.



Conclusions

MDD, therapeutic strategy still remain unclear, is one of the most prevalent medical disorder which causes life-threatening conditions, like suicides tend and suicidal behaviors. Although the precise etiology is not known, several studies support the fact that MDD is the severe mental disease that involves disturbance of chemical neurotransmitters, psychosocial factors, genetic factors, personality traits and other formulations. In our study, numerous strong associations have been identified among monoamine signaling deficits, detrimental personality traits, and major depressive disorder, providing potential clues to disease pathogenesis. And through incredible advancements in medical technology, these independent and interactive dimensions may be promising targets for precision medicine. Suicide is a massive public problem in depressed patients, thus research regarding the prevention and intervenient countermeasures of suicide should be thoroughly investigated in the field of biogenic amines changes and personality traits. Moreover, such studies have identified potential biomarkers for MDD risk that could aid in the early identification of at-risk individuals (299). Clinical programs should focus on early identification and intervention for emotional problems and high-risk behaviors among children and adolescents. Notably, the evidences for the relationship between monoamines, MDD and personality traits are confused and contradictory. Small sample size (significantly drop the accuracy rate and lead bias), unified analyzing methods, differences in tissues, depressive phenotypes, ethnicities, and others may lead to these inconsistent data. These factors should be considered in future studies.
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426 210 heatry contos)
776 (388 heatny conios)

579 depressed subjects

252 deprossed subjcts
126 depressed subjects
205 dspressed subjects

550 (201 with MDD and suicdo atempts,
160 vith MDD wihout sicide attemps,
and 189 heaty convos)
604 (302 haatry contos)
243 depressed subjcts

776 (388 heatry conios)
5327 neatthy contot)

78 (48 heatty contols)
134 nudear famites with mood dsorders
88 with MOD)
Unted States

264 depressed subjets
Russa

Crinese

Gorman

1,714 suiects

Crinsse.

Rodhioad NET i the LC raated fo MDD,

No sigrificant associions.
No sigrfcant associtons.

Tendency fo lower TT genotype fraquency in MDD.

T-atels of NET T-182C polymorphism associted wih btter
andepressant esponse.

CIC genotype relate o low MOD rsk.

No sigficant iforence.

‘Salctod NET gene patymorphisms nluence MDD rsk rom negative e
ovents.

Both NET and SHTTLPAR related to MDD, whio tho nferacton betwosn
them associated wih depression and Hariton Depression Rating Scae
for Depression baselne sooes.

No sirifcant assoditons between ssected poymorphisms and
antdepressant esponse.

No sigifcant associons between SLOBAZ poymorphisms and
antidepressant reatment fosponse.

‘SLOBAZ polymorphism related to MADRS:dofined oanzapingsuosetne
fesponse i MDD

'SLOBAZ polymorptism elted fo suicde sk i MDD,

GC genotype of NET geno may reduce sk of depression.
‘Assoction between SLOSA gene variaion and remission afer
venlatn eatmont i MDD.

‘Sinifcant assocaton betweon T-182G polymorphism and MDD,

No iflerence n NET polymorphisms befvieen MDD group and Gontos

‘Signiicant dagnosis nteracion for NET G1287A polymorphism i MDD,
No sigficant associaons.

(DRDS 5-repeat ael related to depressive symptoms among.
‘addlescents/young aduls.

'DAT! UNTR poymorphism relted to antidspressant response.
'DATH potymorphism 1540184 roated to MDD and suicidalideation.
Nosigrifcant associions.

‘9FU9R and VIVl genotype negatively relate o Sainess score.
[DATH relatc o chicken's depressie symploms.

Iteraction of DATI, COMT, and peer acceptance precctive of
‘adoescent depressive symptoms.
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652 (222 males and.
430 females)

269 (120 mates and
166 fomaee)

94 (14 malos a0 80
fomaes)

216 (129 males and 87
females)

483 222 mates and
261 females)

502 240 mates and
262 armales)

16 @maiss ands
femaes)

21 (10 mas and 11
femaes)

5035 maes and 15
femates)

1,114 subjects

83 (52 mas and 31
females)

549 (304 males and
245 famaies)

301 subjcts

31 subjcts
4219 maes and 28
fomales)

326 suvjects

256 suvjects

370 tamaies
149 (65 males and 84
fomaies)

219 tamaies

8 sects

15 mas
115 subjects

101 fomaes

149 (57 maes and 92
fomales), and 252 (103
males and 149
fomales)

66 macs

71 @ maesand 38
fomaies)

11 @mass and3
females)

371 208 mates an
165 fomas)

16 maios
24 males
191 maos and &

577 sujects

‘Eysenck Personaty Inventory (EPY)
and Tomporament and Chiaractor
Inntoy-125 (101125).

15
Outch personatty quesionaire (0PQ)
TP and Buss-Durkes Hostity
Inventory

85511 and Adaptve and Matadapine
Impuisiy Scde

‘Swodish unversites Scalos of

NEOPIR

o
NEOPIR

T

EPQadTel
NEO
Maudsey personalty inventory

1
NEOPIR

0
Ol andNEOPLR

T
Karoinska Scaes of Prsonaity

0
NEOFFI
0

PO and EPQ
NEOFFI

o

Karoinska Scaes of Porsonaty.
‘Scandnavian Universts Scales of
Personaity, HealiRelevant 5-Factor
Personaity inventory, TCH and NEO-
PR

T

1

NEOPLR

™

‘Significant effects of ANKK1/DRD2 Taq1A on Neuroticism and of dopamine transporter
gens (SLOBAS) 1527072 on Persistenc i both sexes. Senicant associaion botween
ANKK1/DRD? Taq1A A2/A-genotype and higher NS and lowr RD in males. Sgnficant
‘associaion between SLOBA3 10R'G-haplotype and higher Persistence infemaes

No sgniican associatons wih TCI sooes.

SHTTLPRS:allo ncreases afeciivereaciviy to examination siress ndependent of rat
Neurotism.
S aleo of 5 HTTLPR was roated o higher NS scores

S s of 5-HTTLPR was associated wih high maadapie mpusiy.

Sonicant associaons between S126018G0C/T and the it NS. Boin s37960BAG.
a0 (53764352016 assocated wih HA.
ookl desirabity negaiiely conelaled wih D2-receptor avalabiy i stratum.

The dfeent regions of 5T afects Persistence independent of s8x.

Negative comeiaion between Opemess 0 Experience and i o cerebral SHTT
binding.

DRDZ elated o Novely sesking n chidhood,

Postie correlaion betwesn -Hlx bining and Newrotsm,

Manoamine osicase A MAOA-VNTR) gene high-actiy ale exhbited signfcant higher
P scores than lowaciuty gene i femals.

SHTT gano S .10 aek associatod wih Newrotism and HA

Postive conoltion betwesn neuroicism and §-HTT binding n the thatamus

L scae eated o sivata dopaming D2/D3 roceptor avalabily

Sgrfant associaions between moncamine cxidase A poymorptism and bath NS and
R,

No sgnifcan nteraction among e functional poymorphisms i the tyosne
hyckoxase, monoamine 0xcaso A, anc COMIT ganes on parsonaly als.
MAOA-WVNTR, gone relaed o Hi of TPQ, and tha HAG 9ot tho ighest sooe.
Associaion beteen (31050450 poymorphism and Openness on NEO. No association
was found using TCI.

No sigriicant associaions betiween monoamin oxdase A promota poymorphism and
personity at.

High scores on somatc andety and muscul tension and irtabily sgnifcanty
‘associted withreduced '*F uorodopa uptake in the cauate.

5.HT, recaplorbincing potentl (BPND) negativly corrlated wih STSA.

DRDA exon I and -621C/T not related to any parsonaily vat,

Association betwoen DRDA variants o DRDS and both NS and P personsity s
‘COMT gans polymorphism raae o ighr HA scores i femaes, with Mot S8Met158
‘genotype mostsiongly assocated.

£PQ correlted with ['"CWAY-100835 binding of 5-HT ecepiors.

Sorfant nteraction of sex and DADA poymorprisms (616 and -521C) reated to
Exaversion sooes.

‘Corebral cortex §-HTza receptors associated wih HA.

No association between MAOA promote region and personalty s i Swedish
populaton.

Sonfcant elation between dopanine 02 receptor (D2R) and personsity tat of HA,
NS 50005 nogatvely corrated wih D28,
Negative corraton betvieen Neuxoicis and corial -HT r60epcr.

