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ABSTRACT 
Bipolar disorder is a complex and highly heritable psychiatric disorder characterized by severe mood alterations. The precise genetic 
underpinnings of the disease have not been identified so far, despite numerous genome-wide association findings. This review describes the 
current state of genetic studies based on next generation sequencing technologies including whole exome and whole genome sequencing, as 
well as RNA-sequencing and highlights the fact that the integration of these studies can reveal novel knowledge such as the functional role 
of gene variants. However, due to the complexity of bipolar disorder, it is a compelling candidate for studies beyond DNA and RNA 
sequencing. Epigenetic alterations, defined as heritable but reversible modifications including DNA methylation, DNA 
hydroxymethylation, histone modifications and non-coding RNAs may be the link between genome and environment interactions. 
Additionally, a possible source of the reported immune activation in bipolar disorder is the micro biome of gastrointestinal tract, due to 
recent studies that indicate its pivotal role in brain function through the ‘gut-brain’ axis. The identification of methods able to modulate the 
micro biome emerges as a promising path for novel diagnostic and treatment options in bipolar disorder, thus the number of metagenomic 
studies in bipolar disorder has substantially increased the last years. Overall, the paper aims to review the most recent literature on 
genomic, epigenomic and metagenomic studies that have contributed to our understanding of the pathophysiology of bipolar disorder so 
far. The paper also focuses on the exploitation of recent advancements in high-throughput technologies for the elucidation of bipolar 
disorder through different approaches that may provide complementary knowledge and concludes to the need for merging the gap between 
all the gathered knowledge from the analysis of high-throughput data. 
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INTRODUCTION 

The last twenty years have changed perspective regarding 
psychiatric research internationally, due to many 
breakthroughs in the field of genetics and high-throughput 
technologies that have enabled parallel sequencing of 
hundreds of DNA and RNA molecules. In the 20th century, 
family, twin and adoption studies have shown that 
psychiatric disorders occur in families with an established 
hereditary component [1]. Genome-wide association studies 
(GWAS) can be considered a turning point in the study of 
the genetic basis in Psychiatric Diseases. GWAS studies are 
unbiased genome screens that search for associations of 
common genetic variants between individuals with specific 
diseases. Common genetic variation in psychiatry has been 
proved insufficient for clinical applications, since there are 
still unidentified genetic factors that contribute to the 
diseases’ heritability, a fact that is also known as the 
“missing heritability” [2]. The scientific community has 
identified the need to integrate various lines of research into 
the molecular basis of such complex diseases, exploiting 
advancements in next generation sequencing (NGS) 
technologies [3]. 

Βipolar disorder as a heritable disorder 

Bipolar disorder (BD) is a severe psychiatric disorder, 
characterized by extreme fluctuations in mood. The disease 
affects around 1% of the world’s population and it is among 
the main causes of disability in young people [4]. Its 
diagnosis is presently based on subjective clinical criteria, 
determined by widely acknowledged classification tools, like 
the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5) [5] or the 10th revision of the International 
Classification of Diseases (ICD-10) [6]. Most BD patients 
are classified either in BD 1 subtype (manic and/or mixed 
episodes) or in BD 2 subtype (depressed and/or hypomanic 
episodes). 

Even though environmental factors can trigger BD onset, the 
genetic predisposition of the disease is strongly supported by 
family and twin studies [7]. 

Heritability of BD considers the percentage of genetic 
variation that is considered responsible for the manifestation 
of the disorder. Twin studies in BD estimate a heritability of 
around 80%. Various GWAS have identified association of 
numerous single nucleotide polymorphisms (SNPs), which 
are single-base pair alterations in a DNA sequence, at a 

specific DNA position in the genome of an individual [8-
11]. However, even in large population studies, no consistent 
association of these variants with BD has been established 
[12-14]. 

Exploiting the catalytic advancements in the field of 
sequencing technologies, numerous studies have tried to 
elucidate the underlying molecular mechanisms of BD. 
However, much research is still required to document the 
main genetic and epigenetic contributors to BD. 

