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Highlights 

•5 miRNAs are specifically altered in the blood of MD patients. 

•5 miRNAs are specifically altered in the blood of BD patients in a depressive phase. 

•2 miRNAs are commonly altered in both the mood disorders. 

•The dysregulated miRNAs potentially affect the expression of brain-relevant genes. 

Abstract 

Major depression (MD) and bipolar disorder (BD) are severe and potentially life-threating mood disorders 
whose etiology is to date not completely understood. MicroRNAs (miRNAs) are small non-coding RNAs that 
regulate protein synthesis post-transcriptionally by base-pairing to target gene mRNAs. Growing evidence 
indicated that miRNAs might play a key role in the pathogenesis of neuropsychiatric disorders and in the 
action of psychotropic drugs. On these bases, in this study we evaluated the expression levels of 1733 
mature miRNAs annotated in miRBase v.17, through a microarray technique, in the blood of 20 MD and 20 
BD patients and 20 healthy controls, in order to identify putative miRNA signatures associated with mood 
disorders. We found that 5 miRNAs (hsa-let-7a-5p, hsa-let-7d-5p, hsa-let-7f-5p, hsa-miR-24-3p and hsa-
miR-425-3p) were specifically altered in MD patients and 5 (hsa-miR-140-3p, hsa-miR-30d-5p, hsa-miR-330-
5p, hsa-miR-378a-5p and hsa-miR-21-3p) in BD patients, whereas 2 miRNAs (hsa-miR-330-3p and hsa-miR-
345-5p) were dysregulated in both the diseases. The bioinformatic prediction of the genes targeted by the 
altered miRNAs revealed the possible involvement of neural pathways relevant for psychiatric disorders. In 
conclusion, the observed results indicate a dysregulation of miRNA blood expression in mood disorders and 
could indicate new avenues for a better understanding of their pathogenetic mechanisms. The identified 
alterations may represent potential peripheral biomarkers to be complemented with other clinical and 
biological features for the improvement of diagnostic accuracy. 
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1. Introduction 

Major Depression (MD) and Bipolar Disorder (BD) are mood disorders recognized by the World Health 
Organization as major causes of disability worldwide, as they frequently prevent affected individuals from 
leading independent lives and hold features of chronicity and potential life threat. 
Several hypotheses, focused on alterations in monoamine neurotransmitters and their related signaling or, 
more recently, on the involvement of other biological pathways, particularly those regulating neurogenesis 
and neuroplasticity mechanisms (Pittenger and Duman, 2008), neuroimmune function (Müller and Schwarz, 
2007) and glutamatergic neurotransmission (Popoli et al., 2011) have been proposed to explain the 