‘COMT and 5-HTTLPR significantly related to RD2 scores by grouping.
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@2 290(147massand  Zuckerman-Kuiman-Auia Fourtagged sige-nuceoide poymorphisms (agSNPs), inckucing DRDA, were ralated 0
143 fomaies) Personaity Questiomnaie Neuroscism and the 4 12gSNPs, incuing DRD2 and DRDX, were assaciated with
Sensation Seoking,
@2)  otemaies NEO MAGA-u variabe rumber of tandem repeats (VNTR) polymorptism signcanty
assocated wilh tait Neurotcism. No associaions with COMT Val'* Met, 5-HTTLPR, o
DAT SUTR WNTR.
@20 eo0maies NEOFFI DRD# signifcanty rated 1o xtraversin, e DATT t0 agresabity.
@18 12768sujects  NEO-PLA and Ocoupatonal (Dopamine-system onl in cimali siress cosely related 1 personlty tra Neueoticsm
Personaity Questonnaite (OPQ)  and Exaversion. nfracton betwean dopaming and cimati demands signifcant
Opemessiintelect on OPQ scores.
@29 somaes o 5HT, receptor binding not assocated with ST/SA scores.
@5 3112w ‘Swedsh transiton of Schaler’s FFM  Oparess (1 exparience)associated wih serofonin-ransporterirked poymorphic:
rating scalo regon.
@20) 1139 (550 males and  Shortform Maudsky Personalty  Seolonin ransportr poymOrphisms (5 HTTLPR and rs25531) associated with
569 fomales) Inventory (VP) Netroticem in mles.
@2 69(51massand 18 NEO No assocation betwesn personalty tras and S-HT.R.
fomas)
@28) 14701 males g5 NEOPLRNEOF, Netroticsm posively associated with saotonin ansportr binding potental i mass,
fomaes) Pegaiely associated with serolonin transporte n females.
(29 44(2maesand?2  KaroirksaScdes of Personalty  Explcit associaions befwen the D23 and the trat mpusidy.
fomaes)
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poymorphsm.
@) 1576(675 mas and  Estorian version of Reveed NEO  Lower Nourotiem and highor Gonsclentiousnoss scores sgnficanty reated 1o
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@) e6@Bmisad  NEOFF Higher COMT enzymatic acivity (GG)related tolower Neuroscs, igher Agreesblensss,
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201 femaes) HAZ and toal RD scores sigaficanty associated with (58011914, No associions.
betwoen NS and the sdected SNPS.
e 12maes 0 Sgniicant conelation between DA synthes's abity 1 the vental sratum and NSS3.
) asswpcs Eysenci Personaity Questiomare. No sgcant resul.
PR
239 599 (41 missand  Zuckerman Kuhiman Personalty AR promoter polymorphisms not related {0 Sensaton soeking.
258 fomales) Questiomate ZKPO)
pi)  372males TGl and Eysenck personaity Saniicant associations between Sensation seeking and both §-HTTLPR and - HT2CR.
aquestonnate
@) 7201 maesandd1  NEOPLR Openness to experionce was roted DRD2-meiated tansmission.
fomas)
i) 2075 suects T Postivo comoaton betveen 5-HTT BPND and SD score.
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e 1084(07 masand TOI No sinifcant assocaton betwoon -141C ns/Dal polmorpism or the DRO2/ankytn
677 femaes) repeat and Kevase domain contaning 1 (ANKKI) Taq1 A palymarphsm and persoraly
trats, but an ANKK1  DRD2 iteracton afects TO scores
eie)  sR@EoOmsamd  TRQ No siniicant assocaton betwesn CKile 2nd TPQ scores.
262 femaes)
@i 1091 sujects ea No sinifcant resu.
pie)  20maes NEO ‘Sqriicant assocations between ko 5-HTT in tha dorsl raphe nudeus and both scaight
forwardness and trsing personlty.
pi9)  21@maesand1s  TOl HA score negatively orrlated with D213 recoptor avalabity.
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serctonin tansporter (SEAT)
5-tycrowyindoleacet acd 5-HIAR)

5HAR SERT

secctoni transporter (5-HTT) and the seotorin-
ransportr nked pomOrPIG 9N (5-
HITLPR)

4T

4T

The inron 2 (ST2) poymorphism o the
serctoni tansporer

STz polmorphism of the serotonin
wansporer

sHTT

the ssotonin transporter gene (SLOGAY)
sLom

sLosm

sosm

sLosn

SLOB, and Serotorin 24 receptor (HT.F)

sLom
sLoom

sLoem
sLosn

SHTTLPR
SHTTLPR
SHTTLPR
SHTILPR
sHTTLPR

SHTLPR

SHTILPR
SHTILPR
sHTLPR
5 HTTLPR and Serotonin 24 racoptor (5HTouf)
SHTLPR
SHTTLPR
SHTILPR
SHTTLPR

SHTTLPR
SHITLPR

SHITLPR

30,15 hoaty contros)

68 cepressed subjects

10 matched paics:

220 subjects

1,087 subocts

549 twins

258 (152 controk)

170 (99 heatiy contros)
66 (43 heatry contros)

98 subjcts

108 dopressed suiects
8atwing

100 50 heaty contros)
94 depressed subjects

137 dopressed sujects

4324 heatny controls)

36 depressed subjects

224 (150 heathy contros)

370 Paskinson's Diseaso patients
150 degressed suects

136 (68 heathy contros)

1,208 twins

316 (125 heathy controt)
4175 depressed suects

206 males

283 dopressed subjects
108 dopressed sujects
984 subjects

132 depressed sujects
104 dogressed sujects
121 (66 heatny contros)
1,111 subicts

7318 heatry contos)

57 (29 heatny contros)
160 degressed sujects

178 dapressad ssbistls

‘Compare 10 contics, MDD patents showed raducod SERT in
bran,

Lower 5-HIM preccted suicide atempt i MDD.

5 HiAR and SEAT doficency in deprossion.

Lower 5-HTT bicing related 10 5uicde and MDD, S-HTTLPR
el 10 MOD but ot 10 suicide o S-HTT biing.

‘Short alde of the §-HTT promte reted to dapressiv symptoms,
agnosatio depression, 5uiide, and stesstu e ovents.
Inchiculs expressing 2 shor (S) aleles most sensie 10 the
dopressogenc ofects of stesst o ovents.

The STn2 variant precicts suicide in MDD,

‘Signifcant diference h the genotype frequency of STA2.10/10in
oD,

Lower HTT biing potental proportoral 1 he nurmbes of
‘avalatio ransporters in indhickals ith chidhood abuse.
Dopressed mood curing the 2nd tmeste of pregrancy negatiely
‘conatod ith materal SLOGAA promolor methyaton tats.
‘SLOGAR methyaton status related o chidhood adversties and
oD,

‘Serotonn ransporte receptor gens methylaon vartion i
periphera bood leukooyes posiiey reated 0 depressie
‘symptom sevety.

‘Compared withhoatihy contls, no sgnicanty difered with MDD.
Rodiuced SLOBAY exprosson reled 1o mpared anfdepressant
reatment respons after 6 weeks.

‘SLOBA4 AA genotype and A-alol reted to anidopressant
response.

No sigpifcant assocatons wih MDD.

Trvoe candcate genes, ncuding SLOGAA reated to the eticogy of
MDD and suiide attempts n Crinse.

‘SLOBA allc varialons rlated to suicda eaton a MDD,

S genotype predics hgher depresson risk in Parkinson’s disease
No sificant associaions wih MDD,

S8 genotype and S alo of5-HTTLPR relted to MDD i chidren.
No assocation betwen &-HTTLPR and MOD.

L®.and S alee positely conelated vith MDD i patients:
exporencing modorat fo sovero o ovnts.

‘Sinifcant assocaton betwoon socal adversty and MDD
prevalonce,

Tho 34:tom Chidhood Trauma Questionnae (CTO) sco0r0 0 5-
HITTLPR vl are ndependent sk factors precicting sucide
attempt.

Associations among 5-HTTLPR poymorphisms, comortic
e, and sox i MOD.

5 HITLPR SS gonotype roated to poor antidepressant responso n
fomals.

‘Trauma was a sk facto or depressie symploms who caries S/S
orSIL genotype.

5HTox Avalllo associated wilh MDD, S-HTTLPR S alde
associated it gherimtabily scor.
Statisicalassociaton between MDD and 5-HTTLPR L aic,

No sigrificant associaions wih MDD.

Linited 10l of 5-HTTLPR in meciatng oflecs of adcescentpaent
realonshp on depressio symploms.

Decreased factonal ansotropy (FA)rested to S HITLPR-S Lin
oD,

SHTTLPR genotype rlted to mean methylaton lve's in MDD.
5 HTTLPR pohymorphisms roted to dysphora score on
Monigamery-Asberg epression Riting Scdle (MADRS)-
S-HTTLPR aenolyne predictive of resielance to SSAI reatment.
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Rarpingta Soses of Personslty
1o

NEOPIR
NEOFLR

PGPS COETGRAN. JORAEIGN: COPFITING WERGROND: B0 JOmpimnernt DUrmorony soone:
especaly n tho ight hemsphere.

DRDS exon I-621G/T poymorphism sigifcanty assocated with NS, with higher scores
for CIC genotype.

No assocation bowesn extraversion and DRDA poymorphisms.

Higher NEO Nauroticsm reted to &-HTTLPR poymorphism.

‘Sgricant association between DD exon I ong alo and NS scores.
Young mal with al e minor DRD2 aleles nd tho DRDA 7R alolsshow the most
signifcant difeence n NS scors.

No signifcant ifleence between D4 dopamine receptor DRDY) and the trat NS.

'DRD4 poymorptisms not eate 0 personaity tras,
Dopamine D4 receptor (DADR) poymorphic oxon I rekated o NS subscal of Exporatory
Exctabity.

Associaion betwoen NS scores and DADR polymorphisms.

Norepinaphrin transportr T-182G gena poymorphim was associted wih personalty
it RD in Koreans.

NET gene polmorphiss eated 1 extiaversion.