Several approaches are encountered in the study of Bipolar 
Disorder. Some scientists examine the disease as a 
homogenous research concept, seeking for trait markers and 
for the elucidation of the pathophysiology of BD. Other 
approaches include the division and the comparison of BD 1 
and BD 2 entities, while others focus on markers related to 
diverse emotional states of the disease (manic, mixed, 
depressive). Finally, there are research strategies focusing on 
the psychotic component of the disease through studies on 
BD and schizophrenic patients. These studies are usually 
performed on postmortem brain tissues, since the main 
pathophysiological site of psychiatric disorders is the brain. 
Other studies include cell models, such as pluripotent stem 
cells, immortalized peripheral leukocytes, peripheral blood 
leukocytes, induced neuronal cells and human skin fibroblast 
cells, considering that brain biopsies are not preferable in 
psychiatric research [15]. 

The paper aims to review the literature concerning the 
contribution of recent genetic, epigenetic and metagenomic 
studies. 

NEXT GENERATION SEQUENCING-GENETIC 
STUDIES 

NGS technologies are high throughput technologies that 
perform massively parallel sequencing of base pairs in RNA 
and DNA samples. NGS studies in BD include whole 
genome sequencing (WGS) or whole exome sequencing 
(WES) experiments. WGS examines 98% of the whole 
human genome, whereas WES covers 1-2% of the human 
genome, including 95% of genome regions that encode a 
protein. The research in this field includes large Amish 
bipolar pedigrees provided by the National Institute of 
Mental Health (NIMH) Human Genetics Initiative, case-
control as well as trio-based studies. Table 1 summarizes 
recent WES and WGS studies of BD [16]. 
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Table 1. Summary of WES and WGS findings in BD. 

Study Samples Source of the samples Main findings 

WES [14] 79 trios, 237 DNA samples Blood or saliva 71 de novo protein-altering mutations, 

calcium-related genes 

WES [22] 6 BD related cases in a four-

generation family 

Peripheral blood 

leukocytes 

Five candidate genes (GRID1, DYDC2, 

GHITM, CDHR1, MINPP1) 

WES [23] 9 affected individuals from four 

Caucasian families,6 unrelated 

individuals with BD 

Immortalized 

lymphoblastoid cell 

lines 

14 rare deleterious mutations were shared 

among the affected family members 

WES [24] 28 BD cases, 214 HCs from 

Faroe Islands 

Blood or saliva 17 variants after Single variant analysis, 

variants on NOS1 and NCL genes 

replicated in a British sample of 2025 

cases and 1358 HC 

WES [25] 186 BD cases and related 

individuals belonging in 40 

mulptiplex families, ~800 HC 

Βlood Rare deleterious variants segregated with 

the disease inside the families and enriched 

in genes related to GPCR family 

WES [26] 36 affected members with BD 

from 8 multiplex families 

Lymphoblastoid cell 

lines 

84 rare segregating damaging variants 

mapped to 82 genes also identified in 

autism and schizophrenia. Case-control 

validation 3541 BD cases and 4774 HC 

yielding 19 genes related to BD. 

WES [27] Multigenerational family units 

consisting of 3-7 affected 

individuals across 1-3 

generations, with 36 total 

individuals sampled per 

family/250 exomes in total 

Blood 12-13 rare variants segregated with the

affected status in each examined family,

after Sanger sequencing only one rare

variant was segregated within one family.

Most of prioritized rare variants 

demonstrated incomplete penetrance 

pattern of inheritance. 