pathogenesis of these disorders. However, the etiology and pathophysiology of MD and BD are still not 
completely understood, thus limiting the hypothesis-driven discovery of novel therapeutic targets. 
One of the major issues that still need to be addressed in mood disorders concerns the possibility to dissect 
MD from BD, since these pathologies show overlapping symptoms and can be misdiagnosed (Hirschfeld, 
2013). Moreover, a correct differential diagnosis of MD or BD is crucial for an appropriate treatment from 
the onset and, in turn, for successful treatment outcomes. As a consequence, the identification of 
biomarkers, that can reflect MD- and BD-specific pathophysiologic processes, may be helpful and also 
provide novel biological targets for the development of personalized treatments (Culpepper, 2014). 
MicroRNAs (miRNAs) are evolutionary conserved, small non-coding RNAs (20–22 nucleotides in length) that 
play an important role in the post-transcriptional regulation of gene expression. MiRNAs may act by 
inducing target gene mRNA deadenylation and degradation or by repressing translation, thus inhibiting 
protein synthesis. Each single miRNA can target hundreds of different mRNAs, and a single mRNA can be 
targeted by several miRNAs, allowing a coordinate and fine-tuned regulation of protein expression 
(O’Carroll and Schaefer, 2013). This also explains why changes in miRNAs are associated with several 
human pathologies (Pasquinelli, 2012), including complex disorders as cancer (Farazi et al., 2013) and 
cardiovascular diseases (Papoutsidakis et al., 2013). 
Recent and growing evidence indicated miRNAs as key players in different processes occurring in the 
central nervous system (CNS). Almost 50% of all the miRNAs so far identified are expressed in the human 
brain, and their putative target genes are involved in the regulation of basic neural processes, such as 
neurogenesis and neuroplasticity (Olde Loohuis et al., 2012). These findings led to the investigation of the 
potential involvement of miRNAs both in the pathogenesis and in the pharmacotherapy of mental disorders 
(Maffioletti et al., 2014 and Tardito et al., 2013); Considerable evidence showed alterations in miRNAs 
expression in post-mortem brains of patients suffering from schizophrenia and BD, as well as in depressed 
suicide committers (Beveridge et al., 2010, Kim et al., 2010, Moreau et al., 2011, Miller et al., 2012, 
Smalheiser et al., 2012 and Smalheiser et al., 2014). Concerning the effects of psychotropic drugs on miRNA 
expression, mood stabilizers were described to alter miRNAs levels in the rat hippocampus (Zhou et al., 
2009) and in lymphoblastoid cell lines from BD patients (Chen et al., 2009). A role for miR-16 was suggested 
in the mechanism of action of the antidepressant fluoxetine (Baudry et al., 2010) and this drug, together 
with desipramine, was also reported to induce miRNAs modulation in rat hippocampus (Tardito et al., 
2015). Finally, ketamine (an NMDA receptor antagonist with antidepressant effect) and electroconvulsive 
shock therapy were described to reverse changes in miRNAs expression induced by early life stress in rat 
hippocampus (O’Connor et al., 2013). 
Besides their presence in cells, miRNAs were also observed in a highly stable cell-free form in body fluids 
(Cortez et al., 2011) and were detected in several peripheral biological matrices, including whole blood, 
plasma, serum, cerebrospinal fluid (CSF) and saliva, among the others (Cogswell et al., 2008, Mitchell et al., 
2008 and Park et al., 2009). The correlation observed between miRNAs expression levels in periphery and 
some pathological tissues suggests that the evaluation of their concentrations could provide useful 
biomarkers for several diseases (Laterza et al., 2009 and Skog et al., 2008). A handful of studies has shown 
miRNA level modifications in peripheral tissues (in particular, blood and its derivatives) from MD patients, 
both compared to healthy controls and following pharmacotherapy, whereas only one study is available for 
BD. These findings are summarized in Table 1. 
 

Table 1. 
Studies which have shown miRNA level modifications in peripheral tissues from MD and BD 
patients, both compared to healthy controls or after pharmacological treatment. PBMCs, peripheral 
blood mononuclear cells. 
Experimental setting Main finding Reference 



Experimental setting Main finding Reference 

MD patients vs. healthy 
controls (PBMCs) 

Alteration of 14 miRNAs Belzeaux et al., 
2012  

MD patients before/after AD 
treatment 

Modulation of 8 miRNAs 

MD patients before/after AD 
treatment (blood) 

Modulation of 30 miRNAs potentially 
implicated in biological pathways associated 
with brain functions 

Bocchio-
Chiavetto et al., 
2013  

MD patients vs. healthy 
controls (serum) 

Higher levels of 2 miRNAs targeting the brain-
derived neurotrophic factor (BDNF) 

Li et al., 2013  

MD patients vs. healthy 
controls (PBMCs) 

Alteration of 5 miRNAs potentially implicated 
in biological pathways associated with brain 
functions 

Fan et al., 2014  

MD patients vs. healthy 
controls (blood) 

Lower levels of miR-135, which regulates the 
activity of serotonergic neurons 

Issler et al., 2014  

MD patients before/after AD 
treatment (plasma) 

Increase in the levels of miR-1202, which 
targets the metabotropic glutamate receptor-4 
(GRM4) 

Lopez et al., 2014  

MD patients vs. healthy 
controls (blood) 

Lower levels of miR-320a and higher levels of 
miR-451, miR-17-5p and miR-223-3p 

Camkurt et al., 
2015  

BD patients (in manic phase) 
vs. healthy controls (plasma) 

Lower levels of miR-134 Rong et al., 2011  

BD patients before/after 
treatment with mood 
stabilizers 

Increase in the levels of miR-134 

 
However, no studies have been conducted to date comparing miRNA peripheral levels in MD and BD 
patients in order to identify potential markers useful for the differential diagnosis. 
Based on these lines of evidence, the aim of the present study was to investigate, by using a hypothesis-
free approach, putative alterations in blood miRNA profiles related to the pathogenesis of MD and BD, in 
order to identify possible shared or specific signatures associated with these mood disorders. 
 
2. Materials and methods 
 
2.1. Study participants 
Twenty patients with MD and 20 with BD (10 type I and 10 type II) were recruited. They had to fulfill the 
following inclusion criteria: (a) principal diagnosis of MD or BD type I or II, according to the DSM-IV-TR 
criteria; (b) current major depressive episode; (c) a minimum total score of 14 on the 17-item Hamilton 
Rating Scale for Depression (HAM-D17) to select patients with at least moderate depression, according to 
the American Psychiatric Association Task Force for the Handbook of Psychiatric Measures (2000); (d) at 
least 18 years of age. The following exclusion criteria were considered: (a) current or previous diagnosis of 
organic mental disorder, schizophrenia or other psychotic disorder; (b) current alcohol and/or substance-
related disorders; (c) current eating disorders; (d) uncontrolled or serious medical condition; (e) pregnancy 
or post-partum period (f) body mass index (BMI)≥30; (g) current treatment with antidepressant or mood 
stabilizer drugs. All the diagnoses were confirmed by means of the Structured Clinical Interview for DSM 
Axis I Disorders (SCID-I). Socio-demographic and clinical characteristics of the recruited patients were 
obtained through the administration of a semistructured interview: age at onset, duration of illness, 
psychiatric comorbidity and family history of psychiatric disorders were ascertained either from clinical 
charts and by direct questioning the study participants. In addition, the following clinical rating scales were 
administrated: the Hamilton Rating Scale for Anxiety (HAM-A) and the Clinical Global Impression (CGI). 



 
A control group of 20 unrelated volunteers (15 females, 5 males, age 45.05±10.79) was also enrolled. None 
of these subjects presented a positive personal and familial anamnesis for psychiatric DSM-IV-TR disorders, 
according to the clinical interview and confirmed by the Mini-International Neuropsychiatric Interview 
(MINI), was affected by any medical diseases or was in pharmacological treatment (including oral 
contraceptives) or has a BMI≥30. 
The study was performed in accordance with the ethical standards laid down in the Declaration of Helsinki. 
Written informed consent was obtained from each subject after a complete description of the study, which 
was approved by the local ethics committees. 
 
2.2. Blood collection and storage 
Peripheral venous blood samples were collected from all the patients and controls in PAXGene tubes in the 
morning, after an overnight fast. The tubes were kept at room temperature for 2 h, then frozen at −20 °C 
for 24 h and finally moved to a −80 °C freezer, according to the manufacturer's instrucƟons. The tubes were 
finally sent for analysis in dry ice. 
 
2.3. MicroRNA isolation and expression analysis by microarray 
Total RNA was extracted from 2.5 mL of blood with the PAXGene Blood miRNA Kit (Qiagen, CA, USA), 
designed for the simultaneous isolation of small and large RNAs; RNA concentration and quality were 
assessed through a NanoDrop spectrophotometer (Thermo Scientific, MA, USA). 
A volume corresponding to 500 ng of total RNA from each blood sample was processed with the FlashTag 
Biotin HSR RNA Labeling kit (Affymetrix, Santa Clara, CA, USA) and subsequently hybridized onto the 
GeneChip miRNA 3.0 Arrays (Affymetrix, Santa Clara, CA, USA), which cover all the 1733 mature miRNAs 
annotated in miRBase (online miRNA database, http://www.mirbase.org) version 17 (April 2011). 
Washing/staining and scanning procedures were respectively conducted on the Fluidics station 450 and the 
GeneChip Scanner 3000 7G (Affymetrix, Santa Clara, CA, USA) following the manufacturer's instructions. 
 
2.4. Real-time PCR validation 
Among the miRNAs found as significantly modulated from the microarrays data, we selected for validation 
in Real Time PCR (RT-PCR) those that were in common between MD and BD patients and those that had 
already been implicated in psychiatric disorders or in antidepressant treatment by other studies or had 
been involved in brain functions relevant for mood disorders. In this selection we did not consider the more 
recently annotated miRNAs, as still scarcely studied. 
For the selected miRNAs, RT-PCR was conducted using the TaqMan MicroRNA Assays (Applied Biosystems, 
CA, USA), following the manufacturer’s instructions; the reactions were run on the StepOnePlus instrument 
(Applied Biosystems). 
 
2.5. Statistical analysis 
 
Data were expressed as mean±standard deviation. Possible differences in socio-demographic and clinical 
variables between the groups were evaluated by chi-square test for categorical variables and by t-test for 
quantitative ones. 
Raw microarray data were imported and analyzed with the software Partek Genomic Suite 6.6 (Partek, St. 
Louis, MO, USA). Principal-component analysis (PCA) was carried out to identify outliers and the statistical 
analysis for the evaluation of differences in miRNA levels was performed by Analysis of variance (ANOVA) 
test, with 3 comparisons: BD patients vs controls, MD patients vs controls and BD patients vs MD patients. 



As cut-offs for the identification of the differentially expressed miRNAs, fold changes (FCs) <−1.2 or >1.2 
and FDR (False Discovery Rate) corrected-p values<0.05 were considered. 
Concerning Real-time PCR validation, the Ct values were normalized according to the deltaCt (dCt) method 
on the endogenous controls RNU44 and RNU48. The normalization stability score of these small nucleolar 
RNAs was confirmed by the analysis with the geNorm software. Normal distribution of the data was 
evaluated through the Shapiro-Wilk test and the differential expression analysis was performed according 
to the deltadelta (ddCt) method by applying a t-test, whereas putative correlations of miRNA expression 
levels with subject’s gender and age were assessed with the Pearson's test. 
 
2.6. Target gene prediction and pathway analysis 
A gene set enrichment analysis was conducted on the putatively regulated target genes of the differentially 
expressed miRNAs. The goal was to identify the biological processes that might be affected by the miRNAs 
differentially expressed in MD and BD patients as compared to controls. To this purpose, the first step was 
the identification of the miRNA targets. Since the experimentally validated miRNAs-mRNAs interactions 
represent a relatively small subset with respect to potential interactions, a number of computational 
prediction tools have been developed to generate sets of candidate target genes for a given miRNA. 
However, the different tools often lead to a significant variability in target genes lists due to the differences 
in the used prediction algorithms. This is mainly because the different tools are based on the evaluation of 
distinct properties (e.g., thermodynamics and evolutionary conservations) and thus they provide 
complementary information. In order to have a more reliable prediction, we exploited ComiR, a 
combinatorial miRNA target prediction tool integrating the information retrieved from some of the most 
well-known target prediction algorithms, including Miranda, PITA, TargetScan and mirSVR. Specifically, this 
prediction tool computes each algorithmic score and generates as output the combined probability of a 
gene to be regulated by an individual miRNA or sets of miRNAs using a support vector machine method 
(Coronnello and Benos, 2013). Using ComiR, we computed the probabilities of interaction between the 
miRNAs differently regulated and all the annotated 3′UTR sequences retrieved from ENSEMBL database. 
We performed the analysis considering the different sets of differentially expressed miRNAs, namely: 
miRNAs associated with MD, miRNAs associated with BD and miRNAs commonly regulated between MD 
and BD. In order to classify whether or not a given gene had to be considered as a “good” miRNA target, we 
arbitrarily chose a medium-stringent threshold in the interaction probability computed by ComiR (i.e., 0.9), 
to include in the analysis only interactions that are more likely to occur. We performed the enrichment 
analysis using the tool David (Huang et al., 2009), with respect to the KEGG pathways potentially affected 
by miRNA expression variations. 
 
3. Results 
3.1. Socio-demographic and clinical characteristics of study participants 
There was a prevalence of female gender in the MD subgroup (17/20, 85%) compared to the BD subgroup 
(12/20, 60.0%), although without a significant difference (p>0.05). BD patients showed an earlier age at 
onset of the disorder than MD patients (24 vs 40.7 years; p<0.001) and a longer duration of illness (19.55 vs 
8.70; p<0.01). The severity of the depressive symptomatology at the study inclusion was similar in the two 
subgroups, as revealed by the scores of the assessment scales, and no other significant difference in 
demographic and clinical variables between MD and BD subgroups was present (Table 2). All the patients 
were drug-naïve or drug-free from antidepressant and mood stabilizer drugs. 
 

Table 2. 
Demographic and clinical characteristics of Major Depression (MD) patients, Bipolar Disorder (BD) 
patients and healthy controls (CTRL). 



 MD (n=20) BD (n=20) 
CTRL 
(n=20) 

Statistical 
analysis 

 
pa pb 

Age (years, mean±S.D.) 47.70±11.91 43.55±15.25 45.05±10.79 NS NS 

Sex 
     

(n (%)) 
     

- Females 17 (85%) 12 (60%) 15 (75%) NS NS 

- Males 3 (15%) 8 (40%) 5 (25%) 
  

Age at disorder onset 
     

(years, mean±S.D.) 40.70±13.52 24.00±9.78 
 

<0.001 
 

Length of illness 
     

(years, mean±S.D.) 8.70±14.91 19.55±13.34 
 

<0.01 
 

Lifetime psychiatric 
comorbidity 

     

(n (%)) 
     

- Anxiety disorders 1 (5%) 1 (5%) 
 

NS 
 

- Eating Disorders (past) 0 (0%) 1 (5%) 
   

- Personality disorders 4 (20%) 3 (15%) 
   

Assessment scales 
scores (mean±S.D.) 

     

- HAM-D17 23.60±3.74 22.45±5.26 
 

NS 
 

- HAM-A 14.40±4.05 12.55±4.48 
   

- CGI-s 4.05±0.60 4.15±0.36 
   

NS=not significant difference. 
a 
Comparison between MD and BD patients. 
b 
comparison between patients and CTRL. 

 
3.2. MicroRNA expression analysis 
The miRNome analysis identified sets of miRNAs altered in MD and BD patients as compared to controls 
and a subset of miRNAs up-regulated in both patient groups. In particular, as shown in the Venn Diagram 
(Fig. 1), 7 miRNAs were differentially expressed in MD patients with respect to controls: hsa-let-7a-5p, hsa-
let-7d-5p, has-let-7f-5p, hsa-miR-1915-3p (down-regulated) and hsa-miR-199a-5p, hsa-miR-24-3p, hsa-miR-
425-3p (up-regulated). Thirteen miRNAs were altered in BD patients as compared to controls: hsa-miR-720, 
hsa-miR-140-3p, hsa-miR-1973, hsa-miR-30d-5p, hsa-miR-3158-3p, hsa-miR-330-5p, hsa-miR-378a-5p, hsa-
miR-4521, hsa-miR-21-3p (up-regulated) and hsa-miR-1915-5p, hsa-miR-1972, hsa-miR-4793-3p, hsa-miR-
4440 (down-regulated). Finally, 3 miRNAs were similarly up-regulated in MD and BD patients (hsa-miR-29c-
5p, hsa-miR-330-3p, hsa-miR-345-5p). 
 
 
Fig. 1.  
Venn diagram showing the miRNAs specifically modulated in MD and BD patients compared to healthy 
controls, and those commonly altered in both the diseases. 
 



 
 
 
 
 
No significant difference was observed comparing miRNA blood levels in MD vs BD patients. Significant data 
are reported in Table 3, whereas the results about all the 1733 mature miRNAs analyzed are shown in 
Supplementary Table 1. 
 

Table 3. 
A, significant microarray results comparing miRNA blood levels in MD patients vs controls (CTRL); 
B, significant microarray results comparing miRNA blood levels in BD patients vs controls. 
A 

 
Transcript ID FDR corrected p-value FC MD vs CTRL 

hsa-let-7d-5p 0.037 −1.43 

hsa-miR-1915-3p 0.039 −1.65 

hsa-miR-29c-5p 0.040 1.68 

hsa-let-7f-5p 0.040 −1.61 

hsa-miR-330-3p 0.041 1.48 

hsa-miR-425-3p 0.042 1.34 

hsa-miR-24-3p 0.043 1.27 

hsa-let-7a-5p 0.044 −1.31 

hsa-miR-199a-5p 0.045 2.16 

hsa-miR-345-5p 0.045 1.48 

B 

Transcript ID FDR corrected p-value FC BD vs CTRL 

hsa-miR-720-5p 0.007 1.88 

hsa-miR-3158-3p 0.007 1.63 

hsa-miR-4521-5p 0.007 1.69 

hsa-miR-345-5p 0.010 1.49 

hsa-miR-1972-5p 0.011 −3.05 

hsa-miR-4440-5p 0.018 −2.21 

hsa-miR-1973-5p 0.018 1.29 

hsa-miR-4793-3p 0.027 −2.74 

hsa-miR-140-3p 0.027 1.33 

hsa-miR-30d-5p 0.028 1.34 

hsa-miR-330-3p 0.030 1.53 

hsa-miR-330–5p 0.030 1.45 



A 

 
Transcript ID FDR corrected p-value FC MD vs CTRL 

hsa-miR-1915-5p 0.039 −1.59 

hsa-miR-378a-5p 0.042 1.54 

hsa-miR-21-3p 0.043 1.38 

hsa-miR-29c-5p 0.045 1.79 

 
Considering microarray expression analysis and literature information (see Section 2), we selected for RT-
PCR validation a total number of 13 miRNAs: 5 from the comparison between MD patients and controls 
(hsa-let-7a-5p, hsa-let-7d-5p, hsa-let-7f-5p, hsa-miR-24-3p, hsa-miR-425-3p), 5 from the comparison 
between BD patients and controls (hsa-miR-140-3p, hsa-miR-30d-5p, hsa-miR-330-5p, hsa-miR-378a-5p; 
hsa-miR-21-3p), and the 3 commonly up-regulated in MD and BD patients vs controls (hsa-miR-29c-5p, hsa-
miR-330-3p, hsa-miR-345-5p). RT-PCR results confirmed all the significant differences (Table 4 and Fig. 2) 
except for hsa-miR-29c-5p, which did not reach the statistical significance although the FC was in the same 
direction of the microarray analysis. Moreover, significant differences were also observed between MD and 
BD patients for all the analyzed miRNAs. Overall, a highly significant correlation (r=0.93, p<0.001) between 
the miRNA FCs obtained from microarray and RT-PCR analysis was found Table 5. 
 
Fig. 2.  
Expression levels of the miRNAs specifically modulated in MD patients compared to healthy controls (A), in 
BD patients compared to healthy controls (B) and commonly altered in both the diseases (C). The results of 
the following comparisons are shown: patients (MD or BD) vs. healthy controls and MD vs. BD patients, 
with *=p-value<0.05. CTRL=healthy controls. 

 



Table 5. 
KEGG pathways significantly enriched in the miRNA target gene lists respectively associated with 
miRNAs differentially expressed in MD and BD. Only pathways with p-value<0.05 in at least one set 
are shown. NS=not significant p-value. 
KEGG pathway p-value MD p-value BD 

Wnt signaling pathway 0.007 0.032 

mTOR signaling pathway 0.020 0.004 

Colorectal cancer 0.020 0.011 

Endocytosis 0.021 0.018 

ErbB signaling pathway 0.023 0.004 

Insulin signaling pathway 0.040 0.006 

Pathways in cancer 0.040 0.030 

Jak-STAT signaling pathway 0.025 NS 

Ubiquitin mediated proteolysis 0.042 NS 

Long-term potentiation NS 7.50E-04 

Non-small cell lung cancer NS 8.99E-04 

Phosphatidylinositol signaling system NS 0.006 

Glioma NS 0.010 

Neurotrophin signaling pathway NS 0.010 

Melanogenesis NS 0.025 

Aldosterone-regulated sodium reabsorption NS 0.031 

Oocyte meiosis NS 0.042 

Vascular smooth muscle contraction NS 0.045 

Gap junction NS 0.045 

 
 
3.3. Target gene prediction and pathway analysis 
With the aim to identify biological processes affected by the differentially expressed miRNAs, we first 
predicted the potentially regulated mRNAs and then we performed an enrichment analysis to infer putative 
biological pathways involved in miRNA regulation. The target gene prediction analysis was carried out 
considering the interaction score between 21,684 ENSG gene IDs and all the miRNAs confirmed by RT-PCR 
as differentially expressed in MD and BD patients. We detected 229 mRNAs regulated by MD-specific 
miRNAs, 486 mRNAs regulated by BD-specific miRNAs, and 227 mRNAs which represent targets of the 
miRNAs commonly regulated in MD and BD (Supplementary Table 2). Notably, some sets of miRNAs, and in 
particular the 3 belonging to the let-7 family, acted mostly on the same gene targets. Indeed, the 
hierarchical cluster analysis clearly identified a coordinated regulated action exerted by hsa-let-7a-5p, hsa-
let-7d-5p and hsa-let-7f-5p. The resulted dendrogram obtained using Ward's clustering method in R 
environment is reported in Fig. 3. 
 
Fig. 3.  
Dendrogram showing the hierarchical cluster analysis results of miRNA-target genes interaction. 



 
 
The subsequent enrichment analysis of the identified target genes with respect to the KEGG pathway 
database showed a significant over-representation of several pathways putatively altered in MD and BD 
disorders (Table 3). In particular we found that, although some miRNAs were specifically modulated in MD 
or BD as compared to controls, some of their target genes belong to pathways that are significantly 
modulated in both the diseases, including Wnt signaling pathway, mTOR signaling pathway, ErbB signaling 
pathway and Insulin signaling pathway. Conversely, other pathways seemed to be more disease-specific, as 
significant only in MD, like Jak-STAT signaling pathway and Ubiquitin mediated proteolysis, or only in BD 
patients, like Long-term potentiation, Phosphatidylinositol signaling system, Neurotrophin signaling 
pathway and Gap junction. 
 
4. Discussion 
In this study, by assessing the whole miRNome expression in the blood of MD and BD patients (all drug-
naïve or drug-free from antidepressants and mood stabilizers), we observed a dysregulation in a number of 
miRNA transcripts, some specific for MD or BD, whereas others common to both the diseases. Moreover, 
the RT-PCR results also evidenced significant differences, in terms of miRNA levels, between MD and BD 
patients. 
Regarding MD, RT-PCR validation assays confirmed a significant increase of miR-24-3p and miR-425-3p 
levels and a decrease for let-7a-5p, let-7d-5p and let-7f-5p expression. These miRNAs were previously 
implicated in psychiatric diseases, as well as in neuronal molecular mechanisms and behavioural functions. 
In particular, miR-24-3p was suggested to be a main hypothalamic regulator of oxytocin (Choi et al., 2013), 
the neuropeptide that regulates several social behaviours such as stress modulation, aggressive behaviour 
and social recognition (Chini et al., 2014). Interestingly, miR-24-3p was found to be down-regulated in rat 
hippocampus following chronic treatment with two mood stabilizers, lithium and valproate (Zhou et al., 
2009). Moreover, miR-425-3p, here up-regulated in MD patients, was found increased also in a similar 
study conducted in the peripheral blood of MD patients (Belzeaux et al., 2012). Particularly noteworthy are 
the data on let-7 family miRNAs. Indeed, in this study we showed a down-regulation of let-7d-5p and let-7f-



5p in MD patients and interestingly, in our previous work (Bocchio-Chiavetto et al., 2013), we found them 
increased in the peripheral blood of MD patients after a 12-weeks treatment with escitalopram, suggesting 
that these miRNAs may be involved in both the pathogenesis of MD and in the effects of antidepressant 
drugs. On the other hand, other components of the let-7 family (namely, let-7b and let-7c) were found to 
be common targets of mood stabilizers in rat hippocampus (Zhou et al., 2009). Let-7 miRNAs belong to the 
most highly expressed miRNAs in the human brain (Anacker and Beery, 2013) and are supposed to exert a 
powerful influence on gene expression in the CNS. In particular, let-7 miRNAs exert a pivotal action on 
neuronal differentiation and maturation during neurodevelopment (Shao et al., 2010) and also on 
neurogenesis and neuronal plasticity functions in the adult brain. 
Our data are consistent, since they showed a down-regulation in MD patients of 3 miRNAs belonging to the 
let-7 family that are able to regulate almost the same target genes (Fig. 3). Moreover, these 3 miRNAs are 
coded in the same genetic cluster on chromosome 9 (hsa-let-7a-5p, chr9 94175957-94176036; hsa-let-7d-
5p, chr9 94176347-94176433; hsa-let-7f-5p, chr9 94178834-94178920), suggesting a possible impaired 
transcriptional co-regulation. 
Concerning the BD-specific miRNAs, we found an increased blood content of miR-30d-5p, miR-140-3p, miR-
330-5p, miR-21-3p and miR-378a-5p. The blood expression of miR-30d-5p and miR-140-3p was increased 
also in MD patients after AD treatment in our previous study (Bocchio-Chiavetto et al., 2013). With regard 
to miR-330–5p, it was predicted to regulate many genes involved in neuronal plasticity and 
neurodevelopment (Cohen et al., 2014). However, in contrast with our data, a decrease of miR-330-5p 
miRNA was observed in post-mortem brains of BD patients (Moreau et al., 2011) and miR-21-3p levels were 
found reduced in MD fibroblast cultures (Garbett et al., 2014). Concerning this discrepancy, a tissue-specific 
miRNA regulation may likely occur, also considering a possible inverse relationship between intracellular 
and extracellular miRNA content. Moreover, the pharmacological long-term treatment could affect miRNA 
expression in post-mortem brain samples. Finally, the findings on miR-378a-5p might be of interest, 
considering that this miRNA is mainly involved in lipid and metabolism homeostasis, that are probably 
compromised in BD patients, which indeed show an increased vulnerability to develop metabolic syndrome 
(McElroy and Keck, 2014). 
The 2 miRNