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1. Introduction 

Traumatization can lead to psychiatric disorders such as depression; and yet, not 

every victim will develop a mental illness after exposure [Green, 1994]. Apart from 

the type of trauma and personal characteristics [Bromet et al., 1998], there seems to 

be a strong heritable component on how traumatization will affect the victim. A twin-

study investigating the influence of genetics in PTSD following trauma in subjects 

who served in Vietnam revealed an estimated heritability of 35 to 47% [Lyons et al., 

1993]. Also, empirical data have shown that anxiety and depression following 

traumatizing events have the quality to be transmitted to the victim’s progeny [Braga 

et al., 2012]. This would mean that traumatization, as an environmental shift, has the 

quality to modify certain molecular traits that can be inherited by the offspring, thus 

explaining their increased risk to develop similar psychiatric disorders. 

Newest studies have been investigating this possibility of inheritance of trauma. For 

instance, there are certain stress response profiles that are uniquely associated with 

PTSD, which appear to be transmitted to the offspring, even if it was not traumatized 

[Rodgers et al., 2013]. This stress response profile includes low levels of plasma 

cortisol and increased noradrenergic and adrenergic activity [Fink, 2011]. As a result 

of early-life influences, altered glucocorticoid levels also seem to have an impact on 

fetal brain development [Seckl, JR and Meaney, 2006].  

For this to be taken into consideration, it was imperative to recognize that, apart from 

the classical, Mendelian form of inheritance, non-genetic factors that modify gene 

expression without changing the sequence of the DNA are very likely to contribute to 

the transmission of parental traits, making the offspring’s genome sensitive to its 

environment [Rodgers et al., 2015]. These modifications, described in the field of 

epigenetics, are more frequent than genome mutations [Bennett-Baker et al., 2003].  

These recent discoveries on epigenetics have opened our understanding on trait 

heritability making adaptation to quick environmental changes a better 

understandable phenomenon. While the classical view of genetics depended on 

genome mutations that needed many generations to prevail, epigenetics appears to 

be a more flexible mechanism of gene regulation allowing the offspring to inherit 

parental acquired advantages. 

Notwithstanding, as Figure 1 displays, there are still other means for parental 

transmission of trauma that must be taken into consideration. For instance, parental 
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behaviour and parent-child interaction can affect progeny’s attitude towards 

traumatizing events, as well as its social environment [Hosman et al., 2009].  

Studies, mostly concentrating on holocaust survivors, pointed out a positive 

correlation between parental trauma and progeny’s mental impairment [Sorscher and 

Cohen, 1997; van Ijzendoorn et al., 2003; Braga et al., 2012; Dekel et al., 2013; 

Fossion et al., 2015; Ben-Ezra et al., 2012]. It was observed that although their 

children had not experience the Holocaust directly, a significant percentage suffered 

from psychiatric disorders associated with trauma, such as phobias or depression 

[Sorscher and Cohen, 1997]. The progeny of victims of the Holocaust who were 

tortured during captivity showed an even greater tendency to develop those 

psychiatric disorders compared to controls [Braga et al., 2012]. Moreover, the 

parent’s gender, the timing and manner of their disclosure to their children have 

shown an impact on the correlation between parent’s trauma and children’s disease 

[Sorscher and Cohen, 1997; Dalgaard and Montgomery, 2015]. However, one of the 

most important predictors for psychiatric impairment of the child is its own exposure 

to trauma. Children of traumatized parents exposed to trauma themselves have a 

greater chance of developing mental diseases [Dalgaard and Montgomery, 2015].  

The aim of this study is to discover whether childhood traumatization has an impact 

on the epigenetic machinery of the subjects. If epigenetic alterations in the cells after 

traumatization can be proven, the idea of a biological transmission of traumatization 

would become more likely. Additionally, we investigated whether depression, as one 

of the psychiatric diseases following traumatization, could also induce epigenetic 

alterations in the cells of the subjects. Both combined, we tried to set the ground for 

further investigations proving the transmission of psychiatric phenotypes through 

epigenetic changes in the cell. 

 

 

 

 

 

 

 

Figure 1. Mechanisms of parental trauma transmission (PTM= posttranslational modifications, 

NcRNA= Non-coding RNA). 
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2. Trauma transmission 

2.1. Psychological transmission of trauma 

Three mechanisms have been related to the transmission of trauma to the progeny: 

1. communication of the trauma to their offspring; 2. parental resilience and psychical 

working over; and 3. repercussions of trauma on second-generation experiences 

[Braga et al., 2012]. How parents communicate their traumatic experiences to their 

children has a great impact on how the family adapts to it [Sorscher and Cohen, 

1997]. Based on psychodynamic theories, researchers claimed that the lack of open 

communication about the parent’s past and their emotional withdrawal led to 

unconscious displacement of emotions, which eventually mediated the transmission 

of parental traumatization [Dalgaard and Montgomery, 2015]. Their trauma does not 

only lead to disrupted communication styles; it generally affects their child rearing 

capacities, including inadequate emotional reaction, impaired parent–child 

relationship or physical punishment [Roth et al., 2014]. Research showed that, when 

focusing on parent-child-interaction, mothers play a bigger role in transmitting their 

trauma. Depending on the level of traumatization, they seem to demonstrate either 

adaptive or negative communication skills, which can create a healthy environment 

for the child’s psychological growth or yields secondary traumatization [Sorscher and 

Cohen, 1997]. Apart from the parent’s gender, the timing and manner of their 

disclosure to their children have shown an impact on the correlation between parent’s 

trauma and children’s disease. However, one of the most important predictors for 

psychiatric impairment of the child is their own exposure to trauma. Children of 

traumatized parents who are exposed to trauma themselves have a greater chance 

of developing psychiatric diseases [Dalgaard and Montgomery, 2015]. 

2.2. Biological Transmission of Trauma 

Being capable to react to environmental changes through alterations in gene 

expression makes an individual more adaptable, improving well-being and survival. If 

the offspring encounters similar environments having inherited these gene 

modifications, it will be an advantage [Bohacek and Mansuy, 2015]. This approach 

seems to be a more plausible explanation for short term adaptation to environmental 

changes than classical genetics. Numerous investigations on the impact the 

environment has on an individual support altering gene expression without changing 

the DNA sequence.[Heard and Martienssen, 2014]. Four modes of epigenetic 
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inheritance have been discovered, these including paramutation, posttranslational 

histone modifications, DNA methylation, and RNA populations. The last three seem 

to possess the potential ability to respond to parental experiences and reprogram 

offspring’s reactivity, as described in Figure 2, implying transgenerational 

transmission [Jirtle and Skinner, 2007]. 

2.2.1. Paramutation 

One of the first epigenetic phenomena ever described was paramutation. While 

breeding corn, researchers came upon a specific trait that did not follow the 

Mendelian rules of genetics [Heard and Martienssen, 2014]. Since the classical 

mechanism of inheritance did not apply to this characteristic, investigations started 

using epigenetics to explain this phenomenon. By doing so, they were able to 

describe the underlying mechanism: paramutation generates variable phenotypes 

due to modulation of gene expression. On the other hand, a classical mutation, 

through the modification of the DNA sequence, can cause a complete loss in gene 

activity [Pilu, 2011]. This altered form of the allele, the paramutagenic allele, can 

transfer its state to the other allele, the paramutable allele, thus modifying its gene 

expression. The paramutable allele can be inherited by the next generation and is 

likewise capable of modifying the other allele, making it also a paramutagenic allele. 

It is through this mechanism that this epigenetic trait gains the capacity to be 

transmitted to following generations [Pilu, 2011]. An example of paramutation in 

mammals is seen in mice: Engineered Kit-gene mutants with lacZ-neo insertion, 

presenting with white spots due to reduced transcription of the Kit tyrosine kinase 

receptor important for melanogenesis, were crossed with wild type homozygotes, 

without the spots. Following many generations, the distribution of the white-spotted 

offspring did not go according to the classical laws of genetics, showing a greater 

percentage of white-spotted phenotypes than expected. However, gene analysis 

demonstrated that some individuals with two structurally normal wild-type alleles 

presented the mutated phenotype. Further analysis showed one of the alleles, the 

paramutated allele, showing decreased levels of polyadenylated mRNA of the Kit-

gene, thus behaving like the mutated allele [Rassoulzadegan et al., 2006]. 
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2.2.2. DNA Methylation 

In addition, there is growing evidence that epigenetic mechanisms also involve DNA 

methylation. Studies have shown that, although any part of the genome could be 

methylated in response to environmental exposure, some regions of the DNA are 

more likely to be methylated than others, a process called epimutation [Guerrero-

Bosagna et al., 2014]. Indeed, stable changes of DNA methylation patterns have 

been described suggesting, at least partly, heritable mechanisms. For example, mice 

exposed to maternal separation and to unpredictable maternal stress did not only 

demonstrate depressive-like behaviour later on; the early life stress also altered the 

methylation pattern of the corticotrophin-releasing factor receptor 2 (CRFR2) gene, 

decreasing its methylation and making the mice prone to elevated cortisol levels 

[Franklin et al., 2010]. Another study demonstrated how PTSD in human had an 

impact in the methylation patterns of the glucocorticoid receptor (GR) gene in T-

Lymphocytes. Compared with a control group, the subjects showed a decreased 

methylation in the GR gene, thus increasing the cell’s sensitivity to cortisol [Labonté 

et al., 2014].  

Considering the possibility of the inheritance of DNA-methylation patterns, 

experience dependent modifications of the epigenome that parents transmit to their 

children must be maintained through reprogramming events after fertilization. During 

these processes, DNA is massively demethylated in specific regions, showing 

methylation levels between 5 and 30 % [Lee et al., 2014]. However, imprinted genes 

and other not well known loci seem to remain methylated [Quenneville et al., 2011]. 

Methylation patterns may be inherited through this small percentage of not 

demethylated DNA. Indeed, 43% of hypomethylated differentially methylated regions 

known to be enriched in regulatory elements, persist and affect the gene expression 

of the progeny [Radford et al., 2014]. There are two big waves during which 

demethylation takes place. The first one occurs right after fertilization in the zygote, 

and the second one during the development of the germ cells [Toth, 2014]. If a 

methylation pattern could manage to be maintained even through the second 

demethylation wave, the transmission of acquired traits could be sustained across 

generations. 
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2.2.3. Posttranslational modification of histones 

Not only covalent modifications of the DNA have the property of reacting to 

environmental changes by regulating gene expression. Covalent modifications of 

histone proteins, like acetylation, methylation, or ubiquitination, have an influence on 

the accessibility of chromatin, thus regulating transcription [Andreoli and Del Rio, 

2014]. The level of posttranslational modifications (PTM) of histones also appears to 

be modulated by environmental factors and, in some cases, to be transmitted to the 

next generation. For example, PTMs of histones at the promoter of the 

mineralocorticoid receptor gene are altered in the offspring of mice exposed to 

traumatization and are linked to reduced gene expression through decreased 

acetylation levels [Gapp et al., 2014b]. The possibility of inheriting PTMs means that 

these histone modifications must be retained in germ cells and kept after fertilization. 

Apparently only a small percentage of histone proteins are retained in mammalian 

sperms: in humans approximately 10%, whereas in rodents it only sums up to 1% 

[Brykczynska et al., 2010]. It has been shown that this retention is critical to 

embryogenesis, specifically occurring at genomic regions like developmental gene 

promoters and imprinted loci [Hammoud et al., 2009]. One can only assume that the 

heritability of PTMs might be a method to afford parental control over the early 

development of their offspring [Rodgers and Bale, 2015]. However, it remains 

uncertain whether histone modification is a significant mechanism for epigenetic 

heritability. 

2.2.4. Non-coding RNA 

Apart from epigenetic mechanisms modifying either DNA or histones directly, there is 

a big group of epigenetic machinery capable of altering gene expression without 

covalent bonds: the non-coding RNA. This recently discovered category, long time 

thought to be genomic junk, was found to have important regulating properties 

[Peschansky and Wahlestedt, 2014]. “ncRNAs include small noncoding (snc) RNAs 

like micro RNAs (miRNAs), small interference RNAs (siRNAs) and piwi-interacting 

RNAs (piRNAs) as well as long non-coding RNAs” [Schmidt et al., 2015]. Each of 

them has different gene expression regulating mechanisms. For example, long 

ncRNA affects nuclear organization, miRNAs can interact with mRNAs to silence 

specific genes, and piRNAs are capable of regulating retrotransposon sequences 

[Bohacek and Mansuy, 2015]. Like DNA methylation and histone modifications, non-
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coding RNA populations in the cell are susceptible to environmental changes [Gapp 

et al., 2014a]. These modified ncRNAs can become stable elements of the 

epigenome through DNA methylation and/or histone PTMs, thus bringing many 

epigenetic pathways together [Bohacek and Mansuy, 2015].  

Being a specific gene silencer, miRNAs have gained popularity as an epigenetic 

mechanism to transfer environmental adaptability into the genome. They are 

populations of small 22 base pair RNA molecules [Nixon et al., 2015]. Their role as 

regulators of epigenetic heritability became notable after the discovery of the 

importance of paternal miRNAs in the zygote in early embryogenesis. They are 

essential for regulating the selective degradation of maternal mRNA [Liu et al., 2012]. 

The vital contribution of some sperm miRNA became clear after inhibiting them upon 

fertilization. This resulted in an impairment of the offspring’s development [Rodgers et 

al., 2015]. As already described, miRNAs perform their function pairing up with 

complementary sequences in mRNA molecules. Depending on how the miRNA 

molecules bind sequence-specific to mRNAs, these will either become destabilized 

by shortening of their poly(A) tail, degraded by cleavage of their strand, or their 

translation into proteins will become less efficient [Bartel, 2004; Schmidt et al., 2015]. 

Although miRNAs pair up sequence-specific to mRNA, they do not only target one 

mRNA. A single miRNA can regulate many genes. Consecutively, many miRNAs 

may interact with one gene, making gene regulation via microRNA very complex 

[Malan-Müller et al., 2013]. After the discovery of miRNA in sperm and their role 

interacting with maternal mRNA, research started imputing a bigger role to sperm 

miRNA in the regulation of gene expression, transmitting paternal epigenetic 

modifications into the offspring. For instance, paternal obesity in mice has been 

shown to increase the offspring’s risk to develop insulin resistance and obesity 

themselves even across two generations [Fullston et al., 2013]. Analysis of the 

paternal sperm of the obese mice exhibited altered expression of 4 specific miRNAs 

that had an influence on genes involved in lipid and carbohydrate metabolism, 

making epigenetic transmission through miRNA plausible [Fullston et al., 2013]. A 

study from Gapp et al. [Gapp et al., 2014a] investigated the effects of early life stress 

on male mice and on their progeny. After demonstrating behavioural changes in adult 

male mice after unpredictable separation from their mothers, as well as similar 

behavioural changes in the following two generations that were not stressed, they 

investigated whether these results could be associated with miRNA changes in their 
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sperm. This research showed altered miRNA compared with control subjects in the 

paternal, as well as in the progeny’s sperm. To proof how the altered miRNA could 

affect the offspring’s development, control mice were mated, and the purified sperm 

RNA of stressed mice was injected into the male pronucleus of the fertilized eggs. 

The so conceived progeny showed similar behavioural and metabolic changes to the 

stressed mice even across generations. 

2.3. Transmission of acquired traits in humans 

One of the first human studies that attempted to associate certain progeny’s 

phenotypes with a specific environmental impact on the parental generation was the 

Dutch Famine Birth Cohort Study [Veenendaal et al., 2013]. It reported not only that 

offspring born during the famine were smaller compared to those who were born 

before, but also that the following generation had a greater tendency to develop 

overweight [Veenendaal et al., 2013]. There is also a study in the Swedish Overkalix 

that focused on food abundance during a certain period of time and its influence on 

subsequent generations [Kaati et al., 2002]. If this occurred before male’s prepubertal 

peak growth, the second generation showed an increase in diabetes mortality [Kaati 

et al., 2002].  

Even if data seem to evidence parental transmission of a certain trait in humans 

[Veenendaal et al., 2013; Wei et al., 2015], there is still no direct molecular proof of 

an underlying epigenetic mechanism. Furthermore, there are maternal confounding 

factors that need to be taken into consideration in order to differentiate epigenetic 

responses to a specific environmental change from inheritance of epigenetic traits 

[Rodgers et al., 2013]. In order to prove the inheritance of epigenetic traits, 

epigenetic fingerprints of paternal environments in the progeny need to have been 

transmitted through the father’s sperm.  

Even if the mature spermatozoa do not possess the necessary tools for chromatin 

remodelling, epigenetic factors can be found in sperm, such as ncRNA, histone 

modifications and DNA methylation. These are possible mechanisms for the 

transmission of experienced environmental changes that occurred before fertilization 

[Skinner and Guerrero-Bosagna, 2009; Rodgers et al., 2013]. Latest research has 

been focusing on RNA populations, since they may be altered in mature sperm, 

though transcriptionally inert due to DNA condensation, through epididymosomes 

[Păunescu et al., 2014]. These epididymosomes are vesicles that are produced and 



 

9 
 

secreted by epididymal epithelial cells. They are involved in post testicular sperm 

maturation by transferring proteins and, as recently discovered, transporting miRNAs 

[Belleannee et al., 2013]. These seem to be selectively sorted by epithelial cells 

before being packed into epididymosomes, as research showed that the miRNAs in 

epididymosomes differ from their parent epithelial cell [Belleannee et al., 2013]. 

 

Fig. 2. Epigenetic mechanisms of transgenerational transmission of trauma through the sperm. 

Epigenetic changes in the sperm are highlighted in purple. After exposure to traumatizing events, the 

epigenetic state of the sperm is changed. Through posttranslational modification (PTM) of histones, as 

histone acetylation and histone methylation, the DNA accessibility is altered, leading to modifications 

in gene expression. The DNA strain itself is also methylated, impeding gene transcription. Epigenetic 

modifications after trauma also occur in epididymosomes, small vesicles secreted by epididymal 

epithelial cells containing ncRNAs, like miRNA; and are transferred into the mature sperm. Upon 

fertilization, these trauma-dependent epigenetic changes are transferred into the oocyte. While DNA 

methylation and PTM of the histones are partly preserved allowing them to influence gene expression, 

the miRNA of the sperm interacts with the oocyte’s mRNA blocking it, leading to an impaired gene 

translation. The result is a trauma-like phenotype similar to the father, but without having been 

exposed to trauma themselves. 

Indeed, studies have proven that epigenetic attributes in human sperm can reflect 

their environment and that changes reproduce a specific epigenetic response like 

histone covalent modifications, modifications in DNA methylation patterns or 

differential expression of non-coding RNAs. For example, studies on male fertility 

have shown that infertile men present abnormal histone modification and altered 

retention of histones [Nilsson and Skinner, 2015]. Further studies were able to 

demonstrate that another epigenetic mechanism is also altered in infertile men. After 
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comparing them with the fertile population, it became possible to associate broad 

DNA hypermethylation in specific loci with poor sperm concentration, motility and 

morphology [Houshdaran et al., 2007]. Additionally, there are studies measuring how 

aging changes sperm DNA methylation patterns, demonstrating that time can also 

leave its epigenetic mark on sperm. They revealed that when men get older, the 

methylation quantity of sperm’s DNA has a tendency to become globally reduced 

[Jenkins et al., 2014], thus having an impact in the outcome of their offspring. For 

example, this could be a possible explanation for the increased risk of having a child 

with bipolar disorder depending on the father’s age at the time of conception [Frans 

et al., 2008]. Another study focused on Heroin addicts and how this can change the 

epigenetic state of an individual and of its sperm. The authors found out that 

consuming heroin can lead to DNA hypermethylation in sperm, raising the question, 

whether addiction can be inherited through epigenetic mechanisms [Chorbov et al., 

2011].  

New studies have been able to prove that non-coding RNAs possess regulatory 

functions in sperm. For example, piRNAs are capable of suppressing mobile 

transposable elements during spermatogenesis, leading to an arrest of 

spermatogenesis if they are absent [Tahmasbpour et al., 2014; Jodar et al., 2013]. 

Apart from their role as a guide for spermatozoa’s development, they appear to be 

indispensable for their functioning, as there seems to be a specific miRNA expression 

profile in human sperm that can be associated with subfertility [Cui et al., 2015]. 

Furthermore, it has been possible to directly associate environmental changes to 

ncRNA adjustments. For example, it was possible to show a difference in the miRNA 

expression pattern of men living in environmentally polluted sites to those who do not 

[Li et al., 2012]. One of the biggest studies linking different environmental states with 

changes in the expression of miRNAs investigated the impact of cigarette smoking on 

sperm RNA. The authors were able to demonstrate the ability of miRNAs to react 

upon external influences, such as smoking [Marczylo et al., 2014]. 

Since epigenetic changes can be found in sperm, they can be transmitted upon 

fertilization to the progeny. This seems to be the case with In Vitro Fertilization, 

where the altered epigenetic state of infertile male patients can be associated with 

perinatal mortality, congenital anomalies and epigenetic abnormalities of their 

offspring [Carrell and Hammoud, 2009]. 
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3. Material and Methods 

3.1. miRNA probe description 

A total of 155 miRNAs were used for the following experiments (for complete list see 

Supplementary Table 1). 

3.2. miRNA processing 

The ethics statement, the preparation of plasma miRNAs, the profiling of plasma 

miRNAs, the data pre-processing, and the regressing out of technical parameters are 

described in [Ameling et al., 2015]. After preparing and profiling plasma miRNA, we 

used a two-step regression analysis during the computational analyses, which were 

implemented in R, to find a correlation between psychiatric phenotypes and the 

circulating plasma miRNAs. The miRNA processing consisted in the correction of 

technical influences, such as storage time and Ct values (threshold cycle, meaning 

the detection time in the Polymerase Chain Reaction) of synthetic miRNAs, which 

were then regressed out of the data. For this, the ΔCt values of the miRNA were 

used as dependent variables while the technical parameters were used as the 

independent variables. Our test persons came from the SHIP-TREND sample 

described in [Völzke et al., 2011]. This is a sample from a normal population of 

Western Pomerania including 372 subjects, as specified in Table 1. 

Table 1. Characterization of the SHIP-TREND sample. 

  Male Female Total 

187 185 372 

Age (years) 
Mean ± SD 49.3 ± 14.6 50.2 ± 13 49.7 ± 13.8 

Range 22 – 79 22 - 79 22 - 79 

BMI (kg/m³) 
Mean ± SD 27.6 ± 3.9 27.4 ± 5.0 27.5 ± 4.4 

Range 17.7 – 39 18.7 – 48.1 17.7 – 48.1 

MDD LT N (%) 17(9.1) 28(15.1) 45(12.1) 

PHQ_trend 
Mean ± SD 3.0 ±2.8 4.3±3.4 3.6 ±3.2 

Range 0-13 0-22 0-22 

CTQ 
Mean ± SD 32.6±7.4 32.6±10.3 32.2±8.9 

Range 25-74 25-93 25-93 

Abuse N (%) 9(4.9) 16.9 25(6.9) 

Neglect N (%) 22(12) 23(13.1) 45(12.6) 
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3.3. Significant miRNAs 

The results of the regression analyses were screened for significant associations 

between a certain circulating microRNAs and the previously mentioned variables to 

assess if psychiatric disorders such as depression or traumatization have an impact 

on the plasma microRNAs. To determine whether a correlation was significant or not, 

the p-value was set at p<0.05, instead of using the Benjamini-Hochberg-correction, 

like the previously mentioned study did. To see whether psychiatric phenotypes had 

an influence on plasma miRNA, this study focused on the following independent 

variables and their association with circulating miRNA: the Major Depressive Disorder 

lifetime prevalence (MDD LT), the score of the Patient Health Questionnaire 9 

(PHQ_trend) and the score of the Childhood Trauma Questionnaire (CTQ), as well as 

its subscales Abuse and Neglect. We used dimensional variables for PHQ_trend and 

CTQ, meaning that we sought to find a correlation between the plot distribution of the 

questionnaire’s results and the plasma miRNAs. MDD LT, as well as the CTQ 

subscales Abuse and Neglect, were dichotomous variables. The correlation between 

plasma miRNA and the psychiatric phenotypes was measured using linear 

regression while using the residuals after technical adjustment as dependent 

variables (see 3.2). In this case, the beta coefficient relates inversely to the 

concentration of miRNA, since the detection time was used for linear regression. The 

higher the detection time, the lower is the concentration of the miRNA in the probes.  

3.4. Patient Health Questionnaire 9 (PHQ_trend) 

A known method to screen the presence and severity of depressive disorders is the 

Patient Health Questionnaire 9, which consists of nine questions concerning the last 

two weeks prior to examination [van der Auwera et al., 2014]. The questions are 

about the levels of interest in doing daily things, hopelessness, difficulty falling 

asleep, levels of energy, of appetite, self-perception, capacity to focus, 

relentlessness, and at last about suicidal thoughts. The answers can be picked from 

“Not at all”, equalling 0 points, and “nearly every day”, representing 3 points. The 

result of the test is the sum of all the points of the nine questions, which means that 

the result rang goes from 0 to 27 [Kroenke et al., 2001].  
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3.5. Childhood Trauma Questionnaire (CTQ) 

The Childhood Trauma Questionnaire is a screening tool to describe the existence of 

a history of childhood abuse or neglect in the subject’s early life [Bernstein et al., 

2003]. The questionnaire consists of 28 items and is categorized in five different 

maltreatment types (subscales): emotional, physical and sexual abuse, and 

emotional and physical neglect, with five questions in each category. The last three 

items are used to screen for trivialization [Bernstein et al., 1994]. The subjects are 

asked to answer the questions regarding their lives as children, where the answer 

possibilities are stratified into a Likert scale from 1 to 5, 1 meaning “Not at all” and 5 

being “Very often”. The sum of the answers of each subscale equals its score. In 

addition to it, the severity of the maltreatment can be divided into four categories 

depending on the score (none=0, mild=1, moderate=2, severe to extreme=3) 

[MacDonald et al., 2016]. For our study, we used the total score of the questionnaire, 

as well as the abuse variable coded 0/1 (1 being at least moderate in one of the 

abuse subscales) and the neglect variable also coded 0/1 (1 being at least moderate 

in one of the neglect subscales). 

Table 3. CTQ and its subscales with the severity depending on the score [MacDonald et al., 2016] 

 
None Mild Moderate 

Severe to 

extreme 

Emotional abuse ≤8 9-12 13-15 ≥16 

Physical abuse ≤7 8-9 10-12 ≥13 

Sexual abuse 5 6-7 8-12 ≥13 

Emotional neglect ≤9 10-14 15-17 ≥18 

Physical neglect ≤7 8-9 10-12 ≥13 

 

3.6. Major Depressive Disorder lifetime (MDD LT) prevalence  

For our study, we tried to see the impact depression had on the miRNA of the 

subjects. To differentiate the miRNA set that changed with the disease rather than 

with the current mood, we used the Munich Composite International Diagnostic 

Interview [Wittchen et al., 1998]. This structured and standardized interview is used 

to evaluate the lifetime prevalence of mental diseases, such as Major Depressive 

Disorder, relying on the ICD-10 classification system, as well as on the DSM-IV 

[König et al., 2018]. 



 

14 
 

3.7. Replication of significant miRNA in the literature 

Since the Benjamini-Hochberg-correction was not used, it was necessary to 

investigate whether the results were reproducible. This was corroborated by 

screening the PubMed Central database (http://www.ncbi.nlm.nih.gov/pmc, as of 

29.01.2018) for any studies that displayed a significant correlation on each of the 

microRNA that had shown significant results with the mentioned psychiatric 

phenotype. The search was conducted using the specific name of the miRNA 

followed by “Major Depressive Disorder”, “depression”, as well as a combination of 

the terms “childhood” and “trauma”, “abuse” or “neglect”, each time using the logical 

conjunction “AND” between the terms. The results were quickly screened for their 

utility using the criteria displayed in Table 4. Experimental studies on humans or 

animals written in English that reported any link between the specific miRNA and only 

the previously mentioned psychiatric phenotypes were taken into consideration. 

Reviews, as well as paper in another language or that were not of free access were 

excluded. After that, the remaining articles were assessed for eligibility using again 

the inclusion and exclusion criteria while having a deeper look into the studies. 

Literature references of those studies that also met the criteria and were not found 

during the screening were also included. 

Table 4. Inclusion criteria of studies associating miRNAs with MDD or childhood traumatization. 

Inclusion criteria Exclusion criteria 

Experimental human studies 

Experimental animal studies 

Studies in English 

Studies on miRNAs 

Studies on MDD 

Studies on childhood traumatization 

Free-access studies 

Reviews 

Studies in languages other than English 

Studies on psychiatric phenotypes other than 

MDD or childhood traumatization 

 

3.8. miRNA target genes 

In order to prove the reproducibility of the results, miRTargetLink Human [Hamberg et 

al., 2016] (https://ccb-web.cs.uni-saarland.de/mirtargetlink/, as of 05.02.2018) was 

screened to query whether the microRNAs with a significant correlation to MDD  

lifetime prevalence or to the Questionnaires PHQ_trend, CTQ and its subscales 

Abuse and Neglect showed gene targets that had previously been associated with 
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these phenotypes. This tool uses experimentally validated miRNA-gene interactions 

as shown in the latest version of miRTarBase [Hsu et al., 2014], a database for 

miRNA’s gene targets that have been validated only through experiment. They 

separate their results in those with strong evidence and those with a weak evidence. 

The results are also displayed in an interaction network. For our study, we chose only 

results with a strong evidence. If not, this is otherwise specified. 

3.9. Replication of target genes in the literature 

To see if the common genes modulated by a specific miRNA were involved in genetic 

pathways leading to or modulating the previously mentioned psychiatric disorders, 

the PubMed Central (http://www.ncbi.nlm.nih.gov/pmc, as of 15.02.2018) was 

screened for studies displaying a relation between each of the genes and either 

MDD. The search was conducted using the gene symbol followed by “Major 

Depressive Disorder”, “depression”, as well as a combination of the terms “childhood” 

and “trauma”, “abuse” or “neglect”, each time using the logical conjunction “AND” 

between the terms. The results were quickly screened for their utility using the criteria 

shown in Table 5. Experimental studies on humans or animals written in English that 

reported any link between the specific gene or its coded protein and only the 

previously mentioned psychiatric phenotypes were taken into consideration. Reviews, 

as well as paper in another language or that were not of free access were excluded. 

After that, the remaining articles were assessed for eligibility using again the inclusion 

and exclusion criteria while having a deeper look into the studies. Literature 

references of those studies that also met the criteria and were not found during the 

screening were also included. 

Table 5. Inclusion criteria of studies associating genes/proteins with MDD or childhood traumatization. 

Inclusion criteria Exclusion criteria 

Experimental human studies 

Experimental animal studies 

Studies in English 

Studies on genes or their protein 

Studies on MDD 

Studies on childhood traumatization 

Free-access studies 

Reviews 

Studies in languages other than English 

Studies on psychiatric disorders other than MDD 

or childhood traumatization 
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3.10. Pathway tool 

Because a high number of miRNAs can modulate a gene, just like a high number of 

genes can be regulated by one miRNA, we included a miRNA pathway tool in our 

study to find out whether there were specific brain pathways that could be modulated 

by the miRNAs with a significant result. The search was conducted using the DIANA-

tools mirPath v.3 [Vlachos et al., 2015b] (http://snf-515788.vm.okeanos.grnet.gr/ as 

of 19.02.2018). This tool enables finding pathways that are affected by a differential 

expression of a specific miRNA as well as common pathways between multiple 

miRNAs. The tool uses two different databases for the pathways and three different 

databases for the miRNAs. We chose the Kyoto Encyclopaedia of Genes and 

Genomes (KEGG) pathways [Kanehisa et al., 2014] database since it does not only 

focus on cellular and metabolic processes but does also show miRNA protein 

interaction in cellular signalling such as synapses. The miRNA database we chose 

was DIANA TarBase v7.0 [Vlachos et al., 2015a] since this database has only 

experimentally proven gene targets of miRNAs, instead of relying on prediction tools. 

The set of significant miRNAs of each variable (MDD LT, PHQ_trend, CTQ, Abuse, 

Neglect) was uploaded to the software. The KEGG analysis was performed choosing 

“Human” as the species, 0.05 as the P-value threshold and the Benjamin-Hochberg’s 

False Discovery Rate. The button “pathway union” was chosen to find pathways 

modulated by at least 2 miRNAs. 

   

 

 

 

 

 

 

 

 

 

Figure 3. Summary of the methods applied. 

SHIP trend sample 

→total of 155 miRNA used 
→technical influences regressed out 

→ΔCt values of the miRNA as dependent variables 

Significant miRNAs 

→PHQ_trend and CTQ as dimensional independent variables 

→ MDD LT, Abuse and Neglect as dichotomous variables 

→Linear regression with p<0,05 

DIANA Pathway tool mirPath 
v3 

→KEGG pathway database 
→DIANA TarBase v7.0, “pathway union” 

and p-value threshold <0,05 

miRNA target genes 

→miR TargetLink Human 
→ search for common target genes 

between significant miRNAs 

Replication in literature 

→significant miRNA and “Major 

Depressive Disorder” and “Depression” 

or “Childhood Trauma/Abuse/Neglect” 

→selection through inclusion criteria 

Replication in literature 

→target gene and “Major Depressive 

Disorder” and “Depression” or “Childhood 

Trauma/Abuse/Neglect” 
→selection through inclusion criteria 
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4. Results 

4.1. MDD LT 

4.1.1. Significant miRNAs 

The results of the MDD LT showed a significant correlation with five miRNAs 

displaying a p-value under 0.05, as shown in Table 6. Four of the miRNAs (hsa-miR-

146b-5p, hsa-miR-629-5p, hsa-miR-144-5p and hsa-miR-142-3p) showed a higher 

concentration in subjects who have suffered from MDD while hsa-miR-125a-5p 

displayed lower concentrations. 

Table 6. Significant miRNAs of the variable “MDD LT”. It displays all the miRNAs with a p-value under 

0.05, as well as their corresponding p-value and their beta coefficient. The miRNAs were ordered 

according to their p-value from the lowest, which is shown on the top of the list, to the highest, on the 

bottom. The furthest right column shows the beta coefficient. Positive correlations of miRNA levels are 

displayed when β∆Ct < 0, since higher ∆Ct values indicate longer detection time, meaning lower 

miRNA levels. Negative correlations when β∆Ct >0, indicating higher miRNA levels. 

miRNA p-Value β∆Ct 

hsa-miR-146b-5p 0.0148241 -0.3512187 

hsa-miR-629-5p 0.0292706 -0.3283111 

hsa-miR-144-5p 0.0299596 -0.3047186 

hsa-miR-142-3p 0.0303698 -0.1910092 

hsa-miR-125a-5p 0.0481479 0.2466226 

 

4.1.2. miRNAs in the literature 

To corroborate the positive correlation between MDD and the five miRNAs that 

seemed to show a significant result, the PubMed database was screened.  

As Supplementary Table 2 shows, it was possible to find studies that also showed a 

differential expression of four (hsa-miR-125a-5p, hsa-miR-146b-5p, hsa-miR-144-5p, 

hsa-miR-142-3p) of the five miRNAs with a significant result in our study, three of 

them (hsa-miR-146b-5p, miR-144-5p and hsa-miR-125a-5p) were even displayed on 

more than one study. For example, [Enatescu et al., 2016] investigated whether the 

treatment of MDD patients with Escitalopram caused a differential expression in the 

miRNAs of the subjects. To do so, the miRNA expression profile of the plasma of five 

subjects with diagnosed MDD and no previous antidepressant treatment was 
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analyzed before and after 12 days of treatment and compared. Among their results, 

two of the miRNAs were also differentially expressed in our study (hsa-miR-146b-5p 

and hsa-miR-125a-5p), hsa-miR-146b-5p even showing a consistency in both 

studies, since it was upregulated in our study and appeared to be downregulated 

after 12 days of antidepressant treatment. Another study performed by [Wei et al., 

2016] used Flinders sensitive rats as subjects, since they show depressed-like 

behavior [Österlund et al., 1999], to investigate whether they showed differentially 

expressed miRNAs in the prefrontal cortex when compared to Flinders resistant rats. 

After further validation, the study showed that miR-125a-5p was downregulated in 

Flinders resistant rats, which is consistent with the results of our study. The other 

study [Smalheiser et al., 2014] treated rats that showed a Learned Helplessness 

phenotype either with an antidepressant (Enoxacin) or with a placebo and probed, 

whether there was a significantly differential expression in the miRNA in their frontal 

cortex after 8 days. Analogous to our study, this miRNA was upregulated in the rat’s 

brain after antidepressant treatment while showing a suppressed Learned 

Helplessness phenotype. Another study [Lopez et al., 2017] conducted on humans 

and corroborated on mice examined whether depressed patients who responded to 

antidepressant treatment with Escitalopram showed a differential expression 

compared to non-responders and to subjects treated with a placebo. [Lopez et al., 

2017] demonstrated that miR-146b-5p was downregulated in MDD subjects who 

were treated with Escitalopram and had a positive response to it, while in our study, 

using the variable MDD LT, subjects showed an upregulation of this miRNA.  
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Table 7. Literature mentioning the significant miRNAs of the variable “MDD LT” in their results. It 

shows a selection of the literature results, as well as the study design including the examined species 

and the results. The triangle shows if the miRNA was upregulated (red triangle pointing up) or 

downregulated (blue triangle pointing down) in our results. If our result and the result of the study 

coincide, the corresponding cell is filled green. For completeness see Supplementary Table 2. 

miRNA Study Species Study design Results 
Our 

result  

hsa-miR-
146b-5p 

[Enatescu 
et al., 2016] 

Human 

5 subjects with MDD - 
Escitalopram treatment, 

miRNA profiling day 0 vs day 
12 

downregulated after 
treatment 

 

[Lopez 
et al., 2017] 

Human 

1) 124 subjects with MDD 
treated with duloxetine vs 134 

MDD subjects treated with 
placebo - miRNA profiling  

downregulated only in 
responder after 

treatment, neither non-
responder, nor control 

group showed 
differentially expressed 
miRNAs -results in all 
cohorts corroborated 

 

2) 61 subjects with MDD - 
Escitalopram treatment, 
expression of 5 specific 

miRNA week 0 vs week 8 

3) 158 subjects with MDD - 
Escitalopram treatment, 
expression of 4 specific 

miRNA week 0 vs week 8 

Mouse 
4) Mice susceptible to social 
defeat treated with 20mg/kg 
Imipramine daily for 14 days 

hsa-miR-
125a-5p 

[Enatescu 
et al., 2016] 

Human 

5 subjects with MDD - 
Escitalopram treatment, 

miRNA profiling day 0 vs day 
12 

downregulated after 
treatment 

 

[Smalheiser 
et al., 2014] 

Rats 

12-14 rats per group - Saline 
vs 10mg/kg vs 25 mg/kg 

Enoxacin intraperitoneal daily 
for 8 days 

upregulated after 
treatment, while 

exhibiting a 
suppressed "Learned 

Helplessness" 
phenotype 

 

[Wei 
et al., 2016] 

Rats 

6 Flinders sensitive rats vs 6 
Flinders resistant rats - miRNA 

profiling plus validation of 9 
specific miRNAs (hsa-miR-

125a-5p among them) 

downregulated 
compared to Flinders 

resistant rats 

 

Legend: 
positive correlation 
with MDD LT 

negative correlation 
with MDD LT 

 

 

matched literature 
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4.1.3. miRNA target genes 

Since each miRNA can influence multiple genes and a gene can be influenced by 

multiple miRNAs, we tried to find common gene targets of all the significant miRNA 

results. For the variable MDD LT, the tool miRTargetLink Human [Hamberg et al., 

2016] used to look for common experimentally validated gene targets showed very 

few results with strong evidence. As Figure 5 shows, only miR-125a-5p and miR-

146b-5p had two common target genes with strong evidence: CDKN1A and TRAF6. 

To increase the chances of finding more genes that might be influenced by all the 

significant miRNAs, we opted to include results with weak evidence. In this case, we 

could see that all miRNAs interact with each other by influencing common genes. 

Each miRNA and the amount of interactions that were displayed when choosing both 

strong and weak evidence results are summarized in Figure 4, showing a total of 38 

genes and 78 miRNA-gene interactions. Among all the common genes, there were 

two genes that were influenced by more than two miRNAs: TMEM101 and 

TMEM136, two transmembrane proteins. These genes were regulated by the same 

miRNAs: miR-125a-5p, miR-142-3p and miR-146b-5p, as shown by Figure 6. 

 Results with strong evidence: 

 hsa-miR-146b-5p: 2 shared interactions  

 hsa-miR-629-5p: 0 shared interactions (excluded from network) 

 hsa-miR-144-5p: 0 shared interactions (excluded from network) 

 hsa-miR-142-3p: 0 shared interactions (excluded from network) 

 hsa-miR-125a-5p: 2 shared interactions  

 

 Results with strong and weak evidence: 

 hsa-miR-146b-5p: 16 shared interactions  

 hsa-miR-629-5p: 5 shared interactions  

 hsa-miR-144-5p: 3 shared interactions  

 hsa-miR-142-3p: 28 shared interactions  

 hsa-miR-125a-5p: 26 shared interactions  

Figure 4. Summary of the shared interactions between each miRNA and a target gene either only with 

strong evidence or also with weak evidence (source: https://ccb-web.cs.uni-saarland.de/mirtargetlink/, 

as of 05.02.2018). miRNAs with no interactions were excluded from the network in Figure 5, as 

specified next to the miRNA. 
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Figure 5. miRNA target gene network (source: https://ccb-web.cs.uni-saarland.de/mirtargetlink/, as of 

05.02.2018). All significant miRNAs of the variable MDD LT targeting the same gene with a strong 

evidence are displayed. The names of the miRNAs have a brown background. The names of the 

genes only targeted by two miRNAs have a blue background. A green line between the miRNA and 

the gene highlights the interaction.  

Figure 6. miRNA target genes network (source: https://ccb-web.cs.uni-saarland.de/mirtargetlink/, as of 

05.02.2018). All significant miRNAs of the variable MDD LT targeting the same gene with strong and 

weak evidence are displayed. The names of the miRNAs have a brown background. The names of the 

genes targeted by three or more miRNAs are displayed on an orange background, while those being 

only targeted by two miRNAs have a blue background. A line between the miRNA and the gene 

highlights the interaction. Green lines display strong evidence of interaction while blue lines denote 

weak evidence. 

4.1.4. Genes in the literature 

The previous results have demonstrated that the lifetime prevalence of MDD leads to 

a set of differentially regulated miRNAs, which all belong to an interaction network 

between them and multiple genes. Yet, it is still necessary to investigate whether the 

modulated genes have been associated with MDD. We conducted a literature 

research looking for studies confirming a differential expression either in the mRNA 

or in the protein levels of the genes of the network, as displayed in Supplementary 

Table 3. Since only two genes displayed a strong evidence of interaction between 
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them and some of the significant differentially expressed miRNAs, we will focus on 

those. One of the two genes was CDKN1A, Cyclin Dependent Kinase Inhibitor 1A, 

also known as p21. There were three different studies that created a connection 

between the gene and MDD. The first study [Epp et al., 2013] performed an 

experiment on humans, examining post-mortem the brains of 12 subjects with MDD 

and psychosis, other 12 MDD subjects without psychosis and 12 age-matched 

controls. They investigated whether there was a differential expression level of the 

protein p21 in the hippocampus of each of the groups and found an increment of the 

protein in the hippocampus of MDD subjects compared with the other two groups, 

displaying an even greater expression level in women. Also, they showed that there 

was an age dependent correlation to the protein expression levels, showing even 

higher levels of protein in older subjects suffering from MDD. Additionally, older 

female subjects had a significantly higher p21 concentration after antidepressant 

treatment. The authors explain this contradictory response to the antidepressant 

therapy with the age dependency, stating that this could explain why older people 

have a decreased response to the therapy compared to younger people. The 

increment in the p21 protein levels in the brain of MDD subjects goes along with the 

decreased number of neural cells. Another study confirming the role of CDKN1A in 

the pathogenesis of MDD was performed by [Pechnick et al., 2008] on mice. They 

treated mice with imipramine for 21 consecutive days having a control group treated 

with a saline solution, performed behavioural tests known to reveal depressive-like 

behaviour and measured the mRNA and protein expression levels of p21 in the 

hippocampus of the mice. Treatment with imipramine led to antidepressant-like 

behaviour, as well as a decreased p21 mRNA and protein levels in the hippocampus 

of the mice compared to control. In a further experiment, the authors created a p21-

null mouse line to compare the proliferation rates in the brain of these mice with the 

brain of wild-type mice, which was shown to be increased in the p21-null line. 

Another study [Pechnick et al., 2011] focused also on mice. Here, the authors also 

created a p21-null mouse line and compared them with wild-type mice after treating 

both groups with fluoxetine, imipramine or desipramine for 3 weeks. After the 

treatment, behavioural tests were performed, the rats were dissected and their 

hippocampi, as well as previously isolated neural progenitor cell cultures, were used 

to measure the expression levels of p21. They found out that p21 deletion in p21-null 

mice increased proliferation of neural progenitor cells compared to wild-type mice. 
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Treating wild-type mice with antidepressant drugs suppresses p21 expression and 

increases neurogenesis, comparable to the p21-null line. Since treatment of p21-null 

mice with antidepressant drugs did not show an increment but rather a decrement of 

neural proliferation, as well as no improvement of depressive-like behaviour, they 

hypothesise that the stimulation of neural proliferation caused by antidepressants is 

caused directly by a downregulation of p21 rather than a suppression of the Kinase 

Inhibitor.  

The other gene with strong evidence in the interaction with the miRNAs was TRAF6. 

Here, only one study [Birerdinc et al., 2012] displayed an association between 

depression and the gene. The study was performed on subjects diagnosed with 

chronic hepatitis C and suffering from a depressive disorder either before or after 

treatment with pegylated interferon-α and ribavirin, since depressive disorder could 

be a side effect of the IFN-α related treatment of the disease. In the study, the 

authors tested the mRNA levels of different genes in the peripheral blood 

mononuclear cells to see whether there was a differential expression between 

treatment associated depression and depressive disorders with no treatment 

association. It has been previously stated that IFN-α-induced depression is similar to 

MDD [Valentine et al., 1998], thus leading the authors to the hypothesis of a 

differential expression level between both groups. Among many other genes, TRAF6 

mRNA expression levels are seen to be upregulated in the group with treatment 

associated depression. Whether this finding can be reproduced in an MDD cohort is 

yet to be corroborated.  
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Table 8. Literature replication of the genes from the gene target network of the variable MDD LT. It 

shows a selection of genes with strong evidence of miRNA interaction and their literature results with 

gene symbol, as well as the study design including the examined species and the results. For 

completeness see Supplementary Table 3. 

Gene 
Symbol 

Study Species Study design Results 

CDKN1A 

[Epp 
et al., 2013] 

Human 

12 subjects with MDD without 
psychosis vs. 12 subjects with 

MDD with psychosis vs. 12 age-
matched controls; p21 

Immunochemistry 

Higher levels of p21 
expressing cells depending on 
the age in patients with MDD 
without psychosis and after 
antidepressant treatment 

[Pechnick 
et al., 2008] 

Mouse 
Subjects were treated for 21 days 
with saline solution or imipramine; 

p21 immunochemistry 

Treatment with imipramine 
showed antidepressant-like 

behavior as well as decreased 
p21 mRNA and protein levels 

in the hippocampus 

[Pechnick 
et al., 2011] 

Mouse 

Wild-type mice and p21-null mice 
were treated with fluoxetine, 

imipramine and desipramine for 3 
weeks; Neural Stem Cells were 

isolated form the hippocampus of 
both subjects; p21 Western blot 

analysis 

Decreased levels of p21 and 
improvement of depressed-like 
behavior in wild-type mice after 

treatment with 
antidepressants, Increased 

neural cell proliferation through 
downregulation of p21 in vitro 

TRAF6 
[Birerdinc 

et al., 2012] 
Human 

67 subjects with chronic hepatitis 

C and pegylated interferon-α and 

ribavirin treatment, 15 with pre-
treatment depression and 25 that 

developed depression during 
treatment; mRNA expression 

profile 

Treatment related depression 
caused upregulation of mRNA 

of TRAF6 

 

4.1.5. miRNA pathways 

Since miRNAs can modulate multiple genes, they can influence various cellular and 

metabolic processes. How big their influence is, depends on the number of genes 

implicated in a cellular or metabolic process that a specific miRNA can regulate. 

Additionally, it is important to consider how strong the evidence of interaction is 

between the miRNA and each of the genes. Figure 7 shows a heatmap of the 

different pathways that at least two of the significant miRNAs have in common, 

coding the p-value of the influence each miRNA has on each pathway in different 

colors. Here we can see that one miRNA, miR-125a-5p, has the biggest influence on 

most of the common pathways between all miRNAs, displaying 3 results with a 

Log(p-value) smaller than -5, including fatty acid biosynthesis and metabolism 

pathways, as well as hippo signaling pathway. The result with the most miRNAs was 

the adherens junction pathways, showing Log(p-value) close to 0. There was no 

brain-specific pathway among the results.  
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Figure 7. Heatmap of the significant miRNAs of the variable MDD LT and the common pathways 

influenced by at least two miRNAs (source: http://snf-515788.vm.okeanos.grnet.gr as of 19.02.2018). 

The heatmap shows which pathways are influenced by which miRNA. The bar on the upper left side 

displays the Log(p-value) also coding the different values in different colors. The smaller the p-value of 

the correlation between the miRNA and the pathway, the further into the red tones goes the color. The 

heatmap also categorizes the miRNAs in common subclasses and shows which pathways are affected 

by similar miRNAs. 
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4.2. PHQ_trend 

4.2.1. Significant miRNAs 

As Table 9 shows, there were 13 miRNAs that showed a significant correlation to the 

results in the Patients Health Questionnaire, thus coming under a p-value of 0.05. Of 

these, nine miRNAs showed a negative correlation (hsa-miR-143-3p, hsa-miR-10b-

5p, hsa-miR-17-5p, hsa-miR-29b-3p, hsa-miR-19b-3p, hsa-miR-324-3p, hsa-miR-

19a-3p, hsa-miR-16-2-3p, hsa-miR-106b-5p), and four a positive correlation (hsa-

miR-181a-5p, hsa-miR-125a-5p, hsa-miR-103a-3p, hsa-miR-423-3p). 

Table 9. Significant miRNAs of the variable “PH-Questionnaire”. It displays all the miRNAs with a p-

value under 0.05, as well as their corresponding p-value and their beta coefficient. The miRNAs were 

ordered according to their p-value from the lowest, which is shown on the top of the list, to the highest, 

on the bottom. The furthest right column shows the beta coefficient. Positive correlations of miRNA 

levels are displayed when β∆Ct < 0, since higher ∆Ct values indicate longer detection time, meaning 

lower miRNA levels. Negative correlations when β∆Ct >0, indicating higher miRNA levels. 

miRNA p-Value β∆Ct 

hsa-miR-143-3p 0.045167 -0.0404121 

hsa-miR-181a-5p 0.0089076 0.0376143 

hsa-miR-125a-5p 0.0134069 0.0334493 

hsa-miR-10b-5p 0.0218216 -0.0456326 

hsa-miR-17-5p 0.0259557 -0.035684 

hsa-miR-29b-3p 0.0289008 -0.0218017 

hsa-miR-19b-3p 0.029123 -0.0152418 

hsa-miR-324-3p 0.0291688 -0.0292549 

hsa-miR-103a-3p 0.0335445 0.0215117 

hsa-miR-19a-3p 0.0360113 -0.0146151 

hsa-miR-16-2-3p 0.0383576 -0.0278167 

hsa-miR-106b-5p 0.0406914 -0.0152763 

hsa-miR-423-3p 0.0407443 0.0266424 
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4.2.2. miRNAs in the literature 

After screening the PubMed database for literature corroborating the association of 

the miRNA with Major Depressive Disorder, only four of the 13 miRNAs with a 

significant result (miR-125a-5p, miR-17-5p, miR-29b-3p, miR-106b-5p) had been 

previously examined in other studies as shown in Supplementary Table 4.  

Table 10. Literature mentioning the significant miRNAs of the variable “PHQ_trend” in their results. It 

shows a selection of the literature results, as well as the study design including the examined species 

and the results. The triangle shows that the miRNA was upregulated (red triangle pointing up) in our 

results. If our result and the result of the study coincide, the corresponding cell is filled green. For 

completeness see Supplementary Table 4. 

miRNA Study Species Study design Results 
Our 

results  

hsa-miR-

17-5p   
[Roy 

et al., 2017] 
Human 

9 depressed suicide subjects 

vs 11 non-psychiatric control 

subjects - miRNA profiling 

upregulated compared to 

non-psychiatric subjects 

 

hsa-miR-

29b-3p  

[Wan 

et al., 2015] 
Human 

1) 6 subjects with MDD and no 

current treatment with 

antidepressants vs 6 healthy 

control subjects - miRNA 

profiling 

upregulated only in the CSF 

compared to healthy control 

subjects, no differential 

expression in peripheral 

blood 

 

2) 32 subjects with MDD and 

no current treatment with 

antidepressants vs 21 healthy 

control subjects 

miR-29b-3p showed no 

differential expression in 

peripheral blood 

 

hsa-miR-

106b-5p 

[Wan 

et al., 2015] 
Human 

1) 6 subjects with MDD and no 

current treatment with 

antidepressants vs 6 healthy 

control subjects - miRNA 

profiling 

downregulated only in the 

CSF compared to healthy 

control subjects, no 

differential expression in 

peripheral blood 

 

2) 32 subjects with MDD and 

no current treatment with 

antidepressants vs 21 healthy 

control subjects 

miR-106b-5p showed no 

differential expression in 

peripheral blood 

 

Legend: 
Positive correlation 
with PHQ-trend  

       

 

  

matched literature 
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Of the four miRNAs with significant results in the literature, only two (miR-125a-5p, 

hsa-miR-106b-5p) had more than one match with results coinciding with the ones in 

our study. Of these, miR-125a-5p was the miRNA with the most matches, showing 5 

literature results, two of them with coinciding results as described in 4.1.2. Another 

miRNA with differential expression in our study showing results in the literature 

research, miR-106b-5p, was described by [Wan et al., 2015]. Here, miR-106b-5p was 

downregulated in the cerebrospinal fluid of the MDD subjects which did not coincide 

with our results, where the miRNA was upregulated. However, the same study 

showed that miR-29b-3p was upregulated in the cerebrospinal fluid of the MDD 

subjects, matching the results in our study. In this study, miR-106b-5p and miR-29b-

3p did not show any significant result in the peripheral blood of the MDD subjects 

neither in the primary study, nor after repeating the experiment with a bigger sample. 

Another miRNA with a positive result in the literature that matched our results was 

miR-17-5p. [Roy et al., 2017] examined the miRNA profile of the Loci coerulei of 

depressed suicide subjects and compared them with those of non-psychiatric control 

subjects. Their results showed that miR-17-5p was upregulated in the depressed 

suicide subjects.   
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4.2.3. miRNA target genes 

miRNAs are capable of interacting with many different genes, thus influencing their 

expression levels. Additionally, one gene can be modulated by many different 

miRNAs, creating an interaction network. Using the tool miRTargetLink Human 

[Hamberg et al., 2016], we tried to identify a specific interaction network between the 

miRNAs that had displayed a significant result and common experimentally validated 

gene targets. This network seems to be quite extensive, showing a total of 57 genes 

and 148 miRNA-gene interactions as shown in Figure 7. Among all the miRNAs, 

there were two that displayed no gene interaction in the network: miR-324-3p and 

miR-16-2-3p. A total of 19 genes were modulated by more than two miRNAs as 

Figure 8 shows, these being the following (total amount of modulating miRNAs in 

braces): BCL (4), BCL2L11 (6), BMPR2 (3), CCND1 (3), CCND2 (3), CDNK1A (5), 

DNMT1 (4), ESR1 (3), IFNG (3), KAT2B (5), MMP (3), MYCN (3), NCOA3 (3), PTEN 

(7), SMAD4 (4), STAT3 (3), TP53 (3), VEGFA (4), ZBTB4 (3). 

Results with strong evidence: 

 hsa-miR-143-3p: 12 shared interactions  

 hsa-miR-181a-5p: 12 shared interactions  

 hsa-miR-125a-5p: 6 shared interactions  

 hsa-miR-10b-5p: 7 shared interactions  

 hsa-miR-17-5p: 31 shared interactions  

 hsa-miR-29b-3p: 17 shared interactions  

 hsa-miR-19b-3p: 16 shared interactions  

 hsa-miR-324-3p 0 shared interactions (excluded from network) 

 hsa-miR-103a-3p 3 shared interactions  

 hsa-miR-19a-3p 20 shared interactions  

 hsa-miR-16-2-3p 0 shared interactions (excluded from network) 

 hsa-miR-106b-5p 23 shared interactions  

 hsa-miR-423-3p 1 shared interactions  

Figure 7. Summary of the shared interactions between each miRNA and a target gene (source: 

https://ccb-web.cs.uni-saarland.de/mirtargetlink/, as of 05.02.2018). miRNAs with no interactions were 

excluded from the network in Figure 8, as specified next to the miRNA. 
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Figure 8. miRNA target gene network (source: https://ccb-web.cs.uni-saarland.de/mirtargetlink/, as of 

05.02.2018). All significant miRNAs of the variable PHQ_trend targeting the same gene with strong 

evidence are displayed. The names of the miRNAs have a brown background. The names of the 

genes targeted by three or more miRNAs are displayed on an orange background, while those being 

only targeted by two miRNAs have a blue background. A green line between the miRNA and the gene 

highlights the interaction.  

4.2.4. Genes in the literature 

The previous results have demonstrated that there is a link between the PHQ_trend 

score and various differentially regulated miRNAs, which all belong to an interaction 

network between them and multiple genes. Yet, it is still necessary to investigate 

whether the modulated genes have been associated with Major Depressive Disorder. 

We conducted a literature research looking for studies confirming a differential 

expression either in the mRNA or in the protein levels of the network genes, as 

displayed in Supplementary Table 5. Of the 57 genes that belong to the interaction 
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network, a total of 25 genes displayed at least one positive literature result 

associating the corresponding gene or its coded protein with MDD, 7 genes even 

showing 5 or more literature results. One of these genes, PTEN had 5 studies 

confirming a link to the previously mentioned psychiatric disorders. One of these 

studies [Karege et al., 2007] tried to show the effects MDD had on the protein 

expression of the brain, and if suicide completion affected this. For this, they 

performed a Western blot on the ventral prefrontal cortex of 20 suicide subjects and 

compared the results with those of 20 drug-free non-suicidal subjects. Of each group, 

10 subjects had been diagnosed with MDD ante mortem. They were able to show an 

increased activity of PTEN in depressed subjects, regardless whether they had 

committed suicide or not. In another example, [Garbett et al., 2015] used dermal 

fibroblast of either subjects diagnosed with MDD or of control subjects to assess 

whether the cells showed a differential expression on certain genes, PTEN included. 

They found out that MDD subjects showed a significantly downregulated PTEN gene 

in their fibroblast than the control subjects. One last study [Mellon et al., 2016] 

intended to display the effects of MDD on mononuclear cells of the peripheral blood. 

To do this, they recruited 20 subjects suffering from MDD but without a previous 

antidepressant treatment and compared them to a control group of age- and sex-

matched subjects. They were able to find out that PTEN was upregulated in the 

leukocytes of depressed patients compared to the control subjects. They performed 

another experiment to see if sertraline treatment had an impact on the differentially 

expressed proteins of depressed patients. PTEN did not show any significant change 

after treatment. 

Another gene showing results in the literature research was VEGF. Most of the 

studies linking VEGF to MDD were performed on humans. For instance, [Berent et 

al., 2014] recruited 38 MDD subjects and used another 38 healthy subjects as 

controls, while analyzing gene expression levels in their peripheral blood. They came 

to the result that subjects suffering from MDD displayed significantly higher VEGF 

mRNA and protein serum levels in the peripheral blood when compared to the control 

group. [Carvalho et al., 2014] found a very similar result. They analyzed the 

peripheral blood of 47 MDD subjects with no record of current antidepressant 

treatment searching for differentially expressed genes and compared the results with 

those of 42 healthy controls. As the previous study did, they also found out that 

VEGF was increased in MDD subjects. A third study focusing mainly on the same 
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hypothesis but recruiting a much larger group of subjects, came to the same result. 

When analyzing the blood of 155 subjects diagnosed with MDD and comparing the 

results with 280 healthy control subjects, [Elfving et al., 2014] were also able to 

measure significantly upregulated serum levels of VEGF in the subjects suffering 

from MDD. Contrary to the last studies, the following did not link increased VEGF 

serum levels, but decreased serum levels with depression. For example, [Kotan et 

al., 2012] performed experiments on the peripheral blood of 40 subjects with a 

diagnosed MDD and no current antidepressant therapy and of 40 healthy control 

subjects. They found out that VEGF expression levels decreased with increased 

MDD severity, measured with the Hamilton Depression Rating Scale (HDRS). The 

next study that focused on VEGF and depression was carried out by [Xie et al., 

2017]. They analyzed the peripheral blood of 437 subjects diagnosed with MDD and 

compared the results with those of 477 healthy control subjects. They used GWAS to 

find a SNP that is specifically related to VEGF in order to see if it had an influence on 

the pathogenesis of MDD. The authors found out that this SNP, which led to lower 

VEGF serum levels in the peripheral blood, was associated with an increased risk for 

depression. One last study [Huang et al., 2012] did not experiment on humans, but 

used mice, to find out whether an enriched environment had an antidepressant-like 

effect on the mice, and if so, whether this depended on differentially expressed VEGF 

serum levels. For the experiment, the authors subjected the mice to mild chronic 

stress and divided the subjects into two groups. One group was housed in a standard 

environment, while the other group was housed for 3 to 7 days in an enriched 

environment, which meant larger cages and more devices for the mice to play with. 

Short term housing in an enriched environment caused antidepressant-like effects in 

the mice after having suffered chronic mild stress. To find out whether VEGF 

influenced the antidepressant-like effects of the special housing conditions, the 

authors created VEGF-Receptor 2 Knockout mice and repeated the experiment with 

them. These mice did not show any antidepressant-like effects, even after being 

housed in an enriched environment. Using PCR, they measured the VEGF 

expression levels in the hippocampi of mice who had been housed in a standard and 

an enriched environment. Long Term housing in an enriched environment led to 

changes in the VEGF expression levels that were explained by the authors as 

followed: Housing in an enriched environment led to an increment in the expression 

levels of HIF1A, which leads to an increased expression of VEGF. 
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Table 11. Literature replication of the genes from the gene target network of the variable PHQ_trend. It 

shows a selection of the genes and their literature results with gene symbol, as well as the study 

design including the examined species and the results. For completeness see Supplementary Table 5. 

Gene 
Symbol 

Study Species Study design Results 

PTEN 

[Dwivedi 
et al., 2010] 

Human 

28 suicide subjects vs 21 
nonpsychiatric control subjects; 

mRNA Quantitation, Akt1 Assay and 
Western Blot 

PTEN's catalytic activity and 
phosphorylation state were 

decreased and the expression 
level was increased in the 
Prefrontal cortex and the 

Hippocampus of suicide patients 
compared to control 

[Garbett 
et al., 2015] 

Human 
16 subjects diagnosed with MDD vs 

16 healthy control subjects; 
microarrays 

PTEN was downregulated in the 
fibroblast of MDD patients 

compared to control 

[Karege 
et al., 2007] 

Human 

20 suicide subjects vs 20 drug-free 
non-suicide subjects - of each group 
10 subjects had been diagnosed with 

MDD antemortem; Western blot 

PTEN activity was significantly 
increased in depressed subjects 
(both suicide and non-suicide)  

[Le-
Niculescu 

et al., 2013] 
Human 

Suicide completers vs suicide 
attempters vs non-suicidal subjects; 

microarray 
PTEN is increased in suicidality  

[Mellon 
et al., 2016] 

Human 

20 subjects diagnosed with MDD 
without any antidepressant treatment 
vs 20 age and sex-matched control 

subjects - 17 subjects with MDD 
before and after 8 weeks of sertraline 

treatment; genome-wide 
transcriptional profiling 

PTEN was upregulated in 
leukocytes of subjects with MDD 

compared to control, no 
significant change in the 

expression level was measured 
after antidepressant treatment 

VEGFA 

[Arnold 
et al., 2012] 

Human 

566 subjects from the Alzheimer’s 
Disease Neuroimaging Initiative 

(ADNI) at baseline and after 1 year 
follow up; immunoassay and 

genotyping 

VEGF serum levels were 
upregulated in subjects with 

depressive symptoms compared 
the rest of the cohort 

[Berent 
et al., 2014] 

Human 
38 subjects diagnosed with MDD vs 

38 healthy control subjects; qRT-
PCR 

VEGF mRNA and serum level 
significantly higher in MDD 

subjects compared to control 

[Carvalho 
et al., 2014] 

Human 
47 medication-free melancholic MDD 

inpatients and 42 healthy controls; 
quantitative PCR 

VEGF expression levels were 
increased in subjects with MDD 

[Elfving 
et al., 2014] 

Human 
155 subjects diagnosed with MDD vs 

280 healthy control subjects; 
immunoassay 

VEGF serum levels were 
upregulated in subjects suffering 
from MDD compared to control 

[Halmai 
et al., 2013] 

Human 

34 subjects suffering from a Major 
Depressive Episode before and after 
4 weeks of antidepressant treatment; 

ELISA 

Baseline VEGF level was a 
significant predictor for the end 

point MADRS score, non-
significant result showing higher 

baseline levels in the non-
responder group 

[Huang 
et al., 2012] 

Mouse 

Subjects suffering from chronic mild 
stress and housed in Standard 

Environment vs Enriched 
Environment for 3 to 7 days; qPCR 

VEGF increase in the 
hippocampus of subjects housed 

in and Enriched Environment 
were associated with 

antidepressant-like effects 

[Isung 
et al., 2012] 

Human 
43 medication-free suicide 

attempters and 20 healthy male 
controls; immunoassay 

VEGF was significantly lower in 
suicide attempters and showed a 

negative correlation with 
depression severity 
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VEGFA 

[Kotan 
et al., 2012] 

Human 
40 drug-free subjects diagnosed with 
MDD vs 40 healthy control subjects; 

immunoassay 

VEGF expression levels 
decreased with increasing MDD 
severity, no significant results 
between MDD subjects and 

control  

[Muhie 
et al., 2017] 

Mouse 

Socially stressed subjects for 5- or 
10-days vs control subjects - 

experiments on day 1 or 10/42 
respectively after stress exposure; 

expression arrays, DNA methylation 
arrays and validation assays 

VEGF was upregulated in mice 
directly after acute and chronic 

social-stress exposure and 
downregulated after a few days 

[Xie 
et al., 2017] 

Human 
437 subjects with diagnosed MDD vs 
477 healthy control subjects; GWAS 

Specific VEGF-related SNP 
leading to lower serum protein 

levels was associated with 
increased risk for depression 

 

4.2.5. miRNA pathways 

Since miRNAs can modulate multiple genes, they can influence various cellular and 

metabolic processes. How big their influence is, depends on the number of genes 

implicated in a cellular or metabolic process that a specific miRNA can regulate. 

Additionally, it is important to consider how strong the evidence of interaction is 

between the miRNA and each of the genes. Figure 9 shows a heatmap of the 

different pathways that at least two of the significant miRNAs have in common, 

coding the p-value of the influence each miRNA has on each pathway in different 

colors. Here we can see that six miRNAs (miR-19a-3p, miR-19b-3p, miR-181a-5p, 

miR-106b-5p, miR-17-5p and miR-29b-3p) have an influence on most of the common 

pathways between all miRNAs. There were two pathways, fatty acid biosynthesis and 

metabolism pathways, being modulated by 8 or 7 miRNAs respectively, with a Log(p-

value) smaller than -5, both being thus the results with the most miRNAs. There were 

three brain-specific pathways among the results: Huntington’s disease, neurotrophin 

signaling and glioma pathways, as well as one pathway concerning the biosynthesis 

of steroids, each showing only few miRNA interactions with a Log(p-value) between 0 

and -5. The results displayed multiple interactions between miRNAs and different 

cancer pathways. 
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Figure 9. Heatmap of the significant miRNAs of the variable PHQ_trend and the common pathways 

influenced by at least two miRNAs (source: http://snf-515788.vm.okeanos.grnet.gr/ as of 19.02.2018). 

It shows which pathways are influenced by which miRNA. The bar on the left displays the Log(p-value) 

also coding the different values in different colors. The smaller the p-value of the correlation between 

miRNA and pathways, the further into the red tones goes the color. The heatmap also categorizes the 

miRNAs in common subclasses and shows which pathways are affected by similar miRNAs. 

4.3. Childhood Trauma Questionnaire 

4.3.1. Significant miRNAs 

As Table 12 shows, there were 7 miRNAs with a significant correlation to the result in 

the CTQ, thus coming under a p-value of 0.05. Five miRNAs (hsa-miR-144-5p, -miR-

2110, -miR-17-5p, -miR-501-3p, -miR-10b-5p) showed lower concentrations than the 

control group, while two (hsa-miR-103a-3p, -miR-107) had higher concentrations. 

Table 12. Significant miRNAs of the variable “CTQ”. It displays miRNAs with a p-value under 0.05, as 

well as their corresponding p-value and their beta coefficient (right column). The miRNAs were 

ordered according to their p-value. Positive correlations of miRNA levels are displayed when β∆Ct < 0, 

since higher ∆Ct values indicate longer detection time, meaning lower miRNA levels. Negative 

correlations when β∆Ct >0, indicating higher miRNA levels. 

miRNA p-Value β∆Ct 

hsa-miR-144-5p 0.0020740 -0.0165546 

hsa-miR-103a-3p 0.0042208 0.0100472 

hsa-miR-2110 0.0197741 -0.0133393 

hsa-miR-17-5p 0.0215467 -0.0133291 

hsa-miR-501-3p 0.0339920 -0.0117072 

hsa-miR-107 0.0368975 0.0068816 

hsa-miR-10b-5p 0.0378708 -0.0142052 



 

36 
 

4.3.2. miRNAs in the literature 

To corroborate the correlation between childhood traumatization and the seven 

miRNAs that displayed a significant result, the PubMed database was screened. The 

database screening showed no results linking the miRNAs of our study with 

childhood traumatization. Since childhood traumatization can lead to depressive 

disorders, we screened the database for studies linking the miRNAs of our study with 

depression. 

Table 13. Literature mentioning the significant miRNAs of the variable “CTQ” in their results. It shows a 

selection of the literature results, as well as the study design including the examined species, the 

tissue and the results. The triangle shows if the miRNA was upregulated (red triangle pointing up) or 

downregulated (blue triangle pointing down) in our results. If our result and the result of the study 

coincide, the corresponding cell is filled green For completeness see Supplementary Table 6. 

miRNA Study Species Study design Results 
 Our 

results 

hsa-miR-
144-5p 

[Wang 
et al., 2015] 

Human 

1) 169 subjects with MDD vs 52 
healthy control subjects - miRNA 

screening on 11 subjects with 
MDD and validated on the whole 

sample 

downregulated compared to 
healthy subjects 

 

2) 169 subjects with MDD before 
and after 8 weeks follow-up, 
partially with antidepressant 
treatment - measurement of 

mean plasma miR-144-5p level 

upregulated after 
improvement of symptoms, 

miR-144-5p showed an 
inversed correlation with the 

MADRS score 

 

[Katsuura 
et al., 2012] 

Human 

10 healthy subjects 7 weeks and 
1 day before, as well as 

immediately and 1 week after 
acute stress (examination for 
academic promotion) - miRNA 

screening 

significantly upregulated 
immediately after 

examination compared to 7 
weeks before 

 

hsa-miR-
17-5p 

[Roy  
et al., 2017] 

Human 
9 depressed suicide subjects vs 

11 non-psychiatric control 
subjects - miRNA profiling 

upregulated compared to 
non-psychiatric subjects 

 

hsa-miR-
107 

[Belzeaux 
et al., 2012] 

Human 

16 subjects with sever Major 
Depressive Episode (MDE) vs 13 

matched control subjects, 
comparison at baseline, week 2 
and week 8 - miRNA profiling 

upregulated comparing 
MDE subjects at baseline 

with controls  

 

[Smalheiser 
et al., 2011] 

Rats 

24 subjects, Learned 
Helplessness (LH) vs Non-
Learned Helplessness after 

repeated inescapable shocks, 
compared to tested controls (TC) 

- miRNA profiling 

upregulated only when 
comparing the LH group 

with the TC 

 

[Sun 
et al., 2016] 

Human 

32 subjects with MDD and no 
previous antidepressant 

treatment vs 32 healthy control 
patients with no family record of 

MDD - miRNA profiling 

expression positive 
correlated with HAMD-17 
score, with N1 latency of 
event-related potential 

P300 and with P2 latency of 
P300 

 

Legend: 
positive correlation 
with MDD LT 

negative correlation 
with MDD LT 

 matched literature 
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As Table 13 shows, only three (miR-144-5p, miR17-5p, miR-107) of the seven 

differentially expressed miRNAs were examined in other studies and showed a 

significant result. Of these, only two miRNAs displayed more than one literature 

result. For example, miR-107 was mentioned in three different studies. One of these 

[Belzeaux et al., 2012] performed an experiment on subjects with a severe Major 

Depressive Episode. Here, they examined whether there was a differential 

expression in the miRNAs of the peripheral blood compared to matched control 

subjects, as well as the difference in the miRNAs at baseline and after 2 and 8 weeks 

of treatment. The study showed an upregulation of miR-107 at baseline compared 

with the control subjects, thus not matching the results of our study. Likewise, Sun et 

al. [Sun et al., 2016] showed a differential expression of miR-107 in the peripheral 

blood leukocytes that positively correlated with the Hamilton Depression Scale 17 

(HAMD-17) score, as well as with the N1-latency of event-related potential P300 and 

with the P2-latency of event-related potential P300, the last two known to be 

associated with MDD [Urretavizcaya et al., 2003] and antidepressant response 

[Vandoolaeghe et al., 1998], which did not match the results of our study, where miR-

107 was downregulated in subjects when the CTQ score was used as the 

independent variable. One last study showing a differential expression of miR-107 

performed its experiments on rats. [Smalheiser et al., 2011] examined whether rats 

that presented Learned Helplessness after inevitable shocks in their behavior 

showed a significant differential expression in the miRNA profiling when compared 

with rats with Non-Learned Helplessness and with tested controls. The results 

exhibited an upregulation of miR-107 in the Learned Helplessness group when 

compared with the tested control. Another literature result [Wang et al., 2015] tested 

if the miRNA profiling in the plasma of MDD subjects showed a significant differential 

expression when compared with healthy control subjects. To be able to better focus 

the experiment, [Wang et al., 2015] performed a preliminary experiment with a small 

sample whilst screening the miRNAs in the plasma of MDD subjects. Only those 

miRNAs showing a significant result when compared to the control subjects were 

used for comparison in further experiments. Both the preliminary study and the 

already mentioned experiment presented a downregulation of miR-144-5p in the 

MDD subjects. In the following experiment of the same study, [Wang et al., 2015] 

compared the MDD cohort before and after 8 weeks of follow up, partially with 

antidepressant treatment. Here, miR-144-5p showed an inversed correlation with the 
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Montgomery–Åsberg Depression Rating Scale (MADRS) score in the subjects that 

presented an improvement of their symptoms, thus not coinciding with the results of 

our study, where miR-144-5p was upregulated. The last miRNA in our study with 

positive literature results was miR-17-5p. [Roy et al., 2017] examined the miRNA 

profile of the Locus coeruleus in depressed suicide patients and compared them with 

the miRNA in the Locus coeruleus of non-psychiatric control subjects. miR-17-5p was 

upregulated in this specific region of the brain in depressed suicide patients, hence 

displaying analogous results to our study.  

4.3.3. miRNA target genes 

Using the tool miRTargetLink Human [Hamberg et al., 2016], we tried to identify a 

specific interaction network between the miRNAs and common experimentally 

validated gene targets. miRNAs can modulate multiple genes and a gene can be 

influenced by many miRNAs. This is displayed in the interaction network between the 

miRNAs with a significant result in the variable CTQ and their target genes, showing 

a total of 16 genes and 35 miRNA-gene interactions as shown in Figure 10. Among 

all the miRNAs, there were three that displayed no gene interaction in the network: 

miR-144-5p, miR-2110 and miR-501-3p. A total of two genes were modulated by 

more than two miRNAs as Figure 11 shows, these being the following (total amount 

of modulating miRNAs in braces): KLF4 (3) and PTEN (4). 

 Results with strong evidence: 

 hsa-miR-144-5p: 0 shared interactions (excluded from network) 

 hsa-miR-103a-3p: 11 shared interactions  

 hsa-miR-2110: 0 shared interactions (excluded from network) 

 hsa-miR-17-5p: 7 shared interactions  

 hsa-miR-501-3p: 0 shared interactions (excluded from network) 

 hsa-miR-107: 13 shared interactions  

 hsa-miR-10b-5p: 4 shared interactions  

Figure 10. Summary of the shared interactions between each miRNA and a target gene (source: 

https://ccb-web.cs.uni-saarland.de/mirtargetlink/, as of 05.02.2018). miRNAs with no interactions were 

excluded from the network in Figure 11, as specified next to the miRNA. 
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Figure 11. miRNA target gene network (source: https://ccb-web.cs.uni-saarland.de/mirtargetlink/, as of 

05.02.2018). All significant miRNAs of the variable CTQ targeting the same gene with a strong 

evidence are displayed. The names of the miRNAs have a brown background. The names of the 

genes targeted by three or more miRNAs are displayed on an orange background, while those being 

only targeted by two miRNAs have a blue background. A green line between the miRNA and the gene 

highlights the interaction. 

 

4.3.4. Genes in the literature 

The previous results give a hint as to what extent childhood traumatization can 

influence the expression levels of various miRNAs, these belonging to an interaction 

network between them and multiple genes. Yet, it is still necessary to investigate 

whether the modulated genes have been associated with childhood traumatization. 

We conducted a literature research looking for studies confirming a differential 

expression either in the mRNA or in the protein levels of the genes of the network, as 

displayed in Table 14.  

 

 



 

40 
 

Table 14. Literature replication of the genes from the gene target network of the variable CTQ. It 

shows a selection of genes with literature results, gene symbol, as well as the study design including 

the examined species and the results. For completeness see Supplementary Table 7. 

Gene 
Symbol 

Study Species Study design Results 

BCL2L11 
[Suderman 
et al., 2014] 

Human 

12 subjects with a positive 
history of childhood abuse aged 

45y vs 28 subjects with no 
record of childhood abuse of 

the same age; promoter 
methylation analysis 

BCL2L11 was 
hypomethylated in 

subjects with a positive 
childhood abuse history 

DAPK1 
[Li 

et al., 2018] 
Rat 

Subjects suffering from chronic 
unpredictable stress injected 

with an DAPK1 inhibitor vs. No 
injection - DAPK1 knockdown 

rats vs control - uncoupled 
interaction between DAPK1 and 
the NDMA-receptor vs control; 

Western blot 

DAPK1 was upregulated in 
the medial Prefrontal 

cortex of subjects suffering 
from chronic unpredictable 

stress 

 [Lo Iacono 
et al., 2015] 

Mouse 

55 subjects exposed to 
maternal separation and 

housing with adult mouse for 30 
min as pups vs 62 subjects 
separated for 30 min from 

mother vs 26 unhandled pups; 
Microarray 

DAPK1 is differentially 
expressed in leukocytes 
after exposure to social 

stress in childhood 

TIMP3 
[Lo Iacono 

et al., 2015] 
Mouse 

55 subjects exposed to 
maternal separation and 

housing with adult mouse for 30 
min as pups vs 62 subjects 
separated for 30 min from 

mother vs 26 unhandled pups; 
Microarray 

TIMP3 is differentially 
expressed in leukocytes 
after exposure to social 

stress in childhood 

 

In general, not many studies could be found linking differential expression of one of 

the genes of our network with childhood traumatization. Only one study [Suderman et 

al., 2014] was able to corroborate the impact childhood abuse had on the expression 

levels of certain genes, including BCL2L11 of our study. Using subjects who had 

been abused during childhood and comparing their results with control subjects, they 

were able to show that subjects with a positive history of childhood abuse displayed 

hypomethylated levels of BCL2L11 in their peripheral blood. The other studies used 

animal subjects for their experiments, mainly focusing on the impact stress had on 

gene expression levels. One of the studies [Lo Iacono et al., 2015] caused the stress 

on mice as pups, using maternal separation, which could be interpreted as some kind 

of childhood traumatization. Here, the authors show differentially expressed genes in 

the leukocytes of the pups after being traumatized, including differential expression of 

the genes TIPM3 and DAPK1. 
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4.3.5. miRNA pathways 

Since miRNAs can modulate multiple genes, they can influence various cellular and 

metabolic processes. How big their influence is, depends on the number of genes 

implicated in a cellular or metabolic process that a specific miRNA can regulate. 

Additionally, it is important to consider how strong the evidence of interaction is 

between the miRNA and each of the genes. Figure 12 shows a heatmap of the 

different pathways that at least two of the significant miRNAs have in common. Here 

we can see three miRNAs, miR-103a-3p, -107, and -17-5p, have the biggest 

influence on most of the common pathways between all miRNAs. Figure 12 displays 

three results with a Log(p-value) around -10, including fatty acid biosynthesis, which 

is modulated by most of the miRNA among all pathways, and metabolism pathways, 

as well as prion disease pathway, which only displays one important interaction with 

a miRNA. There were two brain-specific pathways, neurotrophin signaling and glioma 

pathways, among the results, as well as one pathway concerning the biosynthesis of 

steroids, each showing only few miRNA interactions with a Log(p-value) between 0 

and -5. The results displayed multiple interaction between miRNAs and different 

cancer pathways.  

 Figure 12. Heatmap of the significant miRNAs of the variable CTQ and the common pathways 

influenced by at least two miRNAs (source: http://snf-515788.vm.okeanos.grnet.gr/ as of 19.02.2018). 

The heatmap shows which pathways are influenced by which miRNA. The bar on the left side displays 

the Log(p-value) also coding the different values in different colors. The smaller the p-value of the 

correlation between the miRNA and the pathway, the further into the red tones goes the color. The 

heatmap also categorizes the miRNAs in common subclasses and shows which pathways are affected 

by similar miRNAs. 
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4.4. Subscale Abuse of the CTQ 

4.4.1. Significant miRNAs 

The results in the subscale Abuse of the Childhood Trauma Questionnaire showed a 

significant correlation with 14 miRNAs from the testing pool, thus displaying a p-value 

under 0.05, as shown in Table 15. Five of the miRNAs (hsa-miR-501-3p, hsa-miR-

10b-5p, hsa-miR-497-5p, hsa-miR-2110, hsa-miR-144-5p) showed lower 

concentrations than in the control group, while nine miRNAs (hsa-miR-328, hsa-miR-

103a-3p, hsa-miR-106b-5p, hsa-miR-33a-5p, hsa-miR-142-5p, hsa-miR-30c-5p, hsa-

miR-423-3p, hsa-miR-425-5p, hsa-miR-181a-5p) displayed higher concentrations. 

Table 15. Significant miRNAs of the variable “Abuse”. It displays all the miRNAs with a p-value under 

0.05, as well as their corresponding p-value and their beta coefficient. The miRNAs were ordered 

according to their p-value from the lowest, which is shown on the top of the list, to the highest, on the 

bottom. The furthest right column shows the beta coefficient. Positive correlations of miRNA levels are 

displayed when β∆Ct < 0, since higher ∆Ct values indicate longer detection time, meaning lower 

miRNA levels. Negative correlations when β∆Ct >0, indicating higher miRNA levels. 

miRNA p-Value β∆Ct 

hsa-miR-501-3p 0.0007422 -0.7156397 

hsa-miR-328 0.0081429 0.4911501 

hsa-miR-103a-3p 0.0112471 0.3087926 

hsa-miR-10b-5p 0.0130742 -0.5733104 

hsa-miR-497-5p 0.0190641 -0.4760651 

hsa-miR-106b-5p 0.0193121 0.2094987 

hsa-miR-33a-5p 0.0196318 0.6090419 

hsa-miR-2110 0.023544 -0.5045061 

hsa-miR-142-5p 0.0281097 0.3175929 

hsa-miR-30c-5p 0.0320844 0.2417499 

hsa-miR-144-5p 0.0346625 -0.3834159 

hsa-miR-423-3p 0.03967 0.3123177 

hsa-miR-425-5p 0.0405534 0.1713399 

hsa-miR-181a-5p 0.0429083 0.3603724 
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4.4.2. miRNAs in the literature 

We did not find any studies connecting childhood traumatization with the significantly 

expressed miRNAs of our study. After screening the database for literature 

corroborating the association of the miRNA with depression, known to possibly follow 

abuse during childhood, only four miRNAs (miR-106b-5p, miR-33a-5p, miR-142-5p, 

and miR-144-5p) had positive results. 

As Table 16 shows, only three of the miRNAs had at least one literature result that 

coincided with the result of our study. For example, one study [Smalheiser et al., 

2012] performed an experiment on depressed suicide subjects whilst excluding in 

their experiments subjects with a history of antidepressant treatment. They matched 

their subjects with non-psychiatric control suicide subjects and screened the miRNA 

profile in the prefrontal cortex of all the subjects. When compared to the control 

subjects, the miRNA profiling showed a downregulation of miR-142-5p, thus 

matching our findings. Another study [Wan et al., 2015] with a result that matched 

ours, screened the cerebrospinal fluid and the peripheral blood of MDD subjects with 

no current antidepressant treatment for differentially expressed miRNAs and 

compared the results with healthy control subjects. They discovered that miR-106-5p 

was downregulated only in the cerebrospinal fluid of the subjects suffering from MDD, 

which was analogous to the findings of our study, where miR-106-5p was 

downregulated. In contrast, miR-106-5p did not show a significant differential 

expression in the peripheral blood of these subjects. [Wan et al., 2015] carried out 

another experiment in the peripheral blood of a bigger sample to validate their 

results, also without any significant result concerning miR-106-5p. Another study 

[Katsuura et al., 2012] showing a significant differential expression of miR-144-5p 

also had results similar to ours. They did not investigate the effects of chronic stress 

on the expression levels of miRNA, but rather how acute stress could cause a 

differential expression of miRNA in peripheral blood. [Katsuura et al., 2012] screened 

for differentially expressed miRNAs in the blood of 10 healthy subjects 7 weeks 

before an exam, 1 day before the exam, immediately after the exam, and 1 week 

after it. They found out that miR-144-5p was significantly upregulated immediately 

after the examination when compared with the measures 7 weeks prior to the 

examination. In our study, miR-144-5p was also upregulated  
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Table 16. Literature mentioning the significant miRNAs of the variable “Abuse” in their results. It shows 

a selection of the literature results, as well as the study design including the examined species, the 

tissue and the results. The triangle shows if the miRNA was upregulated (red triangle pointing up) or 

downregulated (blue triangle pointing down) in our results. If our result and the result of the study 

coincide, the corresponding cell is filled green. For completeness see Supplementary Table 8. 

miRNA Study Species Study design Results 
Our 

results 

hsa-miR-
106b-5p 

[Wan et al., 
2015] 

Human 

1) 6 subjects with MDD and 
no current treatment with 

antidepressants vs 6 healthy 
control subjects - miRNA 

profiling 

downregulated only in the 
CSF compared to healthy 

control subjects, no 
differential expression in 

peripheral blood 

 

2) 32 subjects with MDD and 
no current treatment with 

antidepressants vs 21 
healthy control subjects 

miR-106b-5p showed no 
differential expression in 

peripheral blood 

 

hsa-miR-
33a-5p  

[Wan et al., 
2015] 

Human 

1) 6 subjects with MDD and 
no current treatment with 

antidepressants vs 6 healthy 
control subjects - miRNA 

profiling 

upregulated only in the 
CSF compared to healthy 

control subjects, no 
differential expression in 

peripheral blood 

 

2) 32 subjects with MDD and 
no current treatment with 

antidepressants vs 21 
healthy control subjects 

miR-33a-5p showed no 
differential expression in 

peripheral blood 

 

hsa-miR-
142-5p 

[Smalheiser 
et al., 2012] 

Human 

18 antidepressant-free 
depressed suicide subjects 

vs 17 matched non-
psychiatric control subjects - 

miRNA profiling 

downregulated compared 
to control subjects 

 

hsa-miR-
144-5p  

[Wang et 
al., 2015] 

Human 

1) 169 subjects with MDD vs 
52 healthy control subjects - 

miRNA screening on 11 
subjects with MDD and 
validated on the whole 

sample 

downregulated compared 
to healthy subjects 

   

2) 169 subjects with MDD 
before and after 8 weeks 
follow-up, partially with 

antidepressant treatment - 
measurement of mean 

plasma miR-144-5p level 

upregulated after 
improvement of symptoms, 

miR-144-5p showed an 
inversed correlation with 

the MADRS score 

  
[Katsuura 

et al., 2012] 
Human 

10 healthy subjects 7 weeks 
and 1 day before, as well as 
immediately and 1 week after 
acute stress (examination for 

academic promotion) - 
miRNA screening 

upregulated significantly 
immediately after 

examination compared to 
7 weeks before 

 

Legend: 
positive correlation 
with MDD LT 

negative correlation 
with MDD LT 

 

 

 

matched literature 
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4.4.3. miRNA target genes 

Using the tool miRTargetLink Human [Hamberg et al., 2016], we tried to identify a 

specific interaction network between the miRNAs that had displayed a significant 

result and common experimentally validated gene targets. miRNAs can modulate 

multiple genes and a gene can be influenced by many miRNAs, thus creating a 

network. This is displayed in the interaction network between the miRNAs with a 

significant result in the variable Abuse and their target genes, showing a total of 23 

genes and 52 miRNA-gene interactions as shown in Figure 13. Among all the 

miRNAs, there were three that displayed no gene interaction in the network: miR-

501-3p, miR-2110, and miR-144-5p. A total of five genes were modulated by more 

than two miRNAs as Figure 14 shows, these being the following (total amount of 

modulating miRNAs in braces): BCL2L11 (3), CDNK1A (3), NOTCH1 (3), PTEN (4) 

and TWIST1 (3). 

Results with strong evidence: 

 hsa-miR-501-3p: 0 shared interactions (excluded from network) 

 hsa-miR-328-3p: 1 shared interactions  

 hsa-miR-103a-3p: 4 shared interactions  

 hsa-miR-10b-5p: 8 shared interactions  

 hsa-miR-497-5p: 6 shared interactions  

 hsa-miR-106b-5p: 10 shared interactions  

 hsa-miR-33a-5p: 2 shared interactions  

 hsa-miR-2110: 0 shared interactions (excluded from network) 

 hsa-miR-142-5p: 1 shared interactions  

 hsa-miR-30c-5p: 6 shared interactions  

 hsa-miR-144-5p: 0 shared interactions (excluded from network) 

 hsa-miR-423-3p: 1 shared interactions  

 hsa-miR-425-5p: 2 shared interactions  

 hsa-miR-181a-5p: 11 shared interactions  

Figure 13. Summary of the shared interactions between each miRNA and a target gene (source: 

https://ccb-web.cs.uni-saarland.de/mirtargetlink/ as of 05.02.2018). miRNAs with no interactions were 

excluded from the network in Figure 14, as specified next to the miRNA. 
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Figure 14. miRNA target gene network (source: https://ccb-web.cs.uni-saarland.de/mirtargetlink/, as of 

05.02.2018). All significant miRNAs of the variable Abuse targeting the same gene with a strong 

evidence are displayed. The names of the miRNAs have a brown background. The names of the 

genes targeted by three or more miRNAs are displayed on an orange background, while those being 

only targeted by two miRNAs have a blue background. A green line between the miRNA and the gene 

highlights the interaction.  

4.4.4. Genes in the literature 

The previous results show that the score on the subscale Abuse of the CTQ has an 

impact on a set of differentially regulated miRNAs, which all belong to an interaction 

network between them and multiple genes. Yet, it is still necessary to investigate 

whether the modulated genes have been associated with childhood traumatization. 

We conducted a literature research looking for studies confirming a differential 

expression either in the mRNA or in the protein levels of the genes of the network, as 

displayed in Table 17.  
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Table 17. Literature replication of the genes from the gene target network of the variable Abuse. It 

shows a selection of genes with literature results with gene symbol and gene description as in 

GeneCards (https://www.genecards.org/, as of 19.02.2018), as well as the study design including the 

examined species and the results. For completeness see Supplementary Table 9. 

Gene 
Symbol 

Study Species Study design Results 

DDIT4 
[Ota 

et al., 2014] 
Rat, Human 
and Mouse 

Subjects suffering from chronic 
unpredictable stress vs control 

- postmortem subjects 
diagnosed with MDD vs control 
postmortem subjects - DDIT4 

Knockout mice vs control 
suffering chronic unpredictable 
stress; Western blot and real 

time-qPCR 

DDIT4 was upregulated after 
exposure to chronic 
unpredictable stress 

NOTCH1 

[Delpech 
et al., 2016] 

Mouse 
Subjects undergoing brief daily 
separation vs control subjects; 

Western blot 

NOTCH1 was 
downregulated in subjects 
after brief daily separation 

compared to control subjects 

[Dias et al., 
2014a] 

Mouse 

Subjects subjected to foot-
shocks paired to a tone vs 

unpaired vs control subjects; 
real time qPCR 

NOTCH1-levels were 
decreased in the amygdala 

of subjects after fear 
conditioning facilitating fear 

memory 

[Steine 
et al., 2016] 

Mouse and 
Human 

Subjects suffering maternal 
separation vs control subjects - 

Subjects undergoing chronic 
mild stress vs control subjects - 

genotyping of 403 sexually 
abused subjects; microarray 

and SNP genotyping 

NOTCH1 was upregulated 
after early-life stress while 

elevated expression levels in 
victims of sexual abuse 

show a greater tendency to 
have comorbid anxiety or 

depression 

STAT3 
[Bordner 

et al., 2011] 
Mouse 

Subjects suffering from 
maternal separation with early 
weaning vs. Control subjects 
with no maternal separation 
and normal dated weaning; 

Microarray 

STAT3 was differentially 
dysregulated in mice after 
maternal separation with 

early weaning 

  
[Kwon 

et al., 2017] 
Mouse 

STAT3-Knockout subjects vs 
control subjects subjected to a 

restraint stress procedure; 
genotyping 

STAT3-knockout mice 
displayed a stress resistant, 
antidepressant-like behavior 

compared to control 

 

Three genes showed positive literature results on childhood traumatization, the first 

one, NOTCH1, even being described in three studies. For example, [Steine et al., 

2016] wanted to see what changes caused childhood abuse in the brain and in the 

peripheral blood of their subjects. For this they experimented on the brains of mice 

that had been separated from their mothers at early age, leading to an upregulation 

of the gene in their brains. To corroborate their results on human, they examined the 

blood of subjects who had been sexually abused during childhood. They were able to 

show that higher levels of NOTCH1 in the victims had a positive correlation with 
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comorbid anxiety and depression. Another study [Delpech et al., 2016] conducted an 

experiment on mice using brief daily separation from their mothers to see whether 

early life stress induced changes in the gene expression levels in the brain of the 

subjects. The separation led in the subjects to a downregulation of the gene in their 

brains. The last study [Dias et al., 2014a] tried to see what impact fear conditioning 

had on the gene expression levels. Here, they used foot shocks as stressors for the 

mice either pairing them with an auditory signal or without any signal. In their results, 

they describe that NOTCH1 were decreased in the amygdala of the subjects where 

fear had been conditioned using the auditory signal.  

4.4.5. miRNA pathways 

Since miRNAs can modulate multiple genes, they can influence various cellular and 

metabolic processes. How big their influence is, depends on the number of genes 

implicated in a cellular or metabolic process that a specific miRNA can regulate. 

Additionally, it is important to consider how strong the evidence of interaction is 

between the miRNA and each of the genes. Figure 8 shows a heatmap of the 

different pathways that at least two of the significant miRNAs have in common, 

coding the p-value of the influence each miRNA has on each pathway in different 

colors. Here we can see that four miRNAs, miR-103a-3p, miR-497-5p, miR-181a-5p, 

and miR-106b-5p, have the biggest influence on most of the common pathways 

between all miRNAs. Figure 8 displays four results with a Log(p-value) around -10, 

including fatty acid biosynthesis and metabolism pathways, as well as prion disease 

pathway and pathways in cancer, which only display one important interaction with a 

miRNA. The pathway with the most miRNA interactions was the p53 signaling 

pathway, being modulated by 8 of the 13 miRNAs. There was one brain-specific 

pathway, the glioma pathway, among the results, as well as one pathway concerning 

the biosynthesis of steroids, each showing only few miRNA interactions with a Log(p-

value) between 0 and -5. The results displayed multiple interaction between miRNAs 

and different cancer pathways. 
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Figure 15. Heatmap of the significant miRNAs of the variable Abuse and the common pathways 

influenced by at least two miRNAs (source: http://snf-515788.vm.okeanos.grnet.gr/ as of 19.02.2018). 

The heatmap shows which pathways are influenced by which miRNA. The bar on the upper left side 

displays the Log(p-value) also coding the different values in distinct colors. The smaller the p-value of 

the correlation between the miRNA and the pathway, the further into the red tones goes the color. The 

heatmap also categorizes the miRNAs in common subclasses and shows which pathways are affected 

by similar miRNAs. 
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4.5. Subscale Neglect of the CTQ 

4.5.1. Significant miRNAs 

As Table 18 shows, there were seven miRNAs that showed a significant correlation 

to the results in the subscale Neglect of the Childhood Trauma Questionnaire, thus 

coming under a p-value of 0.05. Five of the miRNAs (hsa-miR-144-5p, hsa-miR-

2110, hsa-miR-17-5p, hsa-miR-501-3p, hsa-miR-10b-5p) showed lower 

concentrations than in the control group, while two miRNAs (hsa-miR-103a-3p, hsa-

miR-107) displayed higher concentrations. 

Table 18. Significant miRNAs of the variable “Neglect”. It displays all the miRNAs with a p-value under 

0,05, as well as their corresponding p-value and their beta coefficient. The miRNAs were ordered 

according to their p-value from the lowest, which is shown on the top of the list, to the highest, on the 

bottom. The furthest right column shows the beta coefficient. Positive correlations of miRNA levels are 

displayed when β∆Ct < 0, since higher ∆Ct values indicate longer detection time, meaning lower 

miRNA levels. Negative correlations when β∆Ct >0, indicating higher miRNA levels. 

miRNA p-Value β∆Ct 

hsa-miR-144-5p 0.0037205 -0.4017327 

hsa-miR-136-5p 0.0103373 -0.5561279 

hsa-miR-543 0.0138723 -0.4809461 

hsa-miR-502-3p 0.0191103 0.3156195 

hsa-miR-199a-5p 0.0219884 -0.4112198 

hsa-miR-324-5p 0.0235439 -0.3523708 

hsa-miR-132-3p 0.0250393 0.3153123 

 

4.5.2. miRNAs in the literature 

There were no studies mentioning the miRNAs of our study as being differentially 

expressed after childhood traumatization. However, after screening the database for 

literature corroborating the association of the miRNAs with a significant differential 

expression in the subscale Neglect of the CTQ and depression, five miRNAs (miR-

144-5p, miR-543, miR-502-3p, miR-199a-5p and miR-324-5p) had positive results as 

shown in Supplementary Table 10.  
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Table 19. Literature mentioning the significant miRNAs of the variable “Neglect” in their results. It 

shows a selection of the literature results, as well as the study design including the examined species, 

the tissue and the results. The triangle shows if the miRNA was upregulated (red triangle pointing up) 

or downregulated (blue triangle pointing down) in our results. If our result and the result of the study 

coincide, the corresponding cell is filled green. For completeness see Supplementary Table 10. 

miRNA Study Species Study design Results 
Our 

results 

hsa-
miR-

144-5p 

[Wang 
et al., 2015] 

Human 

1) 169 subjects with MDD vs 
52 healthy control subjects - 

miRNA screening on 11 
subjects with MDD and 

validated on the whole sample 

downregulated 
compared to healthy 

subjects 

 

 

2) 169 subjects with MDD 
before and after 8 weeks 
follow-up, partially with 

antidepressant treatment - 
measurement of mean plasma 

miR-144-5p level 

upregulated after 
improvement of 

symptoms, miR-144-5p 
showed an inversed 
correlation with the 

MADRS score 

 

 [Katsuura 
et al., 2012] 

Human 

10 healthy subjects 7 weeks 
and 1 day before, as well as 
immediately and 1 week after 
acute stress (examination for 
academic promotion) - miRNA 

screening 

upregulated 
significantly 

immediately after 
examination compared 

to 7 weeks before 

 

hsa-
miR-
543 

[Svenningsen 
et al., 2016] 

Rats 

24 subjects receiving 
inescapable shock, of which 12 
showed Learned Helplessness 

(LH) vs 12 Non-Learned 
Helplessness (NLH), vs 12 
control subjects - miRNA 

profiling 

downregulated 
significantly in the 
lateral Habenula of 

subjects displaying LH 
compared to control, 
miR-543 did not show 

any differential 
expression in subjects 

displaying NLH 
compared to control 

 

hsa-
miR-

502-3p 

[Bocchio-
Chiavetto 

et al., 2013] 
Human 

10 subjects with MDD and no 
previous antidepressant 

treatment (AT) on week 0 vs. 
week 12 of escitalopram 

treatment showing response to 
AT - miRNA profiling 

upregulated after 12 
weeks of escitalopram 
treatment compared to 

week 0 

 

hsa-
miR-

324-5p 

[Dwivedi 
et al., 2015] 

Rats 

32 subjects being treated with 
corticosteroids once daily with 
a specific dose for 21 days vs. 

32 control subjects being 
treated only with the vehicle - 

miRNA profiling 

upregulated compared 
to control subjects 

 

 [Smalheiser 
et al., 2012] 

Human 

18 antidepressant-free 
depressed suicide subjects vs 
17 matched non-psychiatric 

control subjects - miRNA 
profiling 

downregulated 
compared to control 

subjects 

 

Legend: 
positive correlation 
with MDD LT 

negative correlation 
with MDD LT 

 

 

matched literature 
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As Table 19 shows, four of the miRNAs (miR-144-5p, miR-502-3p, and miR-324-5p) 

that were mentioned in the literature displayed at least one study with results 

coinciding with ours. For example, [Katsuura et al., 2012] studied the effects of acute 

stress on 10 healthy subjects undertaking an examination. They measured the stress 

level using the cortisol concentration in their saliva and performed a miRNA profiling 

in the peripheral blood of the subjects 7 weeks and 1 day prior to, as well as 

immediately after and 1 week after the examination. A significant upregulation of 

miR-144-5p could be measured immediately after the examination when compared to 

7 weeks before, coinciding with an upregulation in our results. There was a study 

showing significant results on miR-324-5p with a result that matched ours. This study 

[Dwivedi et al., 2015] tried to reproduce a state of chronic stress by treating rats with 

corticosteroids once daily with a specific dose for 21 days. At the end of the 21 days, 

the rats were decapitated, and a sample of pooled brain was used to screen for 

differentially expressed miRNAs when compared to rats that were treated with the 

vehicle of the solution and not with corticosteroids. They found out that miR-324-5p 

was upregulated in the brains of the rats that were treated with corticosteroids. There 

was another literature result showing results consistent with our findings. [Bocchio-

Chiavetto et al., 2013] compared the miRNA profile in the peripheral blood of 10 MDD 

subjects with no history of previous antidepressant treatment before and after 12 

weeks of Escitalopram treatment whilst showing a positive response to it. They were 

able to find a significant upregulation in miR-502-3p after the antidepressant 

treatment compared to week 0, which was congruent to our results, since we were 

able to show a downregulation of this miRNA when using the Neglect subscale of the 

CTQ as the independent variable.  

4.5.3. miRNA target genes 

For the variable Neglect, the tool miRTargetLink Human [Hamberg et al., 2016] used 

to look for common experimentally validated gene targets showed very few results 

with strong evidence. As Figure 17 shows, only miR-132-3p and miR-199a-5p had 

one common target gene with strong evidence: SIRT1. To increase the chances of 

finding more genes that might be influenced by all the significant miRNAs, we opted 

to include results with weak evidence. In this case, we could see that all miRNAs 

interact with each other by influencing common genes. Each miRNA and the amount 

of interactions that were displayed when choosing both strong and weak evidenced 
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results are summarized in Figure 16, leading to a network with a total of 37 genes 

and 75 miRNA-gene interactions. Among all the common genes, there was one gene 

that was influenced by more than two miRNAs: C8orf33, Chromosome 8 Open 

Reading Frame 33. This gene was regulated by the following miRNAs: miR-132-3p, 

miR-324-5p, and miR-502-3p, as shown by Figure 18. 

Results with strong evidence: 

 hsa-miR-144-5p: 0 shared interactions (excluded from network) 

 hsa-miR-136-5p: 0 shared interactions (excluded from network) 

 hsa-miR-543: 0 shared interactions (excluded from network) 

 hsa-miR-502-3p: 0 shared interactions (excluded from network) 

 hsa-miR-199a-5p: 1 shared interactions  

 hsa-miR-324-5p: 0 shared interactions (excluded from network) 

 hsa-miR-132-3p: 1 shared interactions  

 

 Results with strong and weak evidence: 

 hsa-miR-144-5p: 3 shared interactions  

 hsa-miR-136-5p: 12 shared interactions  

 hsa-miR-543:  9 shared interactions  

 hsa-miR-502-3p: 4 shared interactions  

 hsa-miR-199a-5p: 12 shared interactions  

 hsa-miR-324-5p: 17 shared interactions  

 hsa-miR-132-3p: 18 shared interactions  

Figure 16. Summary of the shared interactions between each miRNA and a target gene either with 

only strong evidence or with weak evidence (source: https://ccb-web.cs.uni-saarland.de/mirtargetlink/, 

as of 05.02.2018). miRNAs with no interactions were excluded from the network in Figure 17, as 

specified next to the miRNA. 

 

Figure 17. miRNA target gene network (source: https://ccb-web.cs.uni-saarland.de/mirtargetlink/, as of 

05.02.2018). All significant miRNAs of the variable Neglect targeting the same gene with a strong 

evidence are displayed. The names of the miRNAs have a brown background. The names of the 

genes only targeted by two miRNAs have a blue background. A green line between the miRNA and 

the gene highlights the interaction.  
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Figure 18. miRNA target gene network (source: https://ccb-web.cs.uni-saarland.de/mirtargetlink/, as of 

05.02.2018). All significant miRNAs of the variable Neglect targeting the same gene with strong and 

weak evidence are displayed. The names of the miRNAs have a brown background. The names of the 

genes targeted by three or more miRNAs are displayed on an orange background, while those being 

only targeted by two miRNAs have a blue background. A line between the miRNA and the gene 

highlights the interaction. Green lines display strong evidence of interaction while blue lines denote 

weak evidence.  
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4.5.4. Genes in the literature 

The previous results give a hint on the association between the score of the subscale 

Neglect of the CTQ and various differentially regulated miRNAs, which all belong to 

an interaction network between them and multiple genes. Yet, it is still necessary to 

investigate whether the modulated genes have been associated with childhood 

traumatization. We conducted a literature research looking for studies confirming a 

differential expression either of the mRNA or of the protein levels of the genes of the 

network, as displayed in Supplementary Table 11.  

The only common gene with strong evidence of interaction was SIRT1, which 

showed 4 literature results connecting it to early life or chronic stress. For example, 

[Lo Iacono et al., 2017] performed an experiment on mice to see whether early life 

stress, in this case early social isolation, had an impact on the gene expression levels 

of the brain and in the blood. Among their results, they showed that SRIT1 was 

downregulated in these subjects when compared to control, non-isolated subjects. In 

a second experiment, they corroborated whether this gene was associated with 

depression, leading to the conclusion that the SIRT1 expression levels in the 

peripheral blood negatively correlate with the severity of the depression in humans. 

The other studies focused on chronic adult stress rather than stress during childhood. 

In the study of [Liu et al., 2014], rats were subjected to chronic unpredictable stress, 

which led to a downregulation of the SIRT1 gene in the brain. Similar to that study, 

[Kim et al., 2016] used chronic social defeat on mice, showing rather elevated levels 

of SIRT1, but in the Nucleus accumbens after chronic stress, the mice displayed 

depressive-like behavior. The last study [Libert et al., 2011] used SIRT1-knock out 

mice to see how mice behaved. They described antidepressant- and anxiolytic-like 

behavior in the animals with no SIRT1 activity in the brain.  
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Table 20. Literature replication of the genes from the gene target network of the variable Neglect. It 

shows one of the genes with strong evidence of miRNA interaction and its literature results with gene 

symbol, as well as the study design including the examined species and the results. For completeness 

see Supplementary Table 11. 

Gene 
Symbol 

Study Species Study design Results 

SIRT1 

[Kim 
et al., 2016] 

Mouse 

Animals subjected to chronic social 
defeat stress vs control - animals 

suffering chronic social defeat stress 
treated with resveratrol vs no 

treatment - animals exposed to stress 
treated with EX-527 vs no treatment; 

immunoblotting 

SIRT1 expression levels were 
increased in the subjects 
displaying depression-like 

behavior after suffering from 
chronic social defeat stress 

compared to control 

[Libert 
et al., 2011] 

Mouse 
SIRT1 knockout subjects vs wildtype 

subjects; RT-PCR 

SIRT1 knockout mice showed 
antidepressant and anxiolytic-

like behavior 

[Liu 
et al., 2014] 

Rat 

Animals subjected to chronic 
unpredictable stress with no 

treatment vs treatment with H2S vs 
treatment with sirtinol; Western blot 

SIRT1 was downregulated 
after chronic unpredictable 
stress compared to control, 

elevated SIRT1 display 
antidepressant-like behavior 

[Lo Iacono 
et al., 2017] 

Mouse 
and 

Human 

Subjects suffering from early social 
isolation vs control subjects - 27 

subjects diagnosed with MD currently 
suffering from depression vs healthy 
control subjects; real time qRT-PCR 

SIRT1 expression levels were 
downregulated in the brain and 
peripheral blood mononuclear 
cells of the subjects who had 
suffered early life stress and 
correlates with the severity of 

depressive symptoms in 
humans 

 

4.5.5. miRNA pathways 

Since miRNAs can modulate multiple genes, they can influence various cellular and 

metabolic processes. How big their influence is, depends on the number of genes 

implicated in a cellular or metabolic process that a specific miRNA can regulate. 

Additionally, it is important to consider how strong the evidence of interaction is 

between the miRNA and each of the genes. Figure 19 shows a heatmap of the 

different pathways that at least two of the significant miRNAs have in common, 

coding the p-value of the influence each miRNA has on each pathway in different 

colors. Here we can see that one miRNA, miR-199a-5p, has the biggest influence on 

most of the common pathways between all miRNAs, displaying one results with a 

Log(p-value) smaller than -5, ECM-receptor interaction pathway. There was another 

result displaying Log(p-values) smaller than -5. This was the interaction between 

miR-502-3p and the Prion disease pathway. The results with the most miRNAs were 

the adherent junction and the hippo signaling pathways, showing Log(p-value) close 

to 0. There was no brain-specific pathway among the results.  
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Figure 19. Heatmap of the significant miRNAs of the variable Neglect and the common pathways 

influenced by at least two miRNAs (source: http://snf-515788.vm.okeanos.grnet.gr/ as of 19.02.2018). 

The heatmap shows which pathways are influenced by which miRNA. The bar on the upper left side 

displays the Log(p-value) also coding the different values in distinct colors. The smaller the p-value of 

the correlation between the miRNA and the pathway, the further into the red tones goes the color. The 

heatmap also categorizes the miRNAs in common subclasses and shows which pathways are affected 

by similar miRNAs. 
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5. Discussion 

For a long time, it has been known that early traumatization can lead to psychiatric 

disorders even in the victim’s progeny. It was not until recently that research started 

inquiring the possibility of a biological transmission of these traumatic experiences. 

Latest discoveries have highlighted the link between environmental changes and 

modifications in gene expression, with epigenetics as the underlying machinery 

needed [Rodgers et al., 2015]. This leads to a better adaptability of the subject, 

improving its chances of survival. Being this an advantage for the new living 

conditions, it would be reasonable to think that parents seek to transmit this adapted 

gene expression to their offspring, since this would also mean a better adaptiveness 

for their progeny [Godfrey et al., 2007].  

Research into epigenetic transmission of acquired traits is an emerging field and 

most of the latest findings have helped change our concept of genetics drastically, 

since environmental adaptation of the species leads to molecular adaptation of the 

DNA. If nourishment, smoking, or even other habits, may have an influence on our 

progeny, it may be possible that other situations, like traumatic experiences during 

childhood, can be transmitted to the next generation [Veenendaal et al., 2013; Wei et 

al., 2015; Marczylo et al., 2014]. Recent discoveries have shown that epigenetic 

mechanisms such as paramutation, posttranslational histone modifications, DNA 

methylation patterns, and populations of small noncoding RNAs possess the quality 

to convey these external changes to the genome in order to regulate the expression 

of certain genes [Rassoulzadegan and Cuzin, 2015; Lane et al., 2014]. To prove the 

potential of epigenetic changes in the genome as a path to transmit paternal 

adaptation to the environment to its progeny, studies have started analysing sperm. 

After demonstrating that epigenetic modifications were measurable after concrete 

environmental modifications, sperm ncRNA has caught particular attention  [Salas-

Huetos et al., 2014]. Compared to other mechanisms, RNA-dependent changes in 

gene expression are more accessible and easier to duplicate. For example, in in vitro 

fertilization following microRNA injection, offspring have a similar phenotype to that of 

the microRNA donor [Gapp et al., 2014a].  

Transgenerational transmission of trauma is the result of a complex interaction 

between psychological and biological mechanisms. Multiple studies have focused on 

the parental behaviour, as well as the parent-child-relationship, that lead to 

psychiatric impairment of their children. Nevertheless, little is known about the role 
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epigenetics play in the heritability of traumatization. This research field is still 

developing, particularly with animal models as its main source of findings. Up to date, 

not much research has been done on humans, mostly due to long generation times 

and the lack of accuracy on record keeping [Wei et al., 2015]. For this reason, it is 

important to focus future investigations on epigenetic mechanisms in humans 

regarding inheritance of childhood traumatization.  

The aim of this study was to assess how childhood traumatization changed the 

expression profile of the miRNA in the peripheral blood. In the first step, we 

investigated whether it was possible to describe an association between childhood 

adversities, or depression as a possible outcome of early life traumatization, and 

changes in the miRNA expression profiles of the peripheral blood. For this, we used 

the MDD lifetime prevalence, scores of the PHQ_trend, the CTQ and its subscales 

Abuse and Neglect, as independent variables, while using the concentration of a 

previously defined set of 155 miRNAs as the dependent variable. Furthermore, we 

performed a literature research to see if the differentially expressed miRNAs with a 

significant result in our study had been described as influenced by childhood 

traumatization or depression. Since the influence the miRNAs have on the disease 

are linked through differential expression of certain genes, it was important to find out 

if the set of differentially expressed miRNAs had common target genes and, if so, 

whether some of these genes had been previously described in the literature as 

being differentially expressed after childhood adversities or as playing a role in the 

pathogenesis, sustainment or treatment of MDD. In the last step, we wanted to see if 

the differentially expressed miRNAs of our study influenced genes involved in specific 

biological pathways, even if together they did not alter the expression of the same 

gene, and whether these pathways could be linked to brain functioning.  

We were able to find differentially expressed miRNAs in the peripheral blood of our 

subjects associated with MDD and the score of the questionnaires we used with 

significant results. These results suggest that early life stress, as well as depression, 

induce changes in the epigenetic machinery of the cells that can be measured in the 

peripheral blood of the subjects. Nonetheless, there was no miRNA that displayed 

significant results in all the independent variables used in this study. The fact that not 

every traumatization leads to depression and not every depressed subject was 

traumatized in their early life might be the reason why not every questionnaire led to 

the same set of differentially regulated miRNAs. Another possibility might be, that the 
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reaction to early life adversities and depression do not leave their fingerprint in 

miRNA, but rather on other epigenetic mechanisms, such as DNA-methylation. Since 

biological transmission of traits can be seen as a very complex system involving 

multiple transmissible DNA and gene expression changes, it will be necessary, for 

future studies, to investigate how other epigenetic processes modulate trait 

transmission. The miRNAs used for comparison that were differentially expressed in 

more than one of the questionnaires are displayed in Table 21. Here we see that only 

one miRNA, miR-144-5p, was present in all the questionnaire results but one 

(PHQ_trend). We found literature describing this miRNA as being dysregulated in 

stressed or depressed patients, similar to our study. The only result matching ours 

was from a study investigating the effects of acute stress on the miRNA expression 

profile [Katsuura et al., 2012]. Since stress is a common phenotype in depression 

and traumatization, this miRNA could symbolize the link between chronic stress and 

depressive mood disorder [Voorhees et al., 2013]. The other study came to the 

conclusion that miR-144-5p was downregulated in patients with MDD and 

upregulated after successful treatment of the disease [Wang et al., 2015]. Attention 

should also be put on miR-125a-5p, which was downregulated in our study. This 

miRNA was mentioned in literature results and is shared in both MDD LT and 

PHQ_trend. Most of the studies matching ours were performed on animals 

[Smalheiser et al., 2014; Wei et al., 2016], while those performed on humans [Wan et 

al., 2015; Enatescu et al., 2016] did not coincide with our result. This could be due to 

the small sample of most of the studies, while our study was carried out on more than 

300 subjects. Another reason for the contradictory results might be the assessment 

of these subjects. While the studies used clinical subjects with diagnosed MDD, our 

study was performed on a general population having only small groups of subjects 

with a positive phenotype that depended on their general prevalence. Additionally, 

we performed a cross sectional study, while the others had a rather experimental 

design. Further experiments would be needed to confirm whether miR-125a-5p is a 

predictor of depression in humans.  

One of the biggest difficulties in corroborating our result with literature results was the 

lack of studies connecting differentially expressed miRNA sets with childhood 

traumatization. Future studies concentrating directly on this link will be needed to 

demonstrate the impact childhood trauma has on the epigenetic machinery, 

especially on miRNAs.  
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Table 21. miRNAs among our results that displayed a differential expression in more than one 

independent variable. In only one case (miR-106b-5p) the β-values did not have matching signs. 

miRNA Repeats Independent variable Result 

hsa-miR-144-5p 4 MDD LT, CTQ, Abuse, Neglect Upregulated 

hsa-miR-103a-3p 3 PHQ_trend, CTQ, Abuse Downregulated 

hsa-miR-10b-5p 3 PHQ_trend, CTQ, Abuse Upregulated 

hsa-miR-106b-5p 2 PHQ_trend, Abuse - 

hsa-miR-125a-5p 2 MDD LT, PHQ_trend Downregulated 

hsa-miR-17-5p 2 PHQ_trend, CTQ Upregulated 

hsa-miR-181a-5p 2 PHQ_trend, Abuse Downregulated 

hsa-miR-2110 2 CTQ, Abuse Upregulated 

hsa-miR-423-3p 2 PHQ_trend, Abuse Downregulated 

hsa-miR-501-3p 2 CTQ, Abuse Upregulated 

 

5.1. MDD LT 

We tried to find out whether one of the psychiatric diseases, Major Depressive 

Disorder, showed differentially expressed miRNAs in the blood of the subjects when 

compared to the control group. We found a set of miRNAs that were either up- or 

downregulated in subjects with a positive diagnosis. Of these 5 miRNAs, we were 

only able to replicate our results in other studies in 4 of the miRNAs. Since they 

described this miRNA as displaying lower concentrations in successfully treated MDD 

patients,  [Enatescu et al., 2016; Lopez et al., 2017] also suggested that this miRNA 

could be upregulated in patients with MDD. 

Additionally, the database miRTargetLink Human [Hamberg et al., 2016] showed only 

two common target genes among the miRNAs with strong evidence: CDKN1A and 

TRAF6. Searching through the PubMed database, we were able to link these genes 

with depression. In the literature, Patients with TRAF6 show an upregulation when 

associated with depression and chronic hepatitis C after treatment [Birerdinc et al., 

2012]. While literature associated with TRAF6 showed an upregulation of TRAF6, 

studies linked higher expression levels of CDKN1A to MDD, as well as depressed-

like behaviour in animals [Epp et al., 2013; Pechnick et al., 2011; Pechnick et al., 

2008]. When target genes with weak evidence were included in the research, a large 

network of interaction between the significant miRNAs and various genes were 

displayed. The genes that seemed to be in the middle of the network (TMEM136 and 

TMEM101), since they were targeted by more miRNAs, could not be linked to MDD 

in the literature. Nevertheless, other genes amid the network had previously been 
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described by other studies as key players in pathogenesis and sustainment of MDD. 

Furthermore, we were not able to confirm whether the miRNAs of our study were all 

implicated in biological pathways that influenced brain function.  

5.2. PHQ_trend 

One of the questionnaires used to assess the existence and severity of depression is 

PHQ 9. In our study, we used the score of this questionnaire (PHQ_trend) to see 

whether there was a link between it and the concentration of specific miRNAs in the 

blood. A set of 13 miRNAs appeared to be dysregulated in the subject’s blood. Of 

these, 4 were included amongst the results of other studies that described the 

influence MDD had on the expression levels of miRNAs. Since most of the studies 

had used a previously defined set of miRNAs, it might be possible that some of the 

miRNAs with significant results in our study were not even included in other studies. 

This explains why so many of our significant miRNAs did not show positive literature 

results. 

Furthermore, the miRNA-gene network showed multiple genes that were influenced 

simultaneously by three or more miRNAs, emphasizing their role in the network. 

Among these, four genes showed various positive literature results: PTEN, ESR1, 

BCL2 and VEGFA. With BCL2, most of the studies used animals to investigate 

whether chronic stress had an impact on the gene, displaying an upregulation in the 

brain after stress [Ding et al., 2010; Muhie et al., 2017]. The other studies, which 

focused on humans, used depressed subjects to see the effects of the disease on 

the gene expression profile of the brain [Zhang et al., 2014; Smalheiser et al., 2012]. 

They found an association between BCL2 and depression. Further studies linked 

altered gene expressions mostly in women of the gene ESR1 with depression [Kao et 

al., 2011]. Some finding out that a specific SNP allele showed higher prevalence of 

MDD in the carriers [Pinsonneault et al., 2013; Ryan et al., 2012; Keyes et al., 2015]. 

One of the studies even linked downregulation of ERS1 to MDD subjects with a 

positive history of childhood adversities [Schwaiger et al., 2016]. PTEN was another 

gene modulated by various miRNAs with significant results in our study. All the 

literature results performed their experiment on humans. Some investigating the gene 

expression levels in the brain after suicide showed an increment in the expression 

levels of PTEN in depressed suicide patients [Karege et al., 2007; Dwivedi et al., 

2010]. Apart from one study using human dermal fibroblast [Garbett et al., 2015], all 
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the studies revealed that PTEN was upregulated in MDD subjects [Le-Niculescu et 

al., 2013; Mellon et al., 2016]. The last gene, VEGFA, displayed the most results of 

all the genes associating it to depression. Two of the studies were performed on mice 

and led to similar conclusions. One displayed a higher risk for depression-like 

symptoms when the gene was downregulated [Muhie et al., 2017], while the other 

showed an upregulation in mice after antidepressant treatment [Huang et al., 2012]. 

There were studies that focused on humans that also showed a downregulation of 

the gene in depressed patients [Xie et al., 2017; Kotan et al., 2012; Isung et al., 

2012]. However, four of the studies came to the result that VEGF was upregulated in 

depressed subjects [Arnold et al., 2012; Berent et al., 2014; Carvalho et al., 2014; 

Elfving et al., 2014].  

5.3. CTQ 

The questionnaire that is used very often when assessing childhood traumatization is 

the CTQ. The score of this questionnaire was used to see if there was a link between 

higher scores and differentially expressed miRNAs in the subject’s blood, which 

would display a direct association to traumatization in the early life. Seven miRNAs 

displayed a significant result, while only three of them were also mentioned in the 

results of other miRNA studies investigating the connection between depression and 

miRNAs. There were no studies linking any of the significant miRNAs with childhood 

traumatization.  

In the miRNA-gene network, two genes displayed modulation by more than two 

miRNAs: PTEN and KLF4. While there was no literature showing an association 

between KLF4 and one of the diseases that follow childhood adversities, PTEN 

displayed various results. This gene, together with other genes like VEGFA and 

CDKN1A, were also among the target genes of other miRNA-gene networks, like 

MDD LT or PHQ_trend. This could signalize a connection between the differentially 

dysregulated miRNAs in depression and those dysregulated after childhood 

traumatization. Apart from these, 4 other genes (BCL2L11, DAPK1, TIMP3, VEGFA) 

had literature results linking them with either early life stress or childhood abuse. One 

of the studies [Suderman et al., 2014] even linked childhood abuse with 

hypomethylated BCL2L11 in the peripheral blood of humans.  
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5.4. Abuse 

In this subscale of the CTQ, physical, emotional and sexual abuse are combined to 

see if abuse during childhood, regardless of the type of abuse, led to a set of 

differentially expressed miRNA compared to subjects with no history of abuse during 

childhood. There were 14 miRNAs with a significant result, of which only 4 had 

already been described in literature as having an impact on the pathogenesis of 

MDD. As previously described, since most of the studies focused only on a certain 

miRNA set, it might be possible that some of the miRNAs with significant results in 

our study had not been taken into consideration for the studies of the literature 

results, thus explaining the little number of positive results.  

A few of the target genes of the miRNA-gene network are the same as in the other 

networks - for example, two of the genes with more than two miRNA modulations: 

CDKN1A and PTEN. Of these, 6 other genes (BCL2, BCL2L11, DDIT4, NOTCH1, 

SIRT1 and STAT3) had literature results linking them with either early life stress or 

childhood abuse. For example, [Steine et al., 2016] performed an experiment on mice 

and human. The experiment on mice consisted on maternal separation and exposure 

to chronic mild stress, while the human study was performed on sexually abused 

subjects. They described that NOTCH1expression levels were elevated in the brain 

of the mice while they could see a positive correlation between the expression levels 

and comorbidity with depression in humans. This would underline the link between 

childhood traumatization, depression, and gene expression changes. 

5.5. Neglect 

Analogous to the subscale Abuse, the subscale Neglect combines physical and 

emotional neglect. We decided to find out if there was an association between this 

subscale and differentially expressed miRNAs. 7 miRNAs displayed a significant 

result, while we were able to find literature replication of 4 of these miRNAs.  

The miRNA-gene network of the significant miRNAs associated with physical and 

emotional neglect showed only one positive result with strong evidence. Only two 

miRNAs had SIRT1 as a common target gene. However, it was possible to find 

multiple studies replicating this finding, yet only a few focused on chronic or early life 

stress while there were no studies linking this gene to childhood traumatization. The 

experiments were carried out on animals, two of them revealing a downregulation of 

SIRT1 in subjects with depression-like behavior after chronic stress [Liu et al., 2017; 
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Lo Iacono et al., 2015]. Others showed the opposite [Kim et al., 2016] of which one of 

them described an antidepressant-like behavior in mice when the gene SIRT1 was 

knocked out [Libert et al., 2011].  

5.6. Limitations and Perspective 

This study shows that early life stress, chronic stress, and depression modulate the 

expression levels of some miRNAs, thus leading to differentially expressed protein 

levels through dysregulated gene expression. Some of the miRNAs and their target 

genes have already been described as key players in the pathogenesis of 

depression, one of the psychiatric diseases that follow early life traumatization. 

Nevertheless, there were some factors that limit the validity of this study. 

For example, our study was performed on the SHIP Trend cohort. This cohort is part 

of a study to assess the prevalence of different diseases on a population in West 

Pomerania. Most of the subjects in this study did not have any psychiatric disease 

diagnosed, nor had they suffered severe childhood traumatization. In order to 

corroborate whether the miRNAs found in this study are strongly linked to childhood 

adversities and their consequences, the same experiment should be replicated in a 

clinical sample, using subjects with diagnosed MDD or with elevated CTQ scores 

compared to the results of a healthy population. An option would be to use the 

GANI_MED sample, where various cohorts of subjects were created depending on 

the diagnosed diseases using the same sample, the SHIP sample, as a basis. 

Additionally, a bigger sample would be needed to show whether the significant 

results can be replicated. Furthermore, only a selected group of miRNAs were used 

for the screening (only those targeted by our miRNA kit, Serum/ Plasma Focus 

microRNA PCR Panel V4.M (Qiagen, Hilden, Germany)), neglecting the possibility 

that other miRNAs that were not included in our study could also be significantly 

influenced by childhood traumatization.  

The miRNA screening had its limitations. The comparability of the majority of the 

literature results was restricted. The majority of the methods of the experiments and 

the species of the subjects tested did not coincide with our experiment. Even then, 

various studies describing the same miRNA in their results came to differing 

conclusions, making it difficult to decide which result was correct. 

In the future, further studies will be needed to proof that childhood traumatization 

leaves its footprint on the miRNA profile of the subjects. Special focus could be given 
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to the possibility that a specific miRNA expression profile can be seen in subjects 

with early life adversities that are susceptible to developing psychiatric diseases such 

as MDD. If research could confirm the existence of this specific miRNA expression 

profile, new possibilities would present themselves for the early treatment of its 

psychiatric consequences. For instance, if the biological pathway leading to 

depression is blocked, traumatized subjects could be prevented from developing 

MDD in the future. 

As described in the beginning of this study, newest discoveries highlight the 

possibility of biological transmission of childhood trauma trough miRNA. As this study 

shows, childhood traumatization leads to a dysregulated set of miRNAs in their 

peripheral blood, thus setting the ground for future studies on trauma inheritance. 

Transmission of miRNAs through sperm to the offspring has been confirmed on rats, 

human studies are still to follow. But if this was the case, it would be helpful to 

examine whether subjects who have suffered stress during their childhood and 

display any kind of epigenetic mark of this event are also capable of transmitting this 

trauma signature to their offspring. This can be done by analysing their germ cells, 

thus explaining the phenomenon of the transmission of the susceptibility of 

psychiatric diseases from traumatized parents to their not traumatized children. 

Analogous to the therapy of subjects who had been traumatized during their 

childhood in order to prevent the development of psychiatric diseases, this new kind 

of therapy could even prevent the transmission of the dysregulated miRNAs to the 

offspring to avoid a possible susceptibility of the children of traumatized subjects 

even before conception.  
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6. Supplementary Material 

Supplementary Table 1. Complete list of the miRNAs used in the experiments. 

miRNAs         

       

hsa-let-7a-5p hsa-miR-101-3p hsa-miR-128 hsa-miR-142-5p hsa-miR-151a-3p 

hsa-let-7b-3p hsa-miR-103a-3p hsa-miR-130a-3p hsa-miR-143-3p hsa-miR-151a-5p 

hsa-let-7b-5p hsa-miR-106a-5p hsa-miR-130b-3p hsa-miR-144-3p hsa-miR-152 

hsa-let-7c hsa-miR-106b-5p hsa-miR-132-3p hsa-miR-144-5p hsa-miR-154-5p 

hsa-let-7d-3p hsa-miR-107 hsa-miR-133a hsa-miR-145-5p hsa-miR-155-5p 

hsa-let-7d-5p hsa-miR-10b-5p hsa-miR-136-5p hsa-miR-146a-5p hsa-miR-15a-5p 

hsa-let-7e-5p hsa-miR-122-5p hsa-miR-139-5p hsa-miR-146b-5p hsa-miR-15b-3p 

hsa-let-7f-5p hsa-miR-125a-5p hsa-miR-140-3p hsa-miR-148a-3p hsa-miR-15b-5p 

hsa-let-7g-5p hsa-miR-125b-5p hsa-miR-140-5p hsa-miR-148b-3p hsa-miR-16-2-3p 

hsa-let-7i-5p hsa-miR-126-3p hsa-miR-142-3p hsa-miR-150-5p hsa-miR-16-5p 

       

       

hsa-miR-17-5p hsa-miR-195-5p hsa-miR-2110 hsa-miR-23b-3p hsa-miR-29a-3p 

hsa-miR-181a-5p hsa-miR-197-3p hsa-miR-215 hsa-miR-24-3p hsa-miR-29b-3p 

hsa-miR-185-5p hsa-miR-199a-3p hsa-miR-21-5p hsa-miR-25-3p hsa-miR-29c-3p 

hsa-miR-186-5p hsa-miR-199a-5p hsa-miR-221-3p hsa-miR-26a-5p hsa-miR-301a-3p 

hsa-miR-18a-5p hsa-miR-19a-3p hsa-miR-222-3p hsa-miR-26b-5p hsa-miR-30a-5p 

hsa-miR-18b-5p hsa-miR-19b-3p hsa-miR-223-3p hsa-miR-27a-3p hsa-miR-30b-5p 

hsa-miR-191-5p hsa-miR-204-5p hsa-miR-223-5p hsa-miR-27b-3p hsa-miR-30c-5p 

hsa-miR-192-5p hsa-miR-205-5p hsa-miR-22-3p hsa-miR-28-3p hsa-miR-30d-5p 

hsa-miR-193b-3p hsa-miR-20a-5p hsa-miR-22-5p hsa-miR-28-5p hsa-miR-30e-3p 

hsa-miR-194-5p hsa-miR-210 hsa-miR-23a-3p hsa-miR-296-5p hsa-miR-30e-5p 

       

       

hsa-miR-320a hsa-miR-33a-5p hsa-miR-382-5p hsa-miR-485-3p hsa-miR-551b-3p 

hsa-miR-320b hsa-miR-342-3p hsa-miR-409-3p hsa-miR-486-5p hsa-miR-574-3p 

hsa-miR-324-3p hsa-miR-34a-5p hsa-miR-421 hsa-miR-495-3p hsa-miR-584-5p 

hsa-miR-324-5p hsa-miR-363-3p hsa-miR-423-3p hsa-miR-497-5p hsa-miR-590-5p 

hsa-miR-32-5p hsa-miR-365a-3p hsa-miR-423-5p hsa-miR-501-3p hsa-miR-605 

hsa-miR-326 hsa-miR-374a-5p hsa-miR-424-5p hsa-miR-502-3p hsa-miR-629-5p 

hsa-miR-328 hsa-miR-374b-5p hsa-miR-425-3p hsa-miR-505-3p hsa-miR-652-3p 

hsa-miR-335-5p hsa-miR-375 hsa-miR-425-5p hsa-miR-532-3p hsa-miR-660-5p 

hsa-miR-338-3p hsa-miR-376a-3p hsa-miR-451a hsa-miR-532-5p hsa-miR-766-3p 

hsa-miR-339-3p hsa-miR-378a-3p hsa-miR-484 hsa-miR-543 hsa-miR-885-5p 

       

       

hsa-miR-92a-3p      

hsa-miR-93-3p      

hsa-miR-93-5p      

hsa-miR-99a-5p      

hsa-miR-99b-5p         
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Supplementary Table 2. Complete table to the literature mentioning the significant miRNAs of the 

variable “MDD LT” in their results. It shows all the literature results to each of the miRNA, as well as 

the study design including the examined species, the tissue and the results. The triangle shows if the 

miRNA was upregulated (red triangle pointing up) or downregulated (blue triangle pointing down). The 

triangles on the last column of the table display whether the miRNA was up- or downregulated in our 

results. If our result and the result of the study coincide, the corresponding cell is filled green. miRNAs 

with no literature results are displayed using triangles filled in yellow. 

miRNA Study Species 
Tissue 
sample 

Study design Results 
Our 

results 

hsa-miR-
146b-5p 

[Enatescu 
et al., 2016] 

Human Plasma 

5 subjects with MDD - 
Escitalopram treatment, 
miRNA profiling day 0 vs 

day 12 

downregulated 
after treatment 

 

[Lopez 
et al., 2017] 

Human 

Peripheral 
blood 

1) 124 subjects with MDD 
treated with duloxetine vs 
134 MDD subjects treated 

with placebo - miRNA 
profiling  

downregulated 
only in 

responder after 
treatment, 

neither non-
responder, nor 
control group 

showed 
differentially 
expressed 

miRNAs -results 
in all cohorts 
corroborated 

  

2) 61 subjects with MDD - 
Escitalopram treatment, 
expression of 5 specific 

miRNA week 0 vs week 8 

3) 158 subjects with MDD - 
Escitalopram treatment, 
expression of 4 specific 

miRNA week 0 vs week 8 

Mouse 

4) Mice susceptible to 
social defeat treated with 
20mg/kg Imipramine daily 

for 14 days 

hsa-miR-
629-5p 

-  

hsa-miR-
144-5p  

[Wang 
et al., 2015] 

Human Plasma 

1) 169 subjects with MDD 
vs 52 healthy control 

subjects - miRNA screening 
on 11 subjects with MDD 

and validated on the whole 
sample 

downregulated 
compared to 

healthy subjects 

 

2) 169 subjects with MDD 
before and after 8 weeks 
follow-up, partially with 

antidepressant treatment - 
measurement of mean 

plasma miR-144-5p level 

upregulated 
after 

improvement of 
symptoms, miR-
144-5p showed 

an inversed 
correlation with 

the MADRS 
score 

[Katsuura 
et al., 2012] 

Human 
Peripheral 

blood 

10 healthy subjects 7 
weeks and 1 day before, as 
well as immediately and 1 

week after acute stress 
(examination for academic 

promotion) - miRNA 
screening 

upregulated 
significantly 
immediately 

after 
examination 

compared to 7 
weeks before 
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hsa-miR-
142-3p  

[Smalheiser 
et al., 2012] 

Human 
Prefrontal 

Cortex 

18 antidepressant-free 
depressed suicide subjects 

vs 17 matched non-
psychiatric control subjects 

- miRNA profiling 

downregulated 
compared to 

control subjects 

 

hsa-miR-
125a-5p 

[Enatescu 
et al., 2016] 

Human Plasma 

5 subjects with MDD 
beginning Escitalopram 

treatment on day 0, miRNA 
profiling compared between 

day 0 and day 12 

downregulated 
after treatment 

 

[Smalheiser 
et al., 2014] 

Rats 
Frontal 
Cortex 

12-14 rats per group - 
Saline vs 10mg/kg vs 25 

mg/kg Enoxacin 
intraperitoneal daily for 8 

days 

upregulated 
after treatment, 
while exhibiting 
a suppressed 

"Learned 
Helplessness" 

phenotype 

 

[Wan 
et al., 2015] 

Human 

Cerebrospi
nal Fluid 

(CSF) and 
peripheral 

blood 

1) 6 subjects with MDD and 
no current treatment with 

antidepressants vs 6 
healthy control subjects - 

miRNA profiling 

upregulated only 
in the CSF 

compared to 
healthy control 

subjects, no 
differential 

expression in 
peripheral blood 

 

Peripheral 
blood 

2) 32 subjects with MDD 
and no current treatment 

with antidepressants vs 21 
healthy control subjects 

miR-125a-5p 
showed no 
differential 

expression in 
peripheral blood 

[Wei 
et al., 2016] 

Rats 
Prefrontal 

Cortex 

6 Flinders sensitive rats vs 
6 Flinders resistant rats - 

miRNA profiling plus 
validation of 9 specific 

miRNAs (hsa-miR-125a-5p 
among them) 

downregulated 
compared to 

Flinders 
resistant rats 

 

Legend: 
positive correlation 
with MDD LT 

Negative correlation 
with MDD LT 

 

 
positive correlation, 
no replication in 
literature 

   

 

  

matched literature 
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Supplementary Table 3. Complete table to the literature replication of the genes from the gene target 

network of the variable MDD LT. It shows all literature results to the genes with the highest amounts of 

results with gene symbol and gene description as in GeneCards (https://www.genecards.org/, as of 

19.02.2018), as well as the study design including the examined species, the tissue and the results. 

Gene 
Symbol 

Gene 
description as in 

GeneCards 
Study Species 

Tissue 
sample 

Study design Results 

CDKN1A 

Cyclin 
Dependent 

Kinase Inhibitor 
1A 

[Epp 
et al., 2013] 

Human 
Hippo-
campus 

12 subjects with 
MDD without 

psychosis vs. 12 
subjects with MDD 
with psychosis vs. 
12 age-matched 

controls; p21 
Immunochemistry 

Higher levels of p21 
expressing cells 

depending on the 
age in patients with 

MDD without 
psychosis and after 

AD treatment 

[Pechnick 
et al., 2008] 

Mouse 
Hippo-
campus 

Subjects were 
treated for 21 days 
with saline solution 
or imipramine; p21 
immunochemistry 

Treatment with 
imipramine showed 
antidepressant-like 
behavior as well as 

decreased p21 
mRNA and protein 

levels in the 
hippocampus 

[Pechnick 
et al., 2011] 

Mouse 

Hippo-
campus 

and 
neural 
proge-

nitor cell 
cultures 

Wild-type mice and 
p21-null mice were 

treated with 
fluoxetine, 

imipramine and 
desipramine for 3 

weeks; Neural 
Stem Cells were 
isolated form the 
hippocampus of 

both subjects; p21 
Western blot 

analysis 

Decreased levels of 
p21 and 

improvement of 
depressed-like 

behavior in wild-
type mice after 
treatment with 

antidepressants, 
Increased neural 
cell proliferation 

through 
downregulation of 

p21 in vitro 

TRAF6 
TNF Receptor 

Associated 
Factor 6 

[Birerdinc 
et al., 2012] 

Human 

Periphe-
ral blood 
mononu

clear 
cells 

67 subjects with 
chronic hepatitis C 

and pegylated 
interferon-α and 

ribavirin treatment, 
15 with pre-
treatment 

depression and 25 
that developed 

depression during 
treatment; mRNA 
expression profile 

Treatment related 
depression caused 

upregulation of 
mRNA of TRAF6 

ARHGAP1
2 

Rho GTPase 
Activating 
Protein 12 

- 

ATG9A 
Autophagy 
Related 9A 

- 

ATP5G2 

ATP Synthase, 
H+ 

Transporting, 
Mitochondrial 
Fo Complex 
Subunit C2 
(Subunit 9) 

[Murphy et 
al., 2017b] 

Human Brain 

20 depressed 
subjects that 

committed suicide 
vs 20 non-

psychiatric control 
subjects; DNA 

methylation 

DMR located 
upstream in the 

promoter region of 
the ATP5G2 gene in 
depressed suicide 

patients 
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BAK1 
BCL2 

Antagonist/Killer 1 
- 

BTG2 
BTG Anti-

Proliferation 
Factor 2 

[Descalzi 
et al., 2017] 

Mouse Brain 

Subjects that 
suffered from 

chronic 
unpredictable 

stress vs spared 
nerve injury vs 
control; RNA-
Sequencing 

BTG2 was 
downregulated in 

the medial 
Prefrontal cortex 

and Nucleus 
accumbens both in 

subjects after 
chronic 

unpredictable stress 
and spared nerve 
injury compared to 

control 

[Kurumaji 
et al., 2008] 

Mouse 
Neocor-

tex 

Subjects injected 
with FG7142 vs 

subjects suffering 
from immobilization 

stress for 1h vs 
control subjects; 
DNA microarray 

BTG2 was 
increased both after 
injection of FG7142 
and after 1 hour of 

immobilization 
compared to control 

subjects 

[Le-
Niculescu 

et al., 2011] 
Mouse 

Brain 
and 

periphe-
ral blood 

Male subjects with 
injection of 

yohimbine vs 
diazepam vs 

combination of both 
vs control; 

microarrays and 
RNA extraction and 

hybridization 

BTG2 was 
decreased in the 
subjects treated 

with yohimbine and 
increased in 

subjects treated 
with diazepam only 

in their 
hippocampus 

compared to control 

[Karim 
Malki et al.] 

Mouse 
Hippo-
campus 

144 subjects, 48 
subjects with 

maternal 
separation, 48 
subjects with 
unpredictable 

chronic mild stress 
and 48 control 
subjects; gene 

expression array  

BTG2 was 
downregulated in 
the brain tissue of 

rats who had 
suffered maternal 

separation 

[Parker 
et al., 2012] 

Mouse Brain 

Subjects subjected 
to Fear 

Conditioning; 
integrated genome-

wide association 
analysis  

BTG2 showed 
differential 

expression in the 
subjects after Fear 

Conditioning 

[Surget 
et al., 2009] 

Mouse Brain 

Subjects after 
unpredictable mild 
chronic stress for 7 
weeks and treated 

either with 
fluoxetine, with 

CRF1-antagonist or 
with the vehicle 

from the third week 
on; microarray 

BTG2 was 
downregulated after 

antidepressant 
treatment but was 
not influenced by 
mild stress in the 
neurons and glia 

cells of the cingulate 
cortex of mice 

CCDC6 
Coiled-Coil 

Domain 
Containing 6 

- 

CLDN12 Claudin 12 - 
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COPA 

Coatomer 
Protein 

Complex 
Subunit Alpha 

- 

DIP2A 

Disco 
Interacting 
Protein 2 

Homolog A 

- 

DYRK2 

Dual Specificity 
Tyrosine 

Phosphorylation 
Regulated 
Kinase 2 

- 

EDEM3 

ER Degradation 
Enhancing 

Alpha-
Mannosidase 
Like Protein 3 

- 

EIF1AD 

Eukaryotic 
Translation 

Initiation Factor 
1A Domain 
Containing 

- 

ETNK2 
Ethanolamine 

Kinase 2 
- 

GOLGA1 Golgin A1 - 

HSPA1B 

Heat Shock 
Protein Family A 

(Hsp70) 
Member 1B 

[Le-
Niculescu 

et al., 2011] 
Mouse 

Brain 
and 

periphe-
ral blood 

Male subjects with 
injection of 

yohimbine vs 
diazepam vs 

combination of both 
vs control; 

microarrays and 
RNA extraction and 

hybridization 

HSPA1B was 
increased in the 
Prefrontal cortex 

and the blood of the 
subjects treated 

with diazepam and 
increased in the 

hippocampus of the 
subjects treated 
with yohimbine 

compared to control 

[Surget 
et al., 2009] 

Mouse Brain 

Subjects were 
subjected to 

unpredictable mild 
chronic stress for 7 
weeks and treated 

either with 
fluoxetine, with 

CRF1-antagonist or 
with the vehicle 

from the third week 
on; microarray 

HSPA1B was 
downregulated after 

antidepressant 
treatment in the glia 
cells of the cingulate 

cortex of mice 

IP6K1 
Inositol 

Hexakisphos-
phate Kinase 1 

- 

IRAK1 

Interleukin 1 
Receptor 

Associated 
Kinase 1 

[Gao 
et al., 2015] 

Human Brain 

mRNA expression 
profiles from the 
GEO database 

were used - profiles 
of MDD subjects 
were compared 

with those of 
healthy controls 

IRAK1 was 
downregulated in 

the Hippocampus of 
MDD subjects 

compared to control 

KIAA0232 KIAA0232 - 
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LBR 
Lamin B 
Receptor 

[McCaffery 
et al., 2015] 

Human 
Periphe-
ral blood 

2118 overweight 
subjects or those 

suffering from 
Diabetes Type 2 

answered the Beck 
Depression 

Inventory; GWAS 

LBR showed strong 
association with 

higher depressive 
symptoms prior to 

antidepressant 
treatment 

LSM4 

LSM4 Homolog, 
U6 Small Nuclear 
RNA And MRNA 

Degradation 
Associated 

- 

MON1B 

MON1 Homolog 
B, Secretory 
Trafficking 
Associated 

- 

MTUS1 
Microtubule 
Associated 

Scaffold Protein 1 
- 

NSFL1C NSFL1 Cofactor - 

PAPD7 
Poly(A) RNA 

Polymerase D7, 
Non-Canonical 

- 

PARD6B 
Par-6 Family 
Cell Polarity 

Regulator Beta 
- 

PLEKHG5 

Pleckstrin 
Homology And 

RhoGEF 
Domain 

Containing G5 

[Khulan 
et al., 2014] 

Human 
Periphe-
ral blood 

83 men who 
suffered from early 

life stress vs 83 
healthy matched 
controls; GWAS 

PLEKHG5 
displayed three 

significantly 
methylated loci in 

subjects with a BDI 
score higher than 

the cut-off 
compared to control 

SERPINA4 
Serpin Family A 

Member 4 
- 

SIX1 SIX Homeobox 1 - 

TAOK1 TAO Kinase 1 - 

TMEM101 
Transmembrane 

Protein 101 
- 

TMEM136 
Transmembrane 

Protein 136 
- 

TMEM59 
Transmembrane 

Protein 59 
- 

TOR1AIP2 
Torsin 1A 
Interacting 
Protein 2 

- 

YES1 

YES Proto-
Oncogene 1, 
Src Family 

Tyrosine Kinase 

[Tombácz 
et al., 2017] 

Human Brain 

23 suicide victims 
suffering from MDD 

vs 21 control 
subjects; whole 

exome sequencing 

YES1 was seen as 
a putative dominant 

loss of function 
gene associated 

with suicide 

[Yang et al., 
2013] 

Mouse 

Brain 
and 

periphe-
ral blood 

Subjects subjected 
to 10 days social 
defeat vs 5 days 
social defeat vs 

control; microarray 

YES1 showed a 
significant result in 

the blood-brain 
network 

YOD1 
YOD1 

Deubiquitinase 
- 

ZNF529 
Zinc Finger 
Protein 529 

- 
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Supplementary Table 4. Complete table to the literature mentioning the significant miRNAs of the 

variable “PHQ_trend” in their results. It shows all the literature results to each of the miRNA, as well as 

the study design including the examined species, the tissue and the results. The triangle shows if the 

miRNA was upregulated (red triangle pointing up) or downregulated (blue triangle pointing down). If 

our result and the result of the study coincide, the corresponding cell is filled green. miRNAs with no 

literature results are displayed using triangles filled in yellow.  

 

miRNA Study Species 
Tissue 
sample 

Study design Results 
 Our 

results 

hsa-miR-
143-3p  

- 

 

hsa-miR-
181a-5p 

- 
 

hsa-miR-
125a-5p 

[Enatescu 
et al., 2016] 

Human Plasma 

5 subjects with MDD 
beginning Escitalopram 

treatment on day 0, miRNA 
profiling compared 

between day 0 and day 12 

downregulated 
after treatment 

  

[Smalheiser 
et al., 2014] 

Rats 
Frontal 
Cortex 

12-14 rats per group - 
Saline vs 10mg/kg vs 25 

mg/kg Enoxacin 
intraperitoneal daily for 8 

days 

upregulated after 
treatment, while 

exhibiting a 
suppressed 

"Learned 
Helplessness" 

phenotype 

 

[Wan 
et al., 2015] 

Human 

Cerebrospi
nal Fluid 

(CSF) and 
peripheral 

blood 

1) 6 subjects with MDD 
and no current treatment 
with antidepressants vs 6 
healthy control subjects - 

miRNA profiling 

upregulated only 
in the CSF 

compared to 
healthy control 

subjects, no 
differential 

expression in 
peripheral blood 

 

Peripheral 
blood 

2) 32 subjects with MDD 
and no current treatment 

with antidepressants vs 21 
healthy control subjects 

miR-125a-5p 
showed no 
differential 

expression in 
peripheral blood 

[Wei 
et al., 2016] 

Rats 
Prefrontal 

Cortex 

6 Flinders sensitive rats vs 
6 Flinders resistant rats - 

miRNA profiling plus 
validation of 9 specific 

miRNAs (hsa-miR-125a-5p 
among them) 

downregulated 
compared to 

Flinders resistant 
rats 

 

hsa-miR-
10b-5p  

-   

hsa-miR- 
17-5p   

[Roy 
et al., 2017] 

Human 
Locus 

coeruleus 

9 depressed suicide 
subjects vs 11 non-

psychiatric control subjects 
- miRNA profiling 

upregulated 
compared to non-

psychiatric 
subjects 
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hsa-miR-
29b-3p  

[Wan 
et al., 2015] 

Human 

Cerebrospi
nal Fluid 

(CSF) and 
peripheral 

blood 

1) 6 subjects with MDD 
and no current treatment 
with antidepressants vs 6 
healthy control subjects - 

miRNA profiling 

upregulated only 
in the CSF 

compared to 
healthy control 

subjects, no 
differential 

expression in 
peripheral blood 

 

Peripheral 
blood 

2) 32 subjects with MDD 
and no current treatment 

with antidepressants vs 21 
healthy control subjects 

miR-29b-3p 
showed no 
differential 

expression in 
peripheral blood 

 

hsa-miR-
19b-3p  

-   

hsa-miR-
324-3p  

-   

hsa-miR-
103a-3p 

-   

hsa-miR-
19a-3p  

-   

hsa-miR-16-
2-3p 

-   

hsa-miR-
106b-5p 

[Wan 
et al., 2015] 

Human 

Cerebrospi
nal Fluid 

(CSF) and 
peripheral 

blood 

1) 6 subjects with MDD 
and no current treatment 
with antidepressants vs 6 
healthy control subjects - 

miRNA profiling 

downregulated 
only in the CSF 

compared to 
healthy control 

subjects, no 
differential 

expression in 
peripheral blood 

 

Peripheral 
blood 

2) 32 subjects with MDD 
and no current treatment 

with antidepressants vs 21 
healthy control subjects 

miR-106b-5p 
showed no 
differential 

expression in 
peripheral blood 

Legend: 
positive correlation 
with MDD LT 

negative correlation 
with MDD LT 

 

 
positive correlation, 
no replication in 
literature 

 
negative correlation, 
no replication in 
literature  

 

 

  

matched literature 
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Supplementary Table 5. Complete table to the Literature replication of the genes from the gene target 

network of the variable PHQ_trend. It shows all the genes with literature results, gene symbol and 

gene description as in GeneCards (https://www.genecards.org/, as of 19.02.2018), as well as the 

study design including the examined species, the tissue and the results. 

Gene 
Symbol 

Gene 
description as 
in GeneCards 

Study Species 
Tissue 
sample 

Study design Results 

AKT1 
AKT 

Serine/Threoni
ne Kinase 1 

[Chandran 
et al., 2013] 

Rat Brain 

11 subjects with 
chronic unpredictable 
stress vs 11 control 
subjects; Western 

blot 

AKT1 displayed a 
reduced 

phosphorylation in 
the amygdala of 
rats exposed to 

chronic 
unpredictable 

stress 

[Dwivedi 
et al., 2010] 

Human 

Prefrontal 
cortex and 
Hippocam-

pus 

28 suicide subjects 
vs 21 non-psychiatric 

control subjects; 
mRNA Quantitation, 

Akt1 Assay and 
Western Blot 

AKT1's catalytic 
activity and 

phosphorylation 
state were 

decreased in the 
Prefrontal cortex 

and the 
Hippocampus of 
suicide patients 

compared to 
control, no change 
in the expression 

level 

[Dwivedi 
et al., 2015] 

Rat 
Prefrontal 

Cortex 

32 subjects treated 
with corticosterone vs 

32 subjects treated 
with vehicle only; 

mRNA qPCR 

AKT1 expression 
levels significantly 
decreased after 
corticosterone 

treatment 

[Gao 
et al., 2015] 

Human Brain 

mRNA expression 
profiles from the GEO 
database were used - 

profiles of MDD 
subjects were 

compared with those 
of healthy controls 

AKT1 was 
downregulated in 
the Hippocampus 
of MDD subjects 

compared to 
control 

[Huang 
et al., 2012] 

Rat 
Neural 

Stem Cell 

Rat's Neural Stem 
Cells treated for 60 

minutes with 
fluoxetine vs control; 

Western Blot 

AKT1 expression 
levels of the 

phosphorylated 
protein were 

significantly higher 
when treated with 

fluoxetine 

[Jia 
et al., 2011] 

Human   
Screening of GWAS 

dataset for major 
depression genes 

AKT1 was found 
to be a candidate 

gene 

[Karege 
et al., 2007] 

Human 
Ventral 

Prefrontal 
Cortex 

20 suicide subjects 
vs 20 drug-free non-
suicide subjects - of 

each group 10 
subjects had been 

diagnosed with MDD 
antemortem; Western 

blot 

AKT1 activity was 
significantly 
decreased in 
depressed 

subjects (both 
suicide and non-

suicide)  
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AKT1 
AKT 

Serine/Threoni
ne Kinase 1 

[Muhie 
et al., 2015] 

Mouse Brain 

Socially stressed 
subjects vs control 
subjects; genome 

wide arrays 

AKT1 is 
differentially 

regulated in mice 
after social-stress 

exposure 

[Muhie 
et al., 2017] 

Mouse 

Brain, 
peripheral 
blood and 

spleen 

Socially stressed 
subjects for 5- or 10-

days vs control 
subjects - 

experiments on day 1 
or 10/42 respectively 
after stress exposure; 

expression arrays, 
DNA methylation 

arrays and validation 
assays 

AKT1 was 
differentially 

regulated in brain, 
blood, and spleen 
after social stress 

exposure 

APP 

 
Amyloid Beta 

Precursor 
Protein 

[Lee 
et al., 2011] 

Human Brain 

GEO microarray data 
of post-mortem 

including 13 
schizophrenia 

patients, 11 bipolar 
disorder 

patients, 11 major 
depression patients, 

and 14 healthy 
controls 

APP was shown 
to play a central 
role in the gene 

network leading to 
MDD 

[Lee 
et al., 2012] 

Mouse Brain 

7 subjects treated 
with 1mg/kg 

reserpine vs 7 
subjects treated with 
2mg/kg reserpine vs 
7 subjects treated 

only with the vehicle; 
Western blot 

APP expression 
levels increased 
significantly in 
both groups 
treated with 

reserpine, while 
the cleavage of 

the protein 
decreased 

ATXN1 Ataxin 1 - 

BACE1 
Beta-Secretase 

1 
- 

BCL2 

 
BCL2, 

Apoptosis 
Regulator 

[Ding 
et al., 2010] 

Rat Amygdala 

50 subjects with 
single-prolonged 

stress vs 50 control 
subjects; 

immunochemistry 
and Western blot 

BCL2 increased at 
day 1 after stress 

exposure and 
decreased 
significantly 
compared to 

control afterwards  

[Muhie 
et al., 2017] 

Mouse 

Brain, 
peripheral 
blood and 

spleen 

Socially stressed 
subjects for 5- or 10-

days vs control 
subjects - 

experiments on day 1 
or 10/42 respectively 
after stress exposure; 

expression arrays, 
DNA methylation 

arrays and validation 
assays 

BCL2 was 
upregulated in the 
blood, brain, and 

spleen of the 
socially stressed 

subjects  
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BCL2 

 
BCL2, 

Apoptosis 
Regulator 

[Parker 
et al., 2012] 

Mouse Brain 

A Fear Conditioning 
model was used on 
the subjects for 3 

days; genome-wide 
association analysis 

BCL2 was 
differentially 

expressed in the 
hippocampus of 

the mice that 
underwent fear 

conditioning 

[Smalheiser 
et al., 2012] 

Human 
Prefrontal 

cortex 

18 antidepressant-
free depressed 

suicide subjects vs 
17 well matched non-

psychiatric control 
subjects; Western 

blot 

BCL2 protein 
levels were 
significantly 

downregulated in 
the depressed 

subjects 
compared to 

control 

[Zhang 
et al., 2014] 

Human 
Peripheral 

blood 

178 treatment-
resistant depressed 
subjects vs 612 non-
treatment-resistant 
depressed subjects 

vs 725 healthy 
control subjects; PCR 

of three specific 
SNPs 

a specific allele of 
the SNP in the 

promoter region of 
BCL2 is 

associated with 
treatment-
resistant 

depression in 
males 

BCL2L11 BCL2 Like 11 - 

BMPR2 

Bone 
Morphogenetic 

Protein 
Receptor Type 

2 

- 

CCND1 Cyclin D1 - 

CCND2 Cyclin D2 

[Kerman 
et al., 2012] 

Human 
Dorsal 
raphe 

13 antemortem 
diagnosed MDD 

subjects vs 8 non-
psychiatric control 

subjects; Gene 
expression 
microarray  

CCND2 was 
downregulated in 

MDD subjects 
compared to 

control 

[Liu 
et al., 2014] 

Human 
Peripheral 

blood 

10 MDD subjects vs 
10 control subjects; 
microarray profiling 

CCND2 was 
differentially 

expressed in the 
MDD subjects 

[Yi 
et al., 2012] 

Human 
Peripheral 

blood 

8 drugfree first-
episode subjects with 

Subsyndromal 
symptomatic 

depression vs 8 MDD 
subjects vs 8 

matched controls; 
whole-genome cRNA 

microarrays  

CCND2 was 
downregulated in 

subjects with 
Subsyndromal 
symptomatic 

depression but not 
in subjects 

suffering from 
MDD 

CDKN1A 

Cyclin 
Dependent 

Kinase Inhibitor 
1A 

[Epp 
et al., 2013] 

Human 
Hippocam-

pus 

12 subjects with MDD 
without psychosis vs. 
12 subjects with MDD 
with psychosis vs. 12 

age-matched 
controls; p21 

Immunochemistry 

Higher levels of 
p21 expressing 
cells depending 

on the age in 
patients with MDD 
without psychosis 

and after AD 
treatment 
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CDKN1A 

Cyclin 
Dependent 

Kinase Inhibitor 
1A 

[Pechnick 
et al., 2008] 

Mouse 
Hippocam-

pus 

Subjects were treated 
for 21 days with 
saline solution or 
imipramine; p21 

immunochemistry 

Treatment with 
imipramine 

showed 
antidepressant-
like behavior as 

well as decreased 
p21 mRNA and 
protein levels in 

the hippocampus 

[Pechnick 
et al., 2011] 

Mouse 

Hippocam-
pus and 
neural 

progenitor 
cell 

cultures 

Wild-type mice and 
p21-null mice were 

treated with 
fluoxetine, 

imipramine and 
desipramine for 3 

weeks; Neural Stem 
Cells were isolated 

form the 
hippocampus of both 

subjects; p21 
Western blot analysis 

Decreased levels 
of p21 and 

improvement of 
depressed-like 

behavior in wild-
type mice after 
treatment with 

antidepressants, 
Increased neural 
cell proliferation 

through 
downregulation of 

p21 in vitro 

COL1A1 
Collagen Type I 
Alpha 1 Chain 

[Andrus 
et al., 2012] 

Rat 
Hippocam-

pus and 
amygdala 

Endogenous 
depressed subjects 
vs control subjects - 
subjects exposed to 

chronic stress vs 
control subjects; 

genome-wide 
microarray analyses 

COL1A1 showed 
differential 

expression in the 
hippocampus both 
in the endogenous 
depression model 
and in the chronic 

stress model  

[Li 
et al., 2016] 

Mouse Brain 

6 acutely stressed 
subjects vs 5 control 

subjects; 5hmC 
enrichment of 
genomic DNA 

COL1A1 gene 
displayed an 

increment in the 
hypermethylation 

of differentially 
hydroxy 

methylated 
regions after acute 

stress 

COL3A1 
Collagen 

 Type III Alpha 
1 Chain 

- 

CUL5 Cullin 5 - 

DNMT1 
DNA Methyl-
transferase 1 

[Morris 
et al., 2016] 

Mouse Brain 

DNMT1 knock out 
male subjects 

underwent several 
behavioral tests; 

DNMT1 expression 
was quantified by real 

time PCR 

DNMT1 deletion in 
the forebrain had 

anxiolytic and 
antidepressant-
like properties 
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DNMT1 
DNA Methyl-
transferase 1 

[Wang 
et al., 2018] 

Mouse 

Peripheral 
blood 

mononu-
clear cells 

3 subjects treated 
with a mixture of Mal-
gluc and DHCA vs 3 
subjects treated with 
the vehicle suffering 
from repeated social 

defeat stress and 
treatment starting 2 
weeks prior to stress 
exposure; real time 

PCR 

DNMT1 
expression levels 
were significantly 
decreased after 
DHCA/Mal-gluc 

treatment in 
stressed mice 

DNMT3A 
DNA Methyl-
transferase 3 

Alpha 

[Hodes 
et al., 2015] 

Human 
and 

Mouse 

Nucleus 
Accum-

bens 

Subjects suffering 
from sub chronical 
variable stress vs 
control subjects - 

DNMT3A knockout 
mice vs control - 

suicide medicated 
depressed subjects 

vs suicide 
nonmedicated 

depressed subjects 
vs suicide control 
subjects; real time 

PCR 

DNMT3A 
expression levels 
are increased in 

the Nucleus 
accumbens of 
animals after 
exposure to 
subchronic 

variable stress, 
female showing a 

higher fold 
change, DNMT3A 

was also 
increased in 

humans with a 
positive MDD 

diagnosis 

[LaPlant 
et al., 2010] 

Mouse 
Nucleus 
Accum-

bens 

Subjects suffering 
from chronic social 
defeat stress lasting 

for 10 days vs control 
- submaximal defeat 
stress on subjects 
with HSV-GFP vs 

HSV-Dnmt3a 
injections into the 

NAcc 

DNMT3A 
expression levels 
were increased in 
the subjects who 

suffered from 
chronic social 
defeat stress, 

DNMT3A 
overexpression 

induces 
depressive-like 

behavior 

E2F1 
E2F 

Transcription 
Factor 1 

- 

E2F3 
E2F 

Transcription 
Factor 3 

- 

E2F5 
E2F 

Transcription 
Factor 5 

[Surget 
et al., 2009] 

Mouse Brain 

Subjects were 
subjected to 

unpredictable mild 
chronic stress for 7 
weeks and treated 
with fluoxetine vs 

CRF1-antagonist vs 
the vehicle from the 

third week on; 
microarray 

E2F5 was 
downregulated 

after 
antidepressant 
treatment and 

displayed 
significant results 

in the group 'mood 
and therapeutic' 
only in the glia 

cells of the 
cingulate cortex 
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ESR1 
Estrogen 

Receptor 1 

[Kao 
et al., 2011] 

Human   

The gene expression 
patterns of different 
tissues of the online 

database 
'WebGestalt Tissue 
Expression' were 
used to evaluate 

previously 
established candidate 

genes for MDD 

ESR1 was 
identified as one 
of the candidate 

genes involved in 
the pathogenesis 

of MDD 

[Keyes 
et al., 2015] 

Human 
Peripheral 

blood 

Analysis data from 
the 2,576 women and 
assessment of MDD 
in phone interviews; 
PCR and analysis of 
two specific SNPs 

Certain ESR1 
polymorphisms 
and the use of 

hormones in the 
post-menopause 

can lead to a 
higher lifetime 
prevalence of 

MDD 

[Pinson-
neault et al., 

2013] 
Human 

Peripheral 
blood 

52 subjects with post-
partum depression vs 

225 subjects with 
mood disorder post-

partum vs 32 
subjects with no 
mood disorder; 

genotyping through 
SNPs PCR 

Two ESR1 alleles 
were significantly 
associated with 

post-partum 
depression 

[Ryan 
et al., 2012] 

Human 
Peripheral 

blood 

3521 control subjects 
vs 466 subjects who 
had suffered of MDD 
across their lifetime; 

genotyping using 
SNPs PCR 

A specific allele 
combination in the 
ESR1 gene was 
associated with a 

higher risk for 
MDD  

ESR1 
Estrogen 

Receptor 1 
[Schwaiger 
et al., 2016] 

Human 
Peripheral 

blood 

30 healthy subjects 
with a history of early 
childhood adversity 

vs 30 healthy 
subjects with no 
childhood trauma 

history both 
undergoing acute 

stress; genome-wide 
transcriptional 

profiling microarray 

ESR1 was 
downregulated in 

the group with 
early childhood 

adversities 
compared to the 

control group after 
acute stress 

FOS 

Fos Proto-
Oncogene, AP-
1 Transcription 
Factor Subunit 

[Baisley 
et al., 2011] 

Rat Brain 

Ferret stress subjects 
vs subjects suffering 
from foot shock vs 
stress-free control 

subjects; 
immunochemistry 

FOS activation 
twice as much in 

the medial 
amygdala and 
dorsomedial 

periaqueductal 
gray of ferret 

stressed subjects 
compared to 

subjects suffering 
from foot shock 
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FOS 

Fos Proto-
Oncogene, AP-
1 Transcription 
Factor Subunit 

[Hoffman 
et al., 2014] 

Rat Brain 

10 male subjects 
subjected to chronic 
stress vs 10 control 
male subjects; FOS 
immunochemistry 

FOS upregulation 
in the amygdala 

and hippocampus 
of the stressed 

subjects 

[Kaouane 
et al., 2012] 

Mouse Brain 

Prediction-cue vs 
prediction-context 

subjects being 
subjected to 

inescapable shocks - 
corticosterone 

infusion; 
immunohistochemistr

y 

FOS activation in 
each group is 
different: cue-

dependent show 
activation in the 
Amygdala while 

context-dependent 
is increased in the 

Hippocampus 

[Muhie 
et al., 2015] 

Mouse Brain 

Socially stressed 
subjects vs control 
subjects; genome 

wide arrays 

FOS is 
differentially 

regulated in mice 
after social-stress 

exposure 

FOS 

Fos Proto-
Oncogene, AP-
1 Transcription 
Factor Subunit 

[Tulogdi 
et al., 2012] 

Rat Brain 

18 subjects suffering 
a single session of 
foot shocks vs 18 
control subjects, 

examination 1 and 28 
days later; 

immunochemistry 

FOS expression 
level decreased 

one day after 
exposure and 

increased 28 days 
after compared to 

control 

HK2 Hexokinase 2 - 

HRAS 
HRas Proto-
Oncogene, 

GTPase 

[Garbett 
et al., 2015] 

Human 
Dermal 

fibroblast 

16 subjects 
diagnosed with MDD 
vs 16 healthy control 
subjects; microarrays 

HRAS was 
upregulated in the 
fibroblast of MDD 
patients compared 

to control 

[Mamdani 
et al., 2011] 

Human 
Peripheral 

blood 

63 subjects 
diagnosed with MDD 

without any 
antidepressant 

treatment vs 8 weeks 
after beginning of 

treatment with 
Citalopram; 
microarrays 

HRAS was 
upregulated after 

8 weeks of 
antidepressant 

treatment 

IFNG 
Interferon 
Gamma 

[Simon 
et al., 2008] 

Human 
Peripheral 

blood 

49 subjects with 
diagnosed MDD vs 
49 age and gender 

matched control 
subjects; cytokine 
detection system 

IFNG expression 
levels were 
elevated in 

subjects with MDD 

IMPDH1 

Inosine 
Monophos-

phate 
Dehydrogenas

e 1 

- 

JAK1 Janus Kinase 1 - 

KAT2B 
Lysine 

Acetyltransfe-
rase 2B 

- 

KLF4 
Kruppel Like 

Factor 4 
- 
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KRAS 
KRAS Proto-
Oncogene, 

GTPase 
- 

LIMK1 
LIM Domain 

Kinase 1 
- 

MAPK9 

Mitogen-
Activated 

Protein Kinase 
9 

[Choi 
et al., 2011] 

Human Brain 
45 suicide subjects 
vs 38 non-suicide 

subjects; microarray 

MAPK9 
expression levels 
were increased in 

the prefrontal 
cortex of suicide 

patients 

MCL1 

MCL1, BCL2 
Family 

Apoptosis 
Regulator 

- 

MDM2 
MDM2 Proto-

Oncogene 
- 

MMP2 
Matrix 

Metallopept-
idase 2 

- 

MXD1 
MAX 

Dimerization 
Protein 1 

- 

MYCN 

MYCN Proto-
Oncogene, 

BHLH 
Transcription 

Factor 

- 

NCOA3 
Nuclear 

Receptor 
Coactivator 3 

- 

NOTCH1 Notch 1 

[Delpech 
et al., 2016] 

Mouse Brain 

Subjects undergoing 
brief daily separation 
vs control subjects; 

Western blot 

NOTCH1 is 
downregulated in 
subjects after brief 

daily separation 
compared to 

control subjects 

[Dias et al., 
2014a] 

Mouse Brain 

Subjects subjected to 
foot-shocks paired to 
a tone vs unpaired vs 
control subjects; real 

time qPCR 

NOTCH1 is 
downregulated in 
subjects after brief 

daily separation 
compared to 

control subjects 

[Steine 
et al., 2016] 

Mouse 
and 

Human 

Brain and 
peripheral 

blood 

Subjects suffering 
maternal separation 
vs control subjects - 
Subjects undergoing 
chronic mild stress vs 

control subjects - 
genotyping of 403 
sexually abused 

subjects; microarray 
and SNP genotyping 

NOTCH1 is 
upregulated after 
early-life stress 
while elevated 

expression levels 
in victims of 

sexual abuse 
show a greater 

tendency to have 
comorbid anxiety 

or depression 
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PHLPP1 

PH Domain 
And Leucine 
Rich Repeat 

Protein 
Phosphatase 1 

[Nakano 
et al., 2016] 

Mouse Brain 

PHLPP1-knockout 
subjects vs control 

subjects were 
subjected to different 

behavior tests 

PHLPP1 is 
expressed in a 

circadian rhythm 
with higher 

expression levels 
at night mainly in 
the basolateral 

amygdala of mice 
showing anxiety-

like behavior 

PKD2 

Polycystin 2, 
Transient 
Receptor 
Potential 

Cation Channel 

[Hori 
et al., 2016] 

Human 
Peripheral 

blood 

14 medication-free 
MDD subjects vs 14 

healthy control 
subjects; microarray 

PDK2 is 
upregulated in 

subjects with MDD 
compared to 

control 

PTEN 
Phosphatase 
And Tensin 
Homolog 

[Dwivedi 
et al., 2010] 

Human 

Prefrontal 
cortex and 
Hippocam-

pus 

28 suicide subjects 
vs 21 non-psychiatric 

control subjects; 
mRNA Quantitation, 

Akt1 Assay and 
Western Blot 

PTEN's catalytic 
activity and 

phosphorylation 
state were 

decreased and the 
expression level 
was increased in 

the Prefrontal 
cortex and the 

Hippocampus of 
suicide patients 

compared to 
control 

[Garbett 
et al., 2015] 

Human 
Dermal 

fibroblast 

16 subjects 
diagnosed with MDD 
vs 16 healthy control 
subjects; microarrays 

PTEN was 
downregulated in 
the fibroblast of 
MDD patients 
compared to 

control 

[Karege 
et al., 2007] 

Human 
Ventral 

Prefrontal 
Cortex 

20 suicide subjects 
vs 20 drug-free non-
suicide subjects - of 

each group 10 
subjects had been 

diagnosed with MDD 
antemortem; Western 

blot 

PTEN activity was 
significantly 
increased in 
depressed 

subjects (both 
suicide and non-

suicide)  

[Le-
Niculescu 

et al., 2013] 
Human 

Peripheral 
blood and 

brain 

Suicide completers 
vs suicide attempters 

vs non-suicidal 
subjects; microarray 

PTEN is increased 
in suicidality  

[Mellon 
et al., 2016] 

Human 

Peripheral 
blood 

mononu-
clear cells 

20 subjects 
diagnosed with MDD 

without any 
antidepressant 

treatment vs 20 age- 
and sex-matched 

control subjects - 17 
subjects with MDD 
before and after 8 
weeks of sertraline 
treatment; genome-
wide transcriptional 

profiling 

PTEN was 
upregulated in 
leukocytes of 

subjects with MDD 
compared to 
control, no 

significant change 
in the expression 

level was 
measured after 
antidepressant 

treatment 
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RB1 

RB 

Transcriptio-

nal 

Corepressor 1 

- 

RBL1 

RB 
Transcriptio-nal 

Corepressor 
Like 1 

- 

RBL2 

RB 
Transcriptio-nal 

Corepressor 
Like 2 

- 

SDC1 Syndecan 1 - 

SMAD4 
SMAD Family 

Member 4 
- 

SOCS1 
Suppressor Of 

Cytokine 
Signaling 1 

[Muhie 
et al., 2017] 

Mouse 

Brain, 
peripheral 
blood and 

spleen 

Socially stressed 
subjects for 5- or 10-

days vs control 
subjects - 

experiments on day 
1, day 10 or day 
respectively after 
stress exposure; 

expression arrays, 
DNA methylation 

arrays and validation 
assays 

SOCS1 is 
downregulated in 
mice after social-
stress exposure 

STAT3  

Signal 
Transducer 

And Activator 
Of 

Transcription 3 

[Belzeaux 
et al., 2012] 

Human 
Peripheral 

blood 

16 subjects 
diagnosed with 
severe Major 

Depressive Episode 
vs 13 matched 

control subjects at 
baseline, 2 and 8 

weeks after 
beginning of 

antidepressant 
treatment; RT qPCR 

STAT3 
dysregulated at 

baseline, no 
significant change 
in the expression 

levels after 
beginning of 

antidepressant 
treatment 

[Garbett 
et al., 2015] 

Human 
Dermal 

fibroblast 

16 subjects 
diagnosed with MDD 
vs 16 healthy control 
subjects; microarrays 

STAT3 was 
downregulated in 
the fibroblast of 
MDD patients 
compared to 

control 

[Kwon 
et al., 2017] 

Mouse Brain 

STAT3-Knockout 
subjects vs control 

subjects subjected to 
a restraint stress 

procedure; 
genotyping 

STAT3-knockout 
mice display a 

stress resistant, 
antidepressant-

like behavior 
compared to 

control 
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STAT3  

Signal 
Transducer 

And Activator 
Of 

Transcription 3 

[Wong 
et al., 2008] 

Human 
Peripheral 

blood 

284 subjects 
diagnosed with a 
Major Depressive 
Episode vs 331 

control subjects - 
antidepressant 
treatment with 
desipramine or 

fluoxetine responders 
vs non-responders; 
genotyping essay 

A specific SNP in 
the STAT3 gene is 

associated with 
antidepressant 

treatment 
response and 
together with 

another SNP also 
associated with 

desipramine 
response 

TCEAL1 
Transcription 
Elongation 

Factor A Like 1 
- 

TGFBR2 

Transforming 
Growth Factor 
Beta Receptor 

2 

[Delpech 
et al., 2016] 

Mouse Brain 

Subjects undergoing 
brief daily separation 
vs control subjects; 

Western blot 

TGFBR2 is 
downregulated in 
the microglia of 

the hippocampus 
of subjects after 

brief daily 
separation 

compared to 
control subjects 

TGFBR2 

Transforming 
Growth Factor 
Beta Receptor 

2 

[Gaiteri 
et al., 2010] 

Human Brain 

14 subjects who had 
suffered from MDD 

vs 14 control subjects 
both postmortem; 

microarray 

TGFBR2 is 
differentially 

expressed in the 
brain of subjects 

with MDD 
compared to 

control 

[Nemoda 
et al., 2015] 

Human 
Hippocam-

pus 

12 adult male 
subjects postmortem 
with presence vs 50 
adult male subjects 

postmortem with 
absence of maternal 

depression  

Differentially 
methylated 

TGFBR2 in the 
hippocampus of 

adult men is 
associated with 

maternal 
depression 

TIMP3  - 

TLR2 
Toll Like 

Receptor 2 

[Hung 
et al., 2016] 

Human 

Peripheral 
blood 

mononu-
clear cells 

56 subjects suffering 
from MDD before vs 

4 weeks after 
beginning of 

antidepressant 
treatment; qRT-PCR 

TLR2 expression 
levels decreased 
after 4 weeks of 
antidepressant 

treatment 

[Weber 
et al., 2013] 

Rat Brain 

Animals subjected to 
inescapable tail 

shock with previous 
Intra-Cisterna magna 
injection of a TLR2 

agonist vs antagonist; 
real time RT-PCR 

TLR2 played a 
role in the stress-

induced 
neuroinflammation 

TNF 
Tumor 

Necrosis 
Factor 

[Gabbay 
et al., 2009] 

Human 
Peripheral 

blood 

30 adolescent 
subjects with 

diagnosed MDD vs 
15 healthy age-
matched control 
subjects; ELISA 

TNF displayed a 
not significant 

increment in the 
subjects with MDD 
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TNF 
Tumor 

Necrosis 
Factor 

[Li 
et al., 2014] 

Rat Amygdala 

10 stressed subjects 
suffering from 

electrical shocks vs 
10 non-stressed 
control subjects; 

microarray 

TNF was 
downregulated in 
the amygdala of 

stressed subjects 

[Muhie 
et al., 2017] 

Mouse 

Brain, 
peripheral 
blood and 

spleen 

Socially stressed 
subjects for 5- or 10-

days vs control 
subjects - 

experiments on day 
1, day 10 or day 42 
respectively after 
stress exposure; 

expression arrays, 
DNA methylation 

arrays and validation 
assays 

TNF was 
differentially 

regulated in mice 
after social-stress 

exposure 

[Pandey 
et al., 2012] 

Human Brain 

24 teenage suicide 
victims vs 24 

matched normal 
control subjects; real 

time PCR 

TNF expression 
levels were 
significantly 
increased in 

Brodmann area 10 
of suicide victims 

[Raison 
et al., 2013] 

Human 
Peripheral 

blood 

60 subjects 
diagnosed with MDD 

treated with three 
infusions of TNF-α-

antagonist vs 
placebo; ELISA 

Baseline 
concentrations of 
TNF-alpha were 

significantly higher 
in responders to 
the antagonist 
treatment, no 
change in the 
MDD outcome 

through antagonist 
therapy 

TP53 
Tumor Protein 

P53 
[Yamagata 
et al., 2017] 

Human 
Peripheral 

blood 

10 subjects with 
diagnosed MDD and 

depressed vs 13 
subjects with MDD 
and remitted vs 30 

healthy control 
subjects; microarrays 

TP53 is 
downregulated in 

subjects with MDD 

TWIST1 

Twist Family 
BHLH 

Transcription 
Factor 1 

- 

VEGFA 

Vascular 
Endothelial 

Growth Factor 
A 

[Arnold 
et al., 2012] 

Human 
Peripheral 

blood 

566 subjects from the 
Alzheimer’s Disease 

Neuroimaging 
Initiative (ADNI) at 

baseline and after 1 
year; immunoassay 

and genotyping 

VEGF serum 
levels were 

upregulated in 
subjects with 
depressive 
symptoms 

compared the rest 
of the cohort 

[Berent 
et al., 2014] 

Human 
Peripheral 

blood 

38 subjects 
diagnosed with MDD 
vs 38 healthy control 
subjects; qRT-PCR 

VEGF mRNA and 
serum level 

significantly higher 
in MDD subjects 

compared to 
control 
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VEGFA 

Vascular 
Endothelial 

Growth Factor 
A 

[Carvalho 
et al., 2014] 

Human 
Peripheral 

blood 

47 medication-free 
MDD patients and 42 

healthy controls; 
quantitative PCR 

VEGF expression 
levels were 
increased in 

subjects with MDD 

[Elfving 
et al., 2014] 

Human 
Peripheral 

blood 

155 subjects 
diagnosed with MDD 

vs 280 healthy 
control subjects; 
immunoassay 

VEGF serum 
levels were 

upregulated in 
subjects suffering 

from MDD 
compared to 

control 

[Halmai 
et al., 2013] 

Human 
Peripheral 

blood 

34 subjects suffering 
from a Major 

Depressive Episode 
before and after 4 

weeks of 
antidepressant 

treatment; ELISA 

Baseline VEGF 
level was a 
significant 

predictor for the 
end point MADRS 

score, non-
significant result 
showing higher 

baseline levels in 
the non-responder 

group 

[Huang 
et al., 2012] 

Mouse 
Hippocam-

pus 

Subjects suffering 
from chronic mild 

stress and housed in 
Standard 

Environment vs 
Enriched 

Environment for 3 to 
7 days; qPCR 

VEGF increase in 
the hippocampus 

of subjects 
housed in an 

Enriched 
Environment were 

associated with 
antidepressant-

like effects 

[Isung 
et al., 2012] 

Human 
Cerebrosp
inal fluid 

43 medication-free 
suicide attempters 

and 20 healthy male 
controls; 

immunoassay 

VEGF was 
significantly lower 

in suicide 
attempters and 

showed a 
negative 

correlation with 
depression 

severity 

[Kotan 
et al., 2012] 

Human 
Peripheral 

blood 

40 drug-free subjects 
diagnosed with MDD 
vs 40 healthy control 

subjects; 
immunoassay 

VEGF expression 
levels decreased 
with increasing 

MDD severity, no 
significant results 

between MDD 
subjects and 

control  

[Muhie 
et al., 2017] 

Mouse 

Brain, 
peripheral 
blood and 

spleen 

Socially stressed 
subjects for 5- or 10-

days vs control 
subjects - 

experiments on day 
1, day 10 or day 42 
respectively after 
stress exposure; 

expression arrays, 
DNA methylation 

arrays and validation 
assays 

VEGFA was 
upregulated in 

mice directly after 
acute and chronic 

social-stress 
exposure and 
downregulated 
after a few days 
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VEGFA 

Vascular 
Endothelial 

Growth Factor 
A 

[Xi 
et al., 2017] 

Human 
Peripheral 

blood 

437 subjects with 
diagnosed MDD vs 
477 healthy control 

subjects; GWAS 

Specific VEGF-
related SNP 

leading to lower 
serum protein 

levels was 
associated with 

increased risk for 
depression 

WEE1 
WEE1 G2 
Checkpoint 

Kinase 
- 

ZBTB4 

Zinc Finger 
And BTB 
Domain 

Containing 4 

- 

 

Supplementary Table 6. Complete table to the literature mentioning the significant miRNAs of the 

variable “CTQ” in their results. It shows all the literature results to each of the miRNA, as well as the 

study design including the examined species, the tissue and the results. The triangle shows if the 

miRNA was upregulated (red triangle pointing up) or downregulated (blue triangle pointing down). If 

our result and the result of the study coincide, the corresponding cell is filled green. miRNAs with no 

literature results are displayed using triangles filled in yellow. 

miRNA Study Species 
Tissue 
sample 

Study design Results 
Our 

results 

hsa-miR-
144-5p  

[Wang  
et al., 2015] 

Human Plasma 

1) 169 subjects with MDD 
vs 52 healthy control 

subjects - miRNA 
screening on 11 subjects 
with MDD and validated 

on the whole sample 

downregulated 
compared to 

healthy subjects 

 

2) 169 subjects with MDD 
before and after 8 weeks 
follow-up, partially with 

antidepressant treatment - 
measurement of mean 

plasma miR-144-5p level 

upregulated after 
improvement of 
symptoms, miR-
144-5p showed 

an inversed 
correlation with 

the MADRS score 

[Katsuura 
et al., 2012] 

Human 
Peripheral 

blood 

10 healthy subjects 7 
weeks and 1 day before, 
as well as immediately 
and 1 week after acute 
stress (examination for 
academic promotion) - 

miRNA screening 

significantly 
upregulated 

immediately after 
examination 

compared to 7 
weeks before 

 

hsa-miR-
103a-3p 

- 

 

hsa-miR-
2110 

- 

 

hsa-miR-
17-5p 

[Roy 
et al., 2017] 

Human 
Locus 

coeruleus 

9 depressed suicide 
subjects vs 11 non-
psychiatric control 

subjects - miRNA profiling 

upregulated 
compared to non-

psychiatric 
subjects 
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hsa-miR-
501-3p 

- 
 

hsa-miR-
107 

[Belzeaux 
et al., 2012] 

Human 
Peripheral 

blood 

16 subjects with sever 
Major Depressive 

Episode (MDE) vs 13 
matched control 

subjects, comparison at 
baseline, week 2 and 

week 8 - miRNA 
profiling 

upregulated 
comparing MDE 

subjects at 
baseline with 

controls  

 

[Smalheiser 
et al., 2011] 

Rats 
Frontal 
Cortex 

24 subjects, Learned 
Helplessness (LH) vs 

Non-Learned 
Helplessness after 

repeated inescapable 
shocks, compared to 
tested controls (TC) - 

miRNA profiling 

upregulated only 
when comparing 

the LH group 
with the TC 

 

[Sun 
et al., 2016] 

Human 
Peripheral 

blood 
leukocytes 

32 subjects with MDD 
and no previous 
antidepressant 

treatment vs 32 healthy 
control patients with no 
family record of MDD - 

miRNA profiling 

expression 
positive 

correlated with 
HAMD-17 score, 
with N1 latency 
of event-related 
potential P300 

and with P2 
latency of P300 

 

hsa-miR-
10b-5p  

- 

 

Legend: 
positive correlation 
with MDD LT 

negative correlation 
with MDD LT 

 

 
positive correlation, 
no replication in 
literature 

 
negative correlation, 
no replication in 
literature  

 

 

Supplementary Table 7. Complete table to the literature replication of the genes from the gene target 

network of the variable CTQ. It shows all the genes with literature results, gene symbol and gene 

description as in GeneCards (https://www.genecards.org/, as of 19.02.2018), as well as the study 

design including the examined species, the tissue and the results. 

Gene 
Symbol 

Gene description 
as in GeneCards 

Study Species 
Tissue 
sample 

Study design Results 

AGO1 
Argonaute 1, 

RISC Catalytic 
Component 

- 

BCL2L11 BCL2 Like 11 
[Suderman 
et al., 2014] 

Human 
Periphe-
ral blood 

12 subjects with a 
positive history of 
childhood abuse 
aged 45y vs 28 
subjects with no 

record of childhood 
abuse of the same 

age; promoter 
methylation 

analysis 

BCL2L11 was 
hypomethylated 
in subjects with 

a positive 
childhood abuse 

history 

CAV1 Caveolin 1 - 

matched literature 
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CDKN1A 
Cyclin Dependent 
Kinase Inhibitor 

1A 

[Epp 
et al., 2013] 

Human 
Hippo-
campus 

12 subjects with 
MDD without 

psychosis vs. 12 
subjects with MDD 
with psychosis vs. 
12 age-matched 

controls; p21 
Immunochemistry 

Higher levels of 
p21 expressing 
cells depended 
on the age in 
patients with 
MDD without 

psychosis and 
after AD 
treatment 

[Pechnick 
et al., 2008] 

Mouse 
Hippo-
campus 

Subjects were 
treated for 21 days 
with saline solution 
or imipramine; p21 
immunochemistry 

Treatment with 
imipramine 

showed 
antidepressant-
like behavior as 

well as 
decreased p21 

mRNA and 
protein levels in 

the 
hippocampus 

[Pechnick 
et al., 2011] 

Mouse 

Hippo-
campus 

and 
neural 

progeny-
tor cell 
cultures 

Wild-type mice and 
p21-null mice were 

treated with 
fluoxetine, 

imipramine and 
desipramine for 3 

weeks; Neural 
Stem Cells were 
isolated form the 
hippocampus of 

both subjects; p21 
Western blot 

analysis 

Decreased 
levels of p21 

and 
improvement of 
depressed-like 

behavior in wild-
type mice after 
treatment with 

antidepressants, 
Increased 
neural cell 

proliferation 
through 

downregulation 
of p21 in vitro 

CYP2C8 

Cytochrome P450 
Family 2 

Subfamily C 
Member 8 

- 

DAPK1 
Death Associated 
Protein Kinase 1 

[Li 
et al., 2018] 

Rat 
Medial 

Prefron-
tal cortex 

Subjects suffering 
from chronic 
unpredictable 

stress injected with 
an DAPK1 inhibitor 
vs. No injection - 

DAPK1 knockdown 
rats vs control - 

uncoupled 
interaction between 

DAPK1 and the 
NDMA-receptor vs 
control; Western 

blot 

DAPK1 was 
upregulated in 

the medial 
Prefrontal cortex 

of subjects 
suffering from 

chronic 
unpredictable 

stress  
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DAPK1 
Death Associated 
Protein Kinase 1 

[Lo Iacono 
et al., 2015] 

Mouse 

Periphe-
ral blood 
leuko-
cytes 

55 subjects 
exposed to 

maternal separation 
and housing with 

adult mouse for 30 
min as pups vs 62 
subjects separated 

for 30 min from 
mother vs 26 

unhandled pups; 
Microarray 

DAPK1 is 
differentially 
expressed in 

leukocytes after 
exposure to 

social stress in 
childhood 

DICER1 
Dicer 1, 
Ribonuclease III 

[Dias 
et al., 

2014b] 
Mouse 

Nucleus 
accum-
bens 

DICER1 
knockdown 

subjects vs control 
subjects; qPCR and 

Western blot 

DICER1 
knockdown led 

to social 
avoidance after 
sub-threshold 

defeat  

HIF1A 
Hypoxia Inducible 

Factor 1 Alpha 
Subunit 

[Huang 
et al., 2012] 

Mouse 
Hippo-
campus 

Subjects suffering 
from chronic mild 
stress and housed 

in Standard 
Environment vs 

Enriched 
Environment for 3 
to 7 days; qPCR 

HIF1A 
increased in the 
hippocampus of 
subjects housed 
in and Enriched 

Environment 
were associated 

with 
antidepressant-

like effects 

JAK1 Janus Kinase 1 - 

KLF4 
Kruppel Like 

Factor 4 
- 

MYB 

MYB Proto-
Oncogene, 

Transcription 
Factor 

- 

PTEN 
Phosphatase And 
Tensin Homolog 

[Dwivedi 
et al., 2010] 

Human 

Prefron-
tal cortex 

and 
Hippo-
campus 

28 suicide subjects 
vs 21 non-

psychiatric control 
subjects; mRNA 

Quantitation, Akt1 
Assay and Western 

Blot 

PTEN's catalytic 
activity and 

phosphorylation 
state were 

decreased and 
the expression 

level was 
increased in the 
Prefrontal cortex 

and the 
Hippocampus of 
suicide patients 

compared to 
control 

[Garbett 
et al., 2015] 

Human 
Dermal 

fibroblast 

16 subjects 
diagnosed with 

MDD vs 16 healthy 
control subjects; 

microarrays 

PTEN was 
downregulated 
in the fibroblast 
of MDD patients 

compared to 
control 
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PTEN 
Phosphatase And 
Tensin Homolog 

[Karege 
et al., 2007] 

Human 
Ventral 
Prefron-

tal Cortex 

20 suicide subjects 
vs 20 drug-free 

non-suicide 
subjects - of each 
group 10 subjects 

had been 
diagnosed with 

MDD antemortem; 
Western blot 

PTEN activity 
was significantly 

increased in 
depressed 

subjects (both 
suicide and non-

suicide)  

[Le-
Niculescu 

et al., 2013] 
Human 

Periphe-
ral blood 
and brain 

Suicide completers 
vs suicide 

attempters vs non-
suicidal subjects; 

microarray 

PTEN was 
increased in 
suicidality  

[Mellon 
et al., 2016] 

Human 

Periphe-
ral blood 
mono-
nuclear 

cells 

20 subjects 
diagnosed with 

MDD without any 
antidepressant 

treatment vs 20 age 
and sex-matched 
control subjects - 
17 subjects with 
MDD before and 
after 8 weeks of 

sertraline 
treatment; genome-
wide transcriptional 

profiling 

PTEN was 
upregulated in 
leukocytes of 
subjects with 

MDD compared 
to control, no 

significant 
change in the 

expression level 
was measured 

after 
antidepressant 

treatment 

RAD51 
RAD51 Recombin

ase 
- 

SNCG Synuclein Gamma - 

TIMP3 
TIMP 

Metallopeptidase 
Inhibitor 3 

[Lo Iacono 
et al., 2015] 

Mouse 

Periphe-
ral blood 
leuko-
cytes 

55 subjects 
exposed to 

maternal separation 
and housing with 

adult mouse for 30 
min as pups vs 62 
subjects separated 

for 30 min from 
mother vs 26 

unhandled pups; 
Microarray 

TIMP3 is 
differentially 
expressed in 

leukocytes after 
exposure to 

social stress in 
childhood 

VEGFA 
Vascular 

Endothelial 
Growth Factor A 

[Arnold 
et al., 2012] 

Human 
Periphe-
ral blood 

566 subjects from the 
Alzheimer’s Disease 

Neuroimaging 
Initiative (ADNI) at 

baseline and after 1 
year follow up; 

immunoassay and 
genotyping 

VEGF serum 
levels were 

upregulated in 
subjects with 
depressive 
symptoms 

compared the 
rest of the 

cohort 

[Berent 
et al., 2014] 

Human 
Periphe-
ral blood 

38 subjects 
diagnosed with 

MDD vs 38 healthy 
control subjects; 

qRT-PCR 

VEGF mRNA 
and serum level 

significantly 
higher in MDD 

subjects 
compared to 

control 
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VEGFA 
Vascular 

Endothelial 
Growth Factor A 

[Carvalho 
et al., 2014] 

Human 
Periphe-
ral blood 

47 medication-free 
melancholic MDD 
inpatients and 42 
healthy controls; 
quantitative PCR 

VEGF 
expression 
levels were 
increased in 
subjects with 

MDD 

[Elfving 
et al., 2014] 

Human 
Periphe-
ral blood 

155 subjects 
diagnosed with 

MDD vs 280 
healthy control 

subjects; 
immunoassay 

VEGF serum 
levels were 

upregulated in 
subjects 

suffering from 
MDD compared 

to control 

[Halmai 
et al., 2013] 

Human 
Periphe-
ral blood 

34 subjects 
suffering from a 

Major Depressive 
Episode before and 

after 4 weeks of 
antidepressant 

treatment; ELISA 

Baseline VEGF 
level was a 
significant 

predictor for the 
end point 

MADRS score, 
non-significant 
result showing 
higher baseline 

levels in the 
non-responder 

group 

[Huang 
et al., 2012] 

Mouse 
Hippo-
campus 

Subjects suffering 
from chronic mild 
stress and housed 

in Standard 
Environment vs 

Enriched 
Environment for 3 
to 7 days; qPCR 

VEGF increase 
in the 

hippocampus of 
subjects housed 
in an Enriched 
Environment 

were associated 
with 

antidepressant-
like effects 

[Isung 
et al., 2012] 

Human 
Cerebro-

spinal 
fluid 

43 medication-free 
suicide attempters 

and 20 healthy 
male controls; 
immunoassay 

VEGF was 
significantly 

lower in suicide 
attempters and 

showed a 
negative 

correlation with 
depression 

severity 

[Kotan 
et al., 2012] 

Human 
Periphe-
ral blood 

40 drug-free 
subjects diagnosed 

with MDD vs 40 
healthy control 

subjects; 
immunoassay 

VEGF 
expression 

levels 
decreased with 
increasing MDD 

severity, no 
significant 

results between 
MDD subjects 
and control,  
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VEGFA 
Vascular 

Endothelial 
Growth Factor A 

[Muhie 
et al., 2017] 

Mouse 

Brain, 
periphe-
ral blood 

and 
spleen 

Socially stressed 
subjects for 5- or 

10-days vs control 
subjects - 

experiments on day 
1, day 10 or day 42 
respectively after 
stress exposure; 

expression arrays, 
DNA methylation 

arrays and 
validation assays 

VEGFA was 
upregulated in 
mice directly 

after acute and 
chronic social-

stress exposure 
and 

downregulated 
after a few days 

[Xie 
et al., 2017] 

Human 
Periphe-
ral blood 

437 subjects with 
diagnosed MDD vs 
477 healthy control 

subjects; GWAS 

Specific VEGF-
related SNP led 
to lower serum 
protein levels 

was associated 
with increased 

risk for 
depression 

 

Supplementary Table 8. Complete table to the literature mentioning the significant miRNAs of the 

variable “Abuse” in their results. It shows all the literature results to each of the miRNA, as well as the 

study design including the examined species, the tissue and the results. The triangle shows if the 

miRNA was upregulated (red triangle pointing up) or downregulated (blue triangle pointing down). If 

our result and the result of the study coincide, the corresponding cell is filled green. miRNAs with no 

literature results are displayed using triangles filled in yellow.  

miRNA Study Species Tissue sample Study design Results 
Our 

results 

hsa-miR-
501-3p  

- 

 

hsa-miR-
328     

- 

 

hsa-miR-
103a-3p 

- 

 

hsa-miR-
10b-5p  

- 

 

hsa-miR-
497-5p  

- 

 

hsa-miR-
106b-5p 

[Wan 
et al., 2015] 

Human 

Cerebrospinal 
Fluid (CSF) 

and peripheral 
blood 

1) 6 subjects with MDD 
and no current treatment 
with antidepressants vs 

6 healthy control 
subjects - miRNA 

profiling 

downregulated 
only in the CSF 

compared to 
healthy control 

subjects, no 
differential 

expression in 
peripheral blood 

 

Peripheral 
blood 

2) 32 subjects with MDD 
and no current treatment 
with antidepressants vs 

21 healthy control 
subjects 

miR-106b-5p 
showed no 
differential 

expression in 
peripheral blood 
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hsa-miR-
33a-5p  

[Wan 
et al., 2015] 

Human 

Cerebrospinal 
Fluid (CSF) 

and peripheral 
blood 

1) 6 subjects with MDD 
and no current treatment 
with antidepressants vs 

6 healthy control 
subjects - miRNA 

profiling 

upregulated only 
in the CSF 

compared to 
healthy control 

subjects, no 
differential 

expression in 
peripheral blood 

 

Peripheral 
blood 

2) 32 subjects with MDD 
and no current treatment 
with antidepressants vs 

21 healthy control 
subjects 

miR-33a-5p 
showed no 
differential 

expression in 
peripheral blood 

 

hsa-miR-
2110    

- 

 

hsa-miR-
142-5p 

[Smalheiser 
et al., 2012] 

Human 
Prefrontal 

Cortex 

18 antidepressant-free 
depressed suicide 

subjects vs 17 matched 
non-psychiatric control 

subjects - miRNA 
profiling 

downregulated 
compared to 

control subjects 

 

hsa-miR-
30c-5p  

- 
 

hsa-miR-
144-5p  

[Wang 
et al., 2015] 

Human Plasma 

1) 169 subjects with 
MDD vs 52 healthy 

control subjects - miRNA 
screening on 11 subjects 
with MDD and validated 

on the whole sample 

downregulated 
compared to 

healthy subjects   

2) 169 subjects with 
MDD before and after 8 

weeks follow-up, partially 
with antidepressant 

treatment - 
measurement of mean 

plasma miR-144-5p level 

upregulated after 
improvement of 
symptoms, miR-

144-5p showed an 
inversed 

correlation with 
the MADRS score 

 

[Katsuura 
et al., 2012] 

Human 
Peripheral 

blood 

10 healthy subjects 7 
weeks and 1 day before, 
as well as immediately 
and 1 week after acute 
stress (examination for 
academic promotion) - 

miRNA screening 

upregulated 
significantly 

immediately after 
examination 

compared to 7 
weeks before 

 

hsa-miR-
423-3p  

- 

 

hsa-miR-
425-5p  

- 

 

hsa-miR-
181a-5p 

- 

 

 Legend: 
positive correlation 
with MDD LT 

negative correlation 
with MDD LT 

 

 
positive correlation, 
no replication in 
literature 

 
negative correlation, 
no replication in 
literature  

 

 

  

matched literature 
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Supplementary Table 9. Complete table to the literature replication of the genes from the gene target 

network of the variable Abuse. It shows all the genes with literature results, gene symbol and gene 

description as in GeneCards (https://www.genecards.org/, as of 19.02.2018), as well as the study 

design including the examined species, the tissue and the results.  

Gene 
Symbol 

Gene description 
as in GeneCards 

Study Species 
Tissue 
sample 

Study design Results 

ABCG2 

ATP Binding 
Cassette 

Subfamily G 
Member 2 (Junior 

Blood Group) 

- 

BCL2 
BCL2, Apoptosis 

Regulator 

[Ding 
et al., 2010] 

Rat Amygdala 

50 subjects with 
single-prolonged 

stress vs 50 
control subjects; 

immunochemistry 
and Western blot 

BCL2 increased at 
day 1 after stress 

exposure and 
decreased 
significantly 
compared to 

control afterwards 

[Muhie 
et al., 2017] 

Mouse 

Brain, 
peripheral 
blood and 

spleen 

Socially stressed 
subjects for 5- or 

10-days vs control 
subjects - 

experiments on 
day 1, day 10 or 

day 42 
respectively after 
stress exposure; 

expression arrays, 
DNA methylation 

arrays and 
validation assays 

BCL2 was 
upregulated in the 
blood, brain and 

spleen of the 
socially stressed 

subjects 

[Parker 
et al., 2012] 

Mouse Brain 

A Fear 
Conditioning 

model was used 
on the subjects for 
3 days; genome-
wide association 

analysis 

BCL2 was 
differentially 

expressed in the 
hippocampus of 

the mice that 
underwent fear 

conditioning 

[Smalheiser 
et al., 2012] 

Human 
Prefrontal 

cortex 

18 antidepressant-
free depressed 

suicide subjects vs 
17 well matched 
non-psychiatric 
control subjects; 

Western blot 

BCL2 protein 
levels were 
significantly 

downregulated in 
the depressed 

subjects compared 
to control 

[Zhang 
et al., 2014] 

Human 
Peripheral 

blood 

178 treatment-
resistant 

depressed 
subjects vs 612 
non-treatment-

resistant 
depressed 

subjects vs 725 
healthy control 

subjects; PCR of 
three specific 

SNPs 

A specific allele of 
the SNP in the 

promoter region of 
BCL2 is 

associated with 
treatment-resistant 

depression in 
males 
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BCL2L11 BCL2 Like 11 
[Suderman 
et al., 2014] 

Human 
Peripheral 

blood 

12 subjects with a 
positive history of 
childhood abuse 
aged 45y vs 28 
subjects with no 

record of 
childhood abuse of 

the same age; 
promoter 

methylation 
analysis 

BCL2L11 was 
hypomethylated in 

subjects with a 
positive childhood 

abuse history 

CCND1 Cyclin D1 - 

CCND2 Cyclin D2 

[Kerman 
et al., 2012] 

Human 
Dorsal 
raphe 

13 antemortem 
diagnosed MDD 

subjects vs 8 non-
psychiatric control 

subjects; Gene 
expression 
microarray  

CCND2 was 
downregulated in 

MDD subjects 
compared to 

control 

[Liu 
et al., 2017] 

Human 
Peripheral 

blood 

10 MDD subjects 
vs 10 control 

subjects; 
microarray 

profiling 

CCND2 was 
differentially 

expressed in the 
MDD subjects 

[Yi 
et al., 2012] 

Human 
Peripheral 

blood 

8 drugfree first-
episode subjects 

with Subsyndromal 
symptomatic 

depression vs 8 
MDD subjects vs 8 
matched controls; 

whole-genome 
cRNA microarrays  

CCND2 was 
downregulated in 

subjects with 
Subsyndromal 
symptomatic 

depression but not 
in subjects 

suffering from 
MDD 

CCNE1 Cyclin E1 - 

CDKN1A 
Cyclin Dependent 
Kinase Inhibitor 1A 

[Epp 
et al., 2013] 

Human 
Hippocam-

pus 

12 subjects with 
MDD without 

psychosis vs. 12 
subjects with MDD 
with psychosis vs. 
12 age-matched 

controls; p21 
Immunochemistry 

Higher levels of 
p21 expressing 

cells depended on 
the age in patients 
with MDD without 

psychosis and 
after AD treatment 

[Pechnick 
et al., 2008] 

Mouse 
Hippocam-

pus 

Subjects were 
treated for 21 days 
with saline solution 
or imipramine; p21 
immunochemistry 

Treatment with 
imipramine 

showed 
antidepressant-like 

behavior as well 
as decreased p21 
mRNA and protein 

levels in the 
hippocampus 
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CDKN1A 
Cyclin Dependent 
Kinase Inhibitor 1A 

[Pechnick 
et al., 2011] 

Mouse 

Hippocam-
pus and 
neural 

progenitor 
cell cultures 

Wild-type mice 
and p21-null mice 
were treated with 

fluoxetine, 
imipramine and 

desipramine for 3 
weeks; Neural 

Stem Cells were 
isolated form the 
hippocampus of 

both subjects; p21 
Western blot 

analysis 

Decreased levels 
of p21 and 

improvement of 
depressed-like 

behavior in wild-
type mice after 
treatment with 

antidepressants, 
Increased neural 
cell proliferation 

through 
downregulation of 

p21 in vitro 

DDIT4 
DNA Damage 

Inducible 
Transcript 4  

[Malki 
et al., 2015] 

Rat and 
Human 

Brain 

17 Flinders' 
sensitive line 

subjects vs 22 
Flinders' resistant 
line subjects - 11 

subjects 
diagnosed with 

MDD vs 15 age-
matched control 

subjects; 
microarray 

DDIT4 was 
upregulated in the 
Prefrontal cortex of 
subjects suffering 

from MDD 

[Ota 
et al., 2014] 

Rat, 
Human 

and 
Mouse 

Brain 

Subjects suffering 
from chronic 
unpredictable 

stress vs control - 
postmortem 

subjects 
diagnosed with 
MDD vs control 

postmortem 
subjects - DDIT4 
Knockout mice vs 
control suffering 

chronic 
unpredictable 

stress; Western 
blot and real time-

qPCR 

DDIT4 was 
upregulated after 

exposure to 
chronic 

unpredictable 
stress 

DICER1 
Dicer 1, 

Ribonuclease III 
[Dias et al., 

2014b] 
Mouse 

Nucleus 
accumbens 

DICER1 
knockdown 

subjects vs control 
subjects; qPCR 

and Western blot 

DICER1 mediated 
resilience and 

anxiolysis after β-
catenin interaction 

E2F5 
E2F Transcription 

Factor 5 
[Surget 

et al., 2009] 
Mouse Brain 

Subjects were 
subjected to 

unpredictable mild 
chronic stress for 7 
weeks and treated 
with fluoxetine vs 
CRF1-antagonist 

vs the vehicle from 
the third week on; 

microarray 

E2F5 was 
downregulated 

after 
antidepressant 
treatment and 

displayed 
significant results 

in the group 'mood 
and therapeutic' 
only in the glia 

cells of the 
cingulate cortex 

KAT2B 
Lysine 

Acetyltransferase 
2B 

- 
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KLF4 
Kruppel Like 

Factor 4 
- 

MAP2K1 
Mitogen-Activated 

Protein Kinase 
Kinase 1 

[Garbett 
et al., 2015] 

Human 
Dermal 

fibroblast 

16 subjects 
diagnosed with 

MDD vs 16 healthy 
control subjects; 

microarrays 

MAP2K1 was 
upregulated in the 
fibroblast of MDD 
patients compared 

to control 

NCOR2 
Nuclear Receptor 

Corepressor 2 
- 

NOTCH1 Notch 1 

[Delpech 
et al., 2016] 

Mouse Brain 

Subjects 
undergoing brief 

daily separation vs 
control subjects; 

Western blot 

NOTCH1 was 
downregulated in 
subjects after brief 

daily separation 
compared to 

control subjects 

[Dias et al., 
2014a] 

Mouse Brain 

Subjects subjected 
to foot-shocks 

paired to a tone vs 
unpaired vs control 
subjects; real time 

qPCR 

NOTCH1 was 
downregulated in 
subjects after brief 

daily separation 
compared to 

control subjects 

[Steine 
et al., 2016] 

Mouse 
and 

Human 

Brain and 
peripheral 

blood 

Subjects suffering 
maternal 

separation vs 
control subjects - 

Subjects 
undergoing 

chronic mild stress 
vs control subjects 

- genotyping of 
403 sexually 

abused subjects; 
microarray and 

SNP genotyping 

NOTCH1 was 
upregulated after 
early-life stress 
while elevated 

expression levels 
in victims of sexual 

abuse show a 
greater tendency 
to have comorbid 

anxiety or 
depression 

PPARA 

Peroxisome 
Proliferator 

Activated Receptor 
Alpha 

- 

PTEN 
Phosphatase And 
Tensin Homolog 

[Dwivedi 
et al., 2010] 

Human 

Prefrontal 
cortex and 

Hippo-
campus 

28 suicide subjects 
vs 21 non-

psychiatric control 
subjects; mRNA 

Quantitation, Akt1 
Assay and 

Western Blot 

PTEN's catalytic 
activity and 

phosphorylation 
state were 

decreased and the 
expression level 
was increased in 

the Prefrontal 
cortex and the 

Hippocampus of 
suicide patients 

compared to 
control 

[Garbett 
et al., 2015] 

Human 
Dermal 

fibroblast 

16 subjects 
diagnosed with 

MDD vs 16 healthy 
control subjects; 

microarrays 

PTEN was 
downregulated in 
the fibroblast of 
MDD patients 
compared to 

control 
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PTEN 
Phosphatase And 
Tensin Homolog 

[Karege 
et al., 2007] 

Human 
Ventral 

Prefrontal 
Cortex 

20 suicide subjects 
vs 20 drug-free 

non-suicide 
subjects - of each 
group 10 subjects 

had been 
diagnosed with 

MDD antemortem; 
Western blot 

PTEN activity was 
significantly 
increased in 
depressed 

subjects (both 
suicide and non-

suicide)  

[Le-
Niculescu 

et al., 2013] 
Human 

Peripheral 
blood and 

brain 

Suicide completers 
vs suicide 

attempters vs non-
suicidal subjects; 

microarray 

PTEN was 
increased in 
suicidality  

[Mellon 
et al., 2016] 

Human 
Peripheral 

blood mono-
nuclear cells 

20 subjects dia-
gnosed with MDD 
without any anti-
depressant treat-
ment vs 20 age 

and sex-matched 
control subjects - 
17 subjects with 
MDD before and 
after 8 weeks of 
sertraline treat-
ment; genome-

wide trans-
criptional profiling 

PTEN was 
upregulated in 
leukocytes of 

subjects with MDD 
compared to 
control, no 

significant change 
in the expression 

level was 
measured after 
antidepressant 

treatment 

RUNX2 
Runt Related Trans-

cription Factor 2 
- 

SIRT1 Sirtuin 1 

[Abe 
et al., 2011] 

Human 
Peripheral 

blood 

20 depressed 
MDD subjects vs 

39 remissive MDD 
subjects vs 12 

depressed 
subjects with 

bipolar disorder vs 
32 subjects with 

bipolar disorder on 
remission vs 32 
healthy control 
subjects; qPCR 

SIRT1 significantly 
decreased in 

subjects suffering 
from a current 

depressive 
episode compared 

to subjects in 
remissive state 

and controls  

[CONVERGE 
Consortium

, 2015] 
Human Saliva 

5303 female 
subjects with 

recurrent MDD vs 
5337 controls 

A specific SNP in 
the gene SIRT1 
was associated 

with an increased 
risk for MDD 

[Kim 
et al., 2016] 

Mouse 
Nucleus 

accumbens 

Animals subjected 
to chronic social 
defeat stress vs 
control - animals 
suffering chronic 

social defeat 
stress treated with 
resveratrol vs no 

treatment - 
animals exposed 
to stress treated 

with EX-527 vs no 
treatment; 

immunoblotting 

SIRT1 expression 
levels were 

increased in the 
subjects displaying 

depression-like 
behavior after 
suffering from 
chronic social 
defeat stress 
compared to 

control 
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SIRT1 Sirtuin 1 

[Kishi 
et al., 2010] 

Human 
Peripheral 

blood 

450 subjects 
diagnosed with 

MDD, of which 261 
had been treated 
with SSRI vs 766 

healthy control 
subjects; SNP 

genotyping 

A specific SNP 
allele in the SIRT1 

gene was 
associated with an 
increased risk for 

MDD, no 
association was 
found between 

SSRI therapy and 
SIRT1 

[Kovanen 
et al., 2015] 

Human 
Peripheral 

blood 

249 subjects 
diagnosed with 
MDD vs 3597 

control subjects; 
genotyping 

A specific SNP 
allele in the SIRT1 

gene was 
associated with 

depressive 
disorders 

[Libert 
et al., 2011] 

Mouse Brain 

SIRT1 knockout 
subjects vs SIRT1 

overexpressing 
subjects vs 

wildtype subjects; 
RT-PCR 

SIRT1 knockout 
mice showed 

antidepressant 
and anxiolytic-like 

behavior 

[Liu 
et al., 2017] 

Rat Brain 

Animals subjected 
to chronic 

unpredictable 
stress with no 
treatment vs 

treatment with 
H2S vs treatment 

with sirtinol; 
Western blot 

SIRT1 was 
downregulated 
after chronic 
unpredictable 

stress compared 
to control, elevated 

SIRT1 display 
antidepressant-like 

behavior 

[Lo Iacono 
et al., 2015] 

Mouse 
and 

Human 

Brain and 
peripheral 

blood mono-
nuclear cells 

Subjects suffering 
from early social 

isolation vs control 
subjects - 27 

subjects 
diagnosed with 
MD currently 
suffering from 
depression vs 
healthy control 

subjects; real time 
qRT-PCR 

SIRT1 expression 
levels were 

downregulated in 
the brain and 

Peripheral blood 
mononuclear cells 

of the subjects 
who had suffered 
early life stress 
and correlates 

negatively with the 
severity of 
depressive 

symptoms in 
humans 

STAT3 
Signal Transducer 
And Activator Of 
Transcription 3 

[Belzeaux 
et al., 2012] 

Human 
Peripheral 

blood 

16 subjects 
diagnosed with 
severe Major 
Depressive 

Episode vs 13 
matched control 

subjects at 
baseline, 2 and 8 

weeks after 
beginning of 

antidepressant 
treatment; RT 

qPCR 

STAT3 
dysregulated at 

baseline, no 
significant change 
in the expression 

levels after 
beginning of 

antidepressant 
treatment 
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STAT3 
Signal Transducer 
And Activator Of 
Transcription 3 

[Bordner 
et al., 2011] 

Mouse Brain 

Subjects suffering 
from maternal 

separation with 
early weaning vs. 
Control subjects 
with no maternal 
separation and 
normal dated 

weaning; 
Microarray 

STAT3 was 
differentially 

dysregulated in 
mice after 
maternal 

separation with 
early weaning 

[Garbett 
et al., 2015] 

Human 
Dermal 

fibroblast 

16 subjects 
diagnosed with 

MDD vs 16 healthy 
control subjects; 

microarrays 

STAT3 was 
downregulated in 
the fibroblast of 
MDD patients 
compared to 

control 

[Kwon 
et al., 2017] 

Mouse Brain 

STAT3-Knockout 
subjects vs control 
subjects subjected 

to a restraint 
stress procedure; 

genotyping 

STAT3-knockout 
mice displayed a 
stress resistant, 

antidepressant-like 
behavior 

compared to 
control 

[Wong 
et al., 2008] 

Human 
Peripheral 

blood 

284 subjects 
diagnosed with a 
Major Depressive 
Episode vs 331 

control subjects - 
antidepressant 
treatment with 
desipramine or 

fluoxetine 
responders vs 

non-responders; 
genotyping essay 

A specific SNP in 
the STAT3 gene 
was associated 

with 
antidepressant 

treatment 
response together 
with another SNP, 

also associated 
with desipramine 

response 

TP53 Tumor Protein P53 
[Yamagata 
et al., 2017] 

Human 
Peripheral 

blood 

10 subjects with 
diagnosed MDD 

and depressed vs 
13 subjects with 

MDD and remitted 
vs 30 healthy 

control subjects; 
microarrays 

TP53 was 
downregulated in 

subjects with MDD 

TWIST1 

Twist Family 
BHLH 

Transcription 
Factor 1 

- 

WEE1 
WEE1 G2 

Checkpoint Kinase 
- 
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Supplementary Table 10. Complete table to the literature mentioning the significant miRNAs of the 

variable “Neglect” in their results. It shows all the literature results to each of the miRNA, as well as the 

study design including the examined species, the tissue and the results. The triangle shows if the 

miRNA was upregulated (red triangle pointing up) or downregulated (blue triangle pointing down). If 

our result and the result of the study coincide, the corresponding cell is filled green. miRNAs with no 

literature results are displayed using triangles filled in yellow.  

miRNA Study Species 
Tissue 
sample 

Study design Results 
Our 

results 

hsa-miR-
144-5p  

[Wang 
et al., 2015] 

Human Plasma 

1) 169 subjects with 
MDD vs 52 healthy 
control subjects - 

miRNA screening on 
11 subjects with MDD 
and validated on the 

whole sample 

downregulated 
compared to 

healthy subjects 

   

2) 169 subjects with 
MDD before and after 

8 weeks follow-up, 
partially with 

antidepressant 
treatment - 

measurement of 
mean plasma miR-

144-5p level 

upregulated after 
improvement of 
symptoms, miR-

144-5p showed an 
inversed 

correlation with the 
MADRS score 

[Katsuura 
et al., 2012] 

Human 
Peri-

pheral 
blood 

10 healthy subjects 7 
weeks and 1 day 
before, as well as 
immediately and 1 
week after acute 

stress (examination 
for academic 

promotion) - miRNA 
screening 

upregulated 
significantly 

immediately after 
examination 

compared to 7 
weeks before 

 

hsa-miR-
136-5p  

- 

 

hsa-miR-
543     

[Svenningsen 
et al., 2016] 

Rats 

Medial 
and 

Lateral 
Habe-
nula 

24 subjects receiving 
inescapable shock, of 

which 12 showed 
Learned Helplessness 

(LH) vs 12 Non-
Learned Helplessness 
(NLH), vs 12 control 

subjects - miRNA 
profiling 

downregulated 
significantly in the 
lateral Habenula of 
subjects displaying 

LH compared to 
control, miR-543 
did not show any 

differential 
expression in 

subjects displaying 
NLH compared to 

control 

 

hsa-miR-
502-3p  

[Bocchio-
Chiavetto 

et al., 2013] 
Human 

Peri-
pheral 
blood 

10 subjects with MDD 
and no previous 
antidepressant 

treatment (AT) on 
week 0 vs. week 12 of 

escitalopram 
treatment showing 
response to AT - 
miRNA profiling 

upregulated after 
12 weeks of 
escitalopram 

treatment 
compared to week 

0 
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hsa-miR-
199a-5p 

- 

 

hsa-miR-
324-5p  

[Dwivedi 
et al., 2015] 

Rats 
Pooled 
Brain 

32 subjects being 
treated with 

corticosteroids once 
daily with a specific 
dose for 21 days vs. 
32 control subjects 
being treated only 
with the vehicle - 
miRNA profiling 

upregulated 
compared to 

control subjects 

 

[Smalheiser 
et al., 2012] 

Human 
Pre-

frontal 
Cortex 

18 antidepressant-
free depressed 

suicide subjects vs 17 
matched non-

psychiatric control 
subjects - miRNA 

profiling 

downregulated 
compared to 

control subjects 

 

hsa-miR-
132-3p  

- 

 

 Legend: 
positive correlation 
with MDD LT 

negative correlation 
with MDD LT 

 

 
positive correlation, 
no replication in 
literature 

 
negative correlation, 
no replication in 
literature  

 

 

Supplementary Table 11. Complete table to the literature replication of the genes from the gene target 

network of the variable Neglect. It shows all the genes with literature results, gene symbol and gene 

description as in GeneCards (https://www.genecards.org/, as of 19.02.2018), as well as the study 

design including the examined species, the tissue and the results.  

Gene 
Symbol 

Gene 
description as in 

GeneCards 
Study Species 

Tissue 
sample 

Study design Results 

SIRT1 Sirtuin 1 

[Abe 
et al., 2011] 

Human 
Peripheral 

blood 

20 depressed MDD 
subjects vs 39 
remissive MDD 
subjects vs 12 

depressed subjects 
with bipolar disorder 
vs 32 subjects with 
bipolar disorder on 

remission vs 32 
healthy control 
subjects; qPCR 

SIRT1 significantly 
decreased in 

subjects suffering 
from a current 

depressive 
episode compared 

to subjects in 
remissive state 

and controls  

[CONVERGE 
Consortium

, 2015] 
Human Saliva 

5303 female subjects 
with recurrent MDD 

vs 5337 controls 

A specific SNP in 
the gene SIRT1 
was associated 

with an increased 
risk for MDD 

matched literature 
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SIRT1 Sirtuin 1 

[Kim 
et al., 2016] 

Mouse 
Nucleus 
accum-
bens 

Animals subjected to 
chronic social defeat 

stress vs control - 
animals suffering 

chronic social defeat 
stress treated with 
resveratrol vs no 

treatment - animals 
exposed to stress 

treated with EX-527 
vs no treatment; 
immunoblotting 

SIRT1 expression 
levels were 

increased in the 
subjects displaying 

depression-like 
behavior after 
suffering from 
chronic social 
defeat stress 
compared to 

control 

[Kishi 
et al., 2010] 

Human 
Peripheral 

blood 

450 subjects 
diagnosed with MDD 

vs 766 healthy 
control subjects; SNP 

genotyping 

A specific SNP 
allele in the SIRT1 

gene was 
associated with an 
increased risk for 

MDD, no 
association 

between SIRT1 
and SSR 
treatment 

[Kovanen 
et al., 2015] 

Human 
Peripheral 

blood 

249 subjects 
diagnosed with MDD 

vs 3597 control 
subjects; genotyping 

A specific SNP 
allele in the SIRT1 

gene was 
associated with 

depressive 
disorders 

[Libert 
et al., 2011] 

Mouse Brain 
SIRT1 knockout 

subjects vs wildtype 
subjects; RT-PCR 

SIRT1 knockout 
mice showed 

antidepressant 
and anxiolytic-like 

behavior 

[Liu 
et al., 2017] 

Rat Brain 

Animals subjected to 
chronic unpredictable 

stress with no 
treatment vs 

treatment with H2S 
vs treatment with 

sirtinol; Western blot 

SIRT1 was 
downregulated 
after chronic 
unpredictable 

stress compared 
to control, 

elevated SIRT1 
display 

antidepressant-like 
behavior 

[Lo Iacono 
et al., 2015] 

Mouse 
and 

Human 

Brain and 
peripheral 

blood 
mono-
nuclear 

cells 

Subjects suffering 
from early social 

isolation vs control 
subjects - 27 subjects 
diagnosed with MD 
currently suffering 
from depression vs 

healthy control 
subjects; real time 

qRT-PCR 

SIRT1 expression 
levels were 

downregulated in 
the brain and 

Peripheral blood 
mononuclear cells 

of the subjects 
who had suffered 
early life stress 

and correlates with 
the severity of 

depressive 
symptoms in 

humans 

ARID1B 
AT-Rich 

Interaction 
Domain 1B 

- 
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C8orf33 
Chromosome 8 
Open Reading 

Frame 33 
- 

CD55 
CD55 Molecule 
(Cromer Blood 

Group) 
- 

CENPO 
Centromere 
Protein O 

[Hervé 
et al., 2017] 

Mouse 
and 

human 

Brain and 
peripheral 

blood 

8 subjects suffering 
from unpredictable 

chronic mild stress vs 
8 not stressed 

subjects both treated 
with fluoxetine vs no 

treatment - 10 
subjects diagnosed 
with severe Major 

Depressive Episode 
vs 10 control healthy 
subjects; RT-q-PCR 

CENPO was 
upregulated in 

subjects suffering 
from Major 
Depressive 
Episode and 

shows a positive 
correlation with the 

HDRS score  

CHCHD
4 

Coiled-Coil-
Helix-Coiled-

Coil-Helix 
Domain 

Containing 4 

- 

CRK 
CRK Proto-
Oncogene, 

Adaptor Protein 
- 

CRTC1 

CREB 
Regulated 

Transcription 
Coactivator 1 

- 

CSTF2T 

Cleavage 
Stimulation 

Factor Subunit 
2 Tau Variant 

- 

CYP20A
1 

Cytochrome 
P450 Family 20 

Subfamily A 
Member 1 

- 

DDX3X 
DEAD-Box 

Helicase 3, X-
Linked 

- 

EIF4G3 

Eukaryotic 
Translation 

Initiation Factor 
4 Gamma 3 

[Bordner 
et al., 2011] 

Mouse Brain 

Subjects suffering 
from maternal 

separation with early 
weaning vs. Control 

subjects with no 
maternal separation 
and normal dated 

weaning; Microarray 

EIF4G3 was 
differentially 

dysregulated in 
mice after 
maternal 

separation with 
early weaning 

FOXO1 
Forkhead Box 

O1 
[Guidotti 

et al., 2013] 
Rat Brain 

Subjects suffering 
from chronic stress 

for 21 days vs 
controls with 21 days 

of treatment with 
duloxetine afterwards 
vs no treatment; real 

time RT-PCR 

FOXO1 gene 
expression levels 
were reduced in 

stressed subjects 
and is upregulated 

after duloxetine 
treatment 

GANAB 
Glucosidase II 
Alpha Subunit 

- 

GNB1 
G Protein 

Subunit Beta 1 
- 
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GNB2L1 

Guanine 
Nucleotide 

Binding Protein 
(G Protein), 

Beta 
Polypeptide 2-

Like 1 

- 

HSPA1B 

Heat Shock 
Protein Family 

A (Hsp70) 
Member 1B 

[Le-
Niculescu 

et al., 2011] 
Mouse 

Brain and 
peripheral 

blood 

Male subjects with 
injection of yohimbine 

vs diazepam vs 
combination of both 

vs control; 
microarrays and RNA 

extraction and 
hybridization 

HSPA1B was 
increased in the 
Prefrontal cortex 
and the blood of 

the subjects 
treated with 

diazepam and 
increased in the 
hippocampus of 

the subjects 
treated with 
yohimbine 

compared to 
control 

[Surget 
et al., 2009] 

Mouse Brain 

Subjects were 
subjected to 

unpredictable mild 
chronic stress for 7 
weeks and treated 

either with fluoxetine, 
with CRF1-antagonist 

or with the vehicle 
from the third week 

on; microarray 

HSPA1B was 
downregulated 

after 
antidepressant 
treatment and 

displayed 
significant results 
in both groups, 

'mood and 
therapeutic' and 
'therapeutic only' 
in the glia cells of 

the cingulate 
cortex of mice 

MDM4 
MDM4, P53 
Regulator 

- 

NARS 
Asparaginyl-

TRNA 
Synthetase 

- 

PFAS 
Phosphoribosylf
ormylglycinamid

ine Synthase 
- 

PIN1 

Peptidylprolyl 
Cis/Trans 

Isomerase, 
NIMA-

Interacting 1 

- 

PLXND1 Plexin D1 - 

POTEG 
POTE Ankyrin 
Domain Family 

Member G 
- 

PTGS2 
Prostaglandin-
Endoperoxide 

Synthase 2 

[Muhie 
et al., 2015] 

Mouse Brain 

Socially stressed 
subjects vs control 
subjects; genome 

wide arrays 

PTGS2 was 
downregulated in 
mice after social-
stress exposure 
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RER1 

Retention In 
Endoplasmic 

Reticulum 
Sorting 

Receptor 1 

- 

RNF6 
Ring Finger 

Protein 6 
- 

SLC26A
2 

Solute Carrier 
Family 26 
Member 2 

- 

SLC38A
2 

Solute Carrier 
Family 38 
Member 2 

- 

SNAP25 
Synaptosome 

Associated 
Protein 25 

[Duric 
et al., 2013] 

Human 
and rat 

Hippo-
campus 

21 subjects 
diagnosed with MDD 
vs 18 age-matched 

non-psychiatric 
control subjects - 

subjects subjected to 
chronic unpredictable 

stress vs control 
subjects; gene 

expression profiles 

SNAP25 
expression levels 
were decreased in 
MDD subjects and 
subjects suffering 

from chronic 
unpredictable 

stress 

[Guilloux 
et al., 2012] 

Human Brain 

21 female subjects 
diagnosed with MDD 
vs 21 female control 

non-psychiatric 
subjects; qPCR 

SNAP25 
downregulated in 

MDD subjects 

[Sequeira 
et al., 2009] 

Human Brain 

16 suicide subjects 
suffering from MDD 

vs 10 suicide 
subjects with no 

diagnosed MDD vs 
13 control non-

psychiatric subjects; 
microarray 

SNAP25 was 
differentially 
expressed in 

suicide patients 
suffering from 

MDD 

[Tripp 
et al., 2012] 

Mouse 
and 

human 

Cingulate 
cortex 

Subjects with 
reduced BDNF-

function vs BDNF 
knockout subjects - 

51 subjects 
diagnosed with MDD 

vs 51 control 
subjects; PCR 

SNAP25 was 
downregulated in 

the Cingulate 
cortex of subjects 

with MDD 

[Zhurov 
et al., 2012] 

Human Brain 

10 depressed 
subjects who died by 
suicide vs 9 control 

non-psychiatric 
subjects; microarray 

SNAP25 was 
downregulated in 
depressed suicide 
subjects compared 

to control 

SNX7 Sorting Nexin 7 - 

SOBP 
Sine Oculis 

Binding Protein 
Homolog 

- 

SOCS7 
Suppressor Of 

Cytokine 
Signaling 7 

- 
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SOD2 
Superoxide 
Dismutase 2 

[Mellon 
et al., 2016] 

Human 

Peripheral 
blood 
mono-
nuclear 

cells 

 20 unmedicated 
MDD subjects vs 20 

age-, sex- and 
ethnicity-matched 
healthy controls vs 

17 of the MDD 
subjects after 8 

weeks of sertraline 
treatment; genome-
wide transcriptional 

profiling  

SOD2 expression 
levels were higher 

in subjects with 
MDD and lower 
significantly after 
antidepressant 

treatment 

[Money 
et al., 2016]  

Human 
Dermal 

fibroblasts 

7 female subjects 
with MDD vs 7 
control female 

subjects both with 
cytokine treatment; 

real time qPCR 

SOD2 expression 
levels were higher 

in the dermal 
fibroblasts of MDD 
subjects after IL6-

stimulation 
compared to 

control 

SOX9 SRY-Box 9 
[Xu 

et al., 2015] 
Human 

Peripheral 
blood 
mono-
nuclear 

cells 

8 subjects diagnosed 
with MDD vs 5 

subjects diagnosed 
with subsyndromal 

symptomatic 
depression vs 8 
healthy control 

subjects; differential 
regulation analysis 

SOX9 was 
downregulated in 

MDD subjects 
compared with 

subjects suffering 
from 

subsyndromal 
symptomatic 
depression 

TRIM23 
Tripartite Motif 
Containing 23 

- 

ZNF148 
Zinc Finger 
Protein 148 

- 

ZNF711 
Zinc Finger 
Protein 711 

- 
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7. Summary 

Being the victim of traumatizing events has consequences that can lead to well-

known mental disorders, such as depression. However, newest studies show that 

these events do not only affect the victims’ behavior, but also the expression levels of 

specific genes in their blood and in their brain. Latest research discovered little 

pieces of RNA in the cells that were long thought to be genetic junk. Nevertheless, 

these so-called miRNAs can regulate the expression of multiple genes, thus 

modulating metabolism and cell functioning.  

The aim of this study was to see if childhood traumatization led to a set of 

differentially expressed miRNA profiles in the peripheral blood. For this, we used 

subjects from the SHIP trend cohort, who had previously answered various 

questionnaires, among them the Childhood Trauma Questionnaire and the Patients 

Health Questionnaire-9 and analyzed the miRNAs in their blood to find out whether 

there was an association between the score and the dysregulation of certain 

miRNAs. Furthermore, we selected 5 different independent variables: PHQ-trend, 

CTQ score, as well as its subscales Abuse and Neglect, and Major Depressive 

Disorder lifetime prevalence. The analyses showed a set of up- or downregulated 

miRNAs in the blood. In a second step, we tried to replicate our results comparing 

them to results in the literature. Some of the significantly dysregulated miRNAs had 

previously been described as key players in the pathogenesis of MDD, a few even 

displaying similar results to ours. The next step was to see if the significant miRNAs 

had common target genes and if these had been described in the literature as having 

an influence on MDD, showing positive results. One last step was to see if there were 

also common biological pathways that were modulated by the differentially expressed 

miRNA. This analysis did not show promising results since there were almost no 

brain pathways among the results. 

For future studies, it will be necessary to validate our results using a clinical sample, 

such as GANI_MED, where the prevalence of childhood traumatization, as well as 

MDD, is much higher. By doing this, new possibilities of trauma treatment through 

modulation of epigenetic pathways could arise. If childhood traumatization leads to a 

set of dysregulated miRNAs that can end in a positive diagnosis of MDD in 

adulthood, what effects could have a targeted miRNA therapy on the pathogenesis of 

these psychiatric disorders?  
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7.1. Zusammenfassung – deutsche Übertragung 

Traumatische Erlebnisse können bei ihren Opfern zu belegten psychiatrischen 

Störungen führen. Aktuelle Studien zeigen zudem, dass die Auswirkung von 

Traumata sich nicht nur im Verhalten der Betroffenen zeigt, sie beeinflusst sogar die 

Aktivität spezifischer Gene in Blut und Gehirn. Demnach besitzen miRNAs, RNA-

Bruchstücke die lange als genetischer Abfall eingeordnet wurden, die Fähigkeit, 

Gene zu beeinflussen, und somit den Metabolismus und Zellfunktionen zu regulieren.  

Diese Arbeit eruiert, ob Kindheitstraumata die Expression von miRNAs im Blut der 

Opfer verändern. Im Rahmen der SHIP Trend Studie beantworteten Probanden unter 

anderem die standardisierten Fragebögen ‚PHQ 9‘, ‚CTQ‘, und ‚Munich Composite 

International Diagnostic Interview‘. Eine Blutanalyse vergleicht die Ergebnisse der 

Fragebögen mit der Expression bestimmter miRNAs bei den Probanden und zeigt 

eine Reihe hoch- und herabregulierter miRNAs auf. Manche der in unserer Studie als 

dysreguliert erwiesenen miRNAs wurden in der Literatur bereits im Zusammenhang 

mit Depression dokumentiert, teils mit vergleichbaren Ergebnissen zu unseren. 

Als nächstes prüften wir, ob signifikante miRNAs unseres Experiments gemeinsame 

Gene modulieren und ob diese Gene in der Literatur als Akteure in der Entstehung 

und Erhaltung von Depression verstanden werden. Abschließende Untersuchungen 

sollten zeigen, ob die miRNAs auch gemeinsame biologische Signalwege regulieren. 

Obgleich sie tatsächlich an gemeinsamen Signalwegen beteiligt sind, zeigte sich 

kaum Einfluss auf Gehirnmetabolismus oder -aktivität. 

Unsere Ergebnisse bedürfen der Validierung in weiteren Experimenten. Wir sehen 

die Möglichkeit der Wiederholung mit einer klinischen Stichprobe, zum Beispiel im 

Rahmen der GANI_MED Studie, wo die Prävalenz von Kindheitstraumata, aber auch 

von Depression höher sind. 

Dieser Ansatz eröffnet neue Möglichkeiten der Therapierbarkeit psychiatrischer 

Folgeerkrankungen über die Regulierung epigenetischer Mechanismen. Wenn 

Kindheitstraumata die Expression von miRNAs im Blut der Opfer so verändern, dass 

im Erwachsenenalter folglich eine Depression diagnostiziert wird, welche 

Auswirkungen hätte eine gezielte, frühzeitige Therapie mittels miRNA-Modulation auf 

die Eindämmung dieser psychiatrischen Erkrankungen? 
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