WGS [29] 99 BD cases from cohorts with a 

positive family history of BD or 

bipolar spectrum disorder and 

an early age at onset 

Blood or saliva Association between BD and CACNA1C 

intron variant (rs79398153), ANK3 

missense mutation (rs139972937) 

WGS [30] 3 BD cases belonging in 

multiplex degree with 7 BD 

ancestors 

Blood 115 damaging rare variants, including a 

variant in exon 43 CANCA1D gene 

resulting to amino acid substitution in the 

three examined BD cases, CACNA1D 
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variant co-segregated in all 7 BD cases in 

the pedigree according to Sager 

sequencing 

WGS [7] 200 samples from 41 families Total blood or 

lymphoblastoid cell 

lines 

Stronger contribution of variants in non-

coding regions. Association of genes and 

pathways related to neuronal excitability. 

Targeted sequencing of 3,014 cases and 

1,717 HC confirmed rare variant 

associations in ANK3, CACNA1B, 

CACNA1C, CACNA1D, CACNG2, 

CAMK2A and NGF 

WGS [31] 50 samples, 23 BD cases, 18 

parent-child trios 

Blood Non-synonymous, likely deleterious rare 

variants in 1000 Genomes Project, present 

in 10-30% BD cases and their first-degree 

relatives in the studied pedigree 

Whole exome sequencing 

Only one trio-based (case-parent study design to detect 
underlying variants in complex disorders) exome sequencing 
study has been conducted so far, including 237 samples [14]. 
This study revealed 71 de novo mutations also described as 
genetic alterations occurring in a family member for the first 
time due to mutations either in germ cells of the parents or in 
fertilized eggs. Many of the identified variants were mapped 
on calcium related genes. Interestingly, de novo variants 
with protein-altering effects occurred more frequently in BD 
probands with early onset of the disease. The findings 
support a hypothesis suggesting a relation between the 
higher frequencies of de novo point mutations as the paternal 
age advances, with the increased risk for BD in the offspring 
with advancing paternal age [17-21]. 

Another recent study investigated susceptible variants 
related to BD, through WES in combination with linkage 
analysis of 6 cases that were relatives in a four-generation 
family. The study resulted to five candidate genes (GRID1, 
DYDC2, GHITM, CDHR1, MINPP1) possibly incriminated 
for the onset of BD in this family [22]. Rao et al. [23] 
examined if rare mutations (alternative forms of a gene with 
a frequency in the general population usually less than 1%) 
located in gene-coding regions identified from WES, on 
immortalized lymphoblastoid cell lines of patients affected 
by BD, are transmitted from generation to generation and are 
shared between affected family members. The study resulted 
to 14 rare, mutations shared among the affected members of 
the family, with increased susceptibility for diseases 
(deleterious variants). The mutations were not identified in 
5090 exomes of SZ patients, indicating that these mutations 
are specific for BD. In a study of Lescai et al. [24], exome 

sequencing of 28 patients affected with BD and 214 healthy 
controls (HC) from Faroe Islands was performed, followed 
by validation of the results on a sample of 2025 BD cases 
and 1358 HC from Britain. Sixteen mutated genes were 
found, among whichNOS1 and NCL were found to be 
replicated in the British sample [24]. In another study from 
Cruceanu et al. [25], exome sequencing, on blood from 186 
cases and around 800 HC belonging in 40 multiplex 
families, was performed. The study resulted in deleterious 
rare variants that were inherited with the disease inside the 
families and interestingly were enriched in genes related to 
G protein-coupled receptor (GPCR) family. The genes 
belonging to this family of receptors are included in main 
drug targets [25]. Goes et al. [26] performed WES in 36 
affected members with BD from 8 multiplex families, 
resulting to 84 rare deleterious variants. These variants were 
mapped to 82 genes that were identified in autism and SZ 
related studies, indicating an overlap of variants on risk 
genes for autism and SZ with rare, variants in BD families. 
A case-control validation followed on independent 3541 BD 
cases and 4774 HC yielding 19 genes related to BD [26]. A 
family-based exome sequencing approach was applied on 
blood of multigeneration families with members affected by 
BD. The study focused on BD cases with good response to 
lithium monotherapy, reducing in this way the phenotypic 
heterogeneity. The resulting rare variants shared among the 
affected members in each family, were on average twelve to 
thirteen. The study resulted to only one rare variant that was 
shared in BD patients of one affected family and was not 
present in the unaffected members. The findings of the study 
indicated a highly complex inheritance model of BD [27]. 
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Whole genome sequencing 

WGS of 99 subjects with BD resulted to a great number of 
variants, but the study focused on variants of genes ANK3 
and CACNA1C, since they are the best-replicated genes 
associated with BD according to GWAS [8,11,28]. The 
study finally identified an association between BD and the 
CACNA1C variant rs79398153 located in a non-coding 
region of the genome, as well as the ANK3 mutation 
(rs139972937) [29]. In a WGS study on three cases affected 
by BD, 115 damaging rare variants were identified, 
including a variant in exon 43 of the gene CANCA1D that 
resulted to amino acid substitution. The three cases belonged 
to a multiplex pedigree with 7 BD ancestors [30]. In a WGS 
study performed on 200 samples from 41 families with BD, 
mutations were identified in genes related to neuronal 
excitability such as γ-aminobutyric acid and calcium channel 
signaling were identified [7]. Georgi et al. [31] performed 
linkage analysis in an Amish pedigree with members 
affected by BD. WGS was performed in 50 members, 23 of 
which were BD patients. Among the identified variants 
present in BD cases, rs113270504 in the gene GPR124 was 
of special interest since it plays a central role in angiogenesis 
of the central nervous system and in the blood-brain barrier 
development [31]. 

RNA SEQUENCING 

Whole transcriptome studies complement our understanding 
regarding disease related mechanisms, through the 
measurement of mRNA expression levels of genes in 
various tissues. Over the last decade the costs of sequencing 
have dramatically dropped, transforming RNA Sequencing 
(RNA-Seq) to a commodity for dense, genetic research [32]. 
RNA-Seq allows the accurate quantification of gene 
expression levels and the analysis of the whole 
transcriptome for a deeper understanding of the genetic 
mechanisms of psychiatric disorders [33]. Transcriptomic 
sequencing studies act complementary to WGSand WES, 
deriving information about splicing events, or about the 
functional role of the mutated genes. However, there are 
factors that should be taken into consideration when 
examining RNA-seq studies, such as: experimental protocols 
performed on human brain tissues, RNA-Seq assays, and 
downstream bioinformatics analysis that present many 
differences in the various performed studies [33]. In this 
review an explicit account of RNA-Seq studies is aimed, 
since this approach has gained increasing popularity and has 
replaced microarrays, becoming the first option for high-
throughput quantification of the whole transcriptome that 
overcomes limitations of microarrays technology [34]. 

RNA-seq studies in various cell types 

A reported RNA-seq study on lymphoblastoid cell lines of 
BD, examined the gene expression variations that may be 
related to lithium response, seeking for biomarkers based on 
the treatment outcome. RNA-seq experiments were 

performed on twelve lithium responsive cases and twelve 
lithium non-responsive cases, followed by quantitative PCR 
validation on two external cohorts including 41 and 17 
patients. The study resulted to fifty-six genes that presented 
different expression in the two studied cases, among which 
HDGFRP3 and ID2 presented higher expression in lithium 
responsive cases. These two genes are related to 
neurogenesis and HDGFRP3 is considered a neurotropic 
factor, suggesting the two genes as potential blood 
biomarkers for lithium response [35]. 

RNA-seq was also performed on induced pluripotent stem 
cells of BD subjects, resulting to abnormalities and hyper-
excitability in young neurons of patients with BD. The 
observed hyper-excitability was reversed from lithium 
treatment in patients that responded positively in lithium 
treatment [36]. 

RNA-seq in postmortem brain 

The first RNA-seq study was performed by Kohen et al. [37] 
on dentate gyrus granule cells of patients suffering from 
neuropsychiatric disorders including BD, indicating aberrant 
miR-182 signaling in the hippocampus of the patients. 
microRNAs are small noncoding RNA molecules suggested 
as a target for therapeutic interventions, since they are 
involved in regulatory mechanisms of neuronal physiology. 
There is also evidence from clinically depressed patients and 
from animal models that the dysregulations of miRNA 
expression are involved in molecular signaling pathways 
related to depressed state. Interestingly, antidepressants and 
selective serotonin reuptake inhibitors have been shown to 
reverse the observed miRNA dysregulations, suggesting 
them as a possible target for antidepressant treatment [38]. A 
more recent study in the dorsolateral prefrontal cortex 
resulted to altered expression of genes involved in 
neuroplasticity (PROM1, ABCG2, FLI1) and in circadian 
rhythm (OSBPL3, GANAB, SRSF5, RFX4) [39]. Cruceanu 
et al. [40] found differential expression of three genes 
belonging to the GPCR family (RXFP1, SSTR2 and 
CHRM2) in a study performed on the anterior cingulate of 
BD patients when compared with HC. Pacifico and Davis 
[41] identified disrupted immune response and oxidative
phosphorylation after analysis of RNA-seq experiments in 
the dorsal striatum of BD patients. 

Based on the similar clinic symptoms and the accumulating 
evidence for common genetic liabilities between SZ and BD, 
Zhao et al. [42] performed RNA-sequencing experiment on 
postmortem cingulate cortex of 82 SZ, BD and HC cases. In 
SZ cases 105 differentially expressed genes in comparison to 
HCs were identified, whereas 153 differentially expressed 
genes were identified in BD cases. Many of the identified 
genes presented common expression patterns in the two 
patient classes. Pathway analysis followed, but only for the 
genes that were concordant in their expression level in the 
two diseases and were associated with GWAS data. The 
analysis indicated that a shared interconnected pathway 
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network of actin cytoskeleton and regulation of lysosomal 
function is implicated in the two neuropsychiatric diseases 
[42]. 

RNA-seq on medial frontal gyrus of postmortem brain of 
BD cases and HC examined the relative abundances of 
coding and non-coding RNAs. The study was the first to 
study circular RNAs and other long non-coding RNAs, due 
to their suggested involvement in brain development and 
neuronal integrity. Circular RNAs are long non-coding 
RNAs that participate in gene regulation by controlling the 
gene expression of microRNAs, and through their role as 
sequesters to RNA binding proteins. Twenty differentially 
expressed genes, ten long non-coding RNA transcripts and 
two circular transcripts (cNEBL and cEPHA3) were 
identified. The differentially expressed genes were validated 
through PCR and were enriched in biological processes 
involved in angiogenesis and vascular development. The 
study demonstrated that non-coding regions could have also 
a key role in the underlying RNA alterations in BD [43]. 
Kim et al. [44] analyzed RNA-seq data from the 
hippocampus of 15-well matched subjects of four categories: 
SZ, BD, major depression and HC. The results from the 
analysis of BD samples demonstrated abnormalities in 
synaptic proteins. Additionally, immune/inflammation co-
expression modules were also built for each disease. No 
overlap was observed in the genes comprising the co-
expression modules of the three studied diseases, indicating 
distinct immune-related abnormalities in each psychiatric 
disorder [44]. 

Transcriptional alterations were also observed in the post-
mortem anterior cingulated cortex of BD and SZ cases 
compared to HC after RNA-seq experiments on 24 patients 
from each category. A reduced expression was observed 
particularly in neurospecific genes [45]. Another RNA-seq 
study was performed on 82 postmortem samples from three 
brain regions (orbitofrontal cortex, anterior cingulated cortex 
and dorsolateral prefrontal cortex) of SZ and BD cases as 
well as of HC. This study also examined the transcriptome 
of long non-coding RNAs and identified twenty 
differentially expressed long non-coding RNAs in the 
orbitofrontal cortex of BD cases compared to HC. After the 
application of weighted gene co-expression network 
analysis, it was indicated that the differentially expressed 
long non-coding RNAs in collaboration with other genes 
may differentiate the functions in different brain regions. 
The study also found that DNA methylation is involved in 
the observed dysregulation of long non-coding RNAs and 
may enhance psychotic symptoms [46]. 

EPIGENETIC STUDIES 

The field of epigenetics concerns long-lasting alterations in 
gene expression through various regulatory mechanisms 
(e.g. DNA methylation, DNA hydroxymethylation, histone 
modifications), without involving DNA sequence changes. 
Epigenetic studies are complimentary to genetic analyses 

adding an extra layer in the etiology of psychiatric disorders. 
The normal function of epigenetic mechanisms, such as 
DNA methylation and histone modifications have a pivotal 
role in the normal function and development of the brain. 
Any dysregulations in these mechanisms could be proved 
harmful for the brain functionality or even causal for some 
diseases [47,48]. The epigenetic studies on BD that were 
performed the past few years, including DNA methylation, 
histone modifications and DNA hydroxymethylation are 
summarized in the following section. 

Methylation is the most widely studied epigenetic 
mechanism in BD and is correlated with gene inactivation. A 
study on monozygotic twins discordant for BD was 
performed for identification of representative methylation 
differences, revealing four genome regions with different 
methylation patterns. The performed bisulfite sequencing 
(high-throughput sequencing for the detection of the 
methylome) resulted to a reduced methylation of PPIEL 
gene in the affected twin, a gene which is related to 
dopamine neurotransmitter and neuroendocrine systems 
[49]. Another study including two monozygotic twins 
reported promoter hypermethylation of the gene SLC6A4 in 
BD cases, which is a serotonin transporter gene [50]. This 
study is in accordance with another case-control study on 
postmortem brain samples that also concluded to promoter 
hypermethylation of SLC6A4 and down regulation of the 
gene’s expression [50]. A recent study after comparing the 
methylation status of BD subjects and HC found 
hypomethylation of potassium voltage-gated channel gene 
KCNQ3, which is involved hyperexcitability of the neurons 
[51]. In another paper, the methylation status of 5-HT3AR 
(5-hydroxytryptamine 3A) was associated with mood 
episodes, suicide in children with childhood trauma that 
have developed BD [52]. 

The identification of peripheral biomarkers remains a big 
challenge in clinical psychiatry, leading to constant studies 
that try to relate findings from studies on the brains tissues to 
patterns of the gene expression in the blood [53]. Peripheral 
methylation for example is a suggested approach, since it is 
accessible for many times [54,55]. Brain-derived neurotropic 
factor (BDNF) has been the focus of multiple methylation 
studies due to its important role in synaptic plasticity and 
stress response. In a study of Dell’Osso et al. [56], BDNF 
methylation levels in peripheral blood mononuclear cells 
samples of patients with BD 2were found to be increased but 
not in BD 1 when compared with HC. The methylation 
levels of the exon I promoter of BDNF were also found to be 
higher in BD 2 patients of study from D’addario et al. [57]. 
Soeiro de Souza et al. [58] showed that the global 
methylation profile of BD patients was not differentiated 
from the methylation profile of HC. Promoter 
hypomethylation of BDNF exon 1 in BD cases compared to 
major depression cases was also resulted from a study of 
Carlberg et al. [59]. These studies provided molecular 
evidence that BDNF may be used as a peripheral biomarker 
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for different subtypes of BD, with possible pharmacological 
treatments through reverse of its implicated dysregulations. 

DNA hydroxymethylation, another epigenetic mechanism 
has also been studied lately, in relation to neuropsychiatric 
disorders [60-63]. Histone deacetylases inhibit gene 
transcription through chromatin interactions. Based on this 
mechanism histone deacetylase inhibitors are suggested as 
possible pharmacological targets in the cognitive and 
behavioral fields [64]. Among the eleven 
histonedeacetylases that cause chromatin modifications, the 
histone deacetylase 4 was found overexpressed in contrast to 
6 and 8 that were down regulated in the depressed state of 
BD cases, indicating complex expression patterns. Histone 
deacetylases were also found to increase the gene expression 
of cAMP response element binding protein, previously 
related to the pathophysiology of BD [63]. Sirtuin 1, 2 and 6, 
which are included in another family of deacetylases that 
interact with histones, presented alterations in the peripheral 
blood cells depending on the state of the patients suffering 
from BD and major depression [65]. 

In a postmortem brain study by Tang et al. [66] the levels of 
acetylated histone 3 in a pooled sample from BD and SZ 
cases were differentiated from that of HC. Another study on 
postmortem brains of BD subjects also showed elevated 
global histone H3 acetylation levels of the BD cases 
compared to HC of the same age [67]. H3K4 trimethylation 
has been found to be increased in postmortem brain of BD 
patients focusing on synapsin genes (SYN1, SYN2 and 
SYN3) and resulting in distinct synapsin profiles for BD and 
major depression cases [68]. 

The reported epigenetic modifications indicate possible 
implication of epigenetic mechanisms in the etiology of BD, 
but the exact involvement of these mechanisms in the 
pathophysiology of BD should be further dissected. It is 
interesting to examine how the independent epigenetic 
alterations could affect gene regulations that lead to BD 
development. Additionally, due to their reversibility, they 
have potential therapeutic applications. The study of 
epigenetic modifications may enable therapeutic 
interventions either through the identification of epigenetic 
mechanisms of mood stabilizers or through other substances 
that are developed and are tested in preclinical stage. For 
example, EpiEffectors are engineered molecules that target 
specific loci of the genome that cause chromatin alterations, 
and which have shown promising results in neuroscience 
[69]. 

GUT MICROBIOTA AND BD 

The collective term that describes the whole population of 
the microorganisms in the human body is known as the 
micro biota and their genome as the micro biome [70,71]. 
The composition of the micro biota is developed in early 
life, can me modified due to dietary and other environmental 
exposures, but it is also genetically determined. Recent 

studies have constantly shown association between gut 
micro biota impairments (or else dysbiosis) and various 
diseases, such as obesity and autoimmune disorders [72,73]. 

Numerous studies support increased activity of the immune 
system in BD and in other neuropsychiatric disorders. The 
reason for this activation though remains unknown. One 
possible source for this activation is the microorganisms on 
the gastrointestinal tract [74,75]. Pathological conditions in 
gastrointestinal systems have been constantly reported as 
comorbidities of SZ and BD. The immune system is 
considered a mediator between the gut and the brain various 
pathways, thus participating in brain diseases such as BD 
[76,77]. Since gut micro biota is considered the main 
regulator of the gut-brain communication, several studies 
have shown that the micro biota and its genome may have a 
key role in neuropsychiatric disorders [77,78]. A new term 
has emerged the last years namely: “gut-brain axis”, 
indicating the bidirectional signaling between them [79,80]. 
All progress about gut-brain interactions has been intensified 
through the maturation of sequencing technologies in the last 
years. Metagenomic technologies have enabled the study of 
the whole genome of microorganisms in gut flora. 
Metatranscriptomics on the other hand have provided the 
capacity for the dynamic monitoring of their functions and 
viability [78]. In the following section the evidence for 
involvement of the gut micro biota in neuropsychiatric 
disorders and more specifically in BD are reported. 

The gastrointestinal inflammation can be measured through 
biomarkers related to the microbial translocation. For 
example, for the diagnosis of Crohn’s disease, the blood is 
examined for presence of antibodies to the yeast 
Saccharomyces cerevisae, which is normally included in the 
human gut micro biome. The presence of these antibodies 
probably results from compromised gut mucosa-blood 
vasculature interface [81]. Following a similar approach, 
increased antibodies to the same yeast were identified in 
patients affected by BD and more specifically in patients 
with a recent onset [82]. Immune activation triggered from 
bacterial infections has been also identified in a study 
performed by Kohler et al. [83]. The prescription of 
antibiotic agents was used a measure of bacterial infection in 
234 subjects hospitalized with acute mania, also suffering 
from BD as well as subjects hospitalized for schizophrenia, 
bipolar depression and major depression. The patients in 
mania group presented elevated antibiotic prescriptions 
compared to the other groups [84]. Two other studies have 
also reported relation between antibiotic exposure and mood 
disorders [85,86]. 

To elucidate the role of the micro biome in SZ and BD, 
clinical trials have been also performed to test the effects of 
compounds influencing the gut micro biome and the immune 
response on psychiatric symptoms. A trial of 6 month 
probiotic administration on individuals with acute mania 
resulted to similar inflammation scores with HC [87]. 
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The study by Flowers et al compared the micro biota of 
individuals with BD that have either received or have not 
received atypical antipsychotics. The species diversity and 
more specifically Lachnospiraceae, Akkermansia and 
Sutterella were found to be reduced in females that received 
atypical antipsychotics compared to the females that were 
not treated with the respective medication [88]. 

In another recent study, the gut micro biota was associated 
with clinical parameters in a well-characterized cohort of 
subjects affected by BD. Additionally; the study examined 
the presence of differential abundancy in bacterial taxa 
between the affected cases and the HC. BD disease-related 
parameters of inflammation, immune response and 
metabolism were examined in relation to gut micro biota. 
The study identified associations between specific bacterial 
taxa and the studied BD parameters. The abundance of the 
bacterial taxa can be described by the Alpha-diversity. 
Variations in Alpha-diversity have been related to 
inflammatory bowel disease, anorexia nervosa and major 
depression. The study also concluded to a negative 
correlation of alpha diversity with BD illness duration, 
probably caused by inflammation processes [89]. 

A more recent study by Evans et al compared the micro 
biome of BD and HC samples obtained from stool samples 
to relate the micro biome to the disease burden. Differences 
were identified in the microbial communities and more 
specifically in the Gram-positive bacteria Faecalibacterium, 
suggesting therapeutic intervention through the increase of 
the specific bacterium in BD patients [90]. 

Despite the recent studies, it remains unclear whether the gut 
dysbiosis is causing the BD or vice versa. New preventive 
and treatment methods in psychiatric disorders may be 
discovered through the elucidation of these micro biome-
related molecular mechanisms. Therapeutic applications 
based on modulators of gut micro biota are in experimental 
stage with few but promising results [79]. The micro biota 
has the advantage of being more “medically” accessible and 
can be easier modified compared to the human genome. 
Interestingly it is speculated that micro biota modifications 
can also affect the epigenome [91]. Studies for the 
development of modulators of the micro biome that could be 
served as treatment for psychiatric disorders are considered 
very promising, but several issues should be also considered, 
such as the way that the micro biome is affected by 
psychiatric medication [92]. 

CONCLUSION AND PERSPECTIVES 

BD is considered a multiple-factor disease, triggered by 
environmental factors in individuals with a genetic 
susceptibility. Despite this established model for BD, the 
exact mechanisms for the causal interactions of genes and 
environment that lead to the onset of BD have not been 
identified. The great advances in the field of genetics have 
led to an exhaustive gene harvest, but many steps should be 

made to reveal the real effect of the genes and their interplay 
with the environment. Beyond the classical genetics, the 
recently emerged fields of epigenetics and metagenomics 
may be proved very helpful for unveiling the 
pathophysiological architecture of complex diseases such as 
BD and for moving forward to better understand and 
complement the scientific knowledge that has been gained 
from the genetic discipline. Many limitations in various 
methodological issues concerning the integration of the new 
knowledge gained from the distinct sources should be 
overcome to come to a point that all this knowledge will be 
translated to clinical applications for a better diagnosis and a 
permanent treatment of BD. 
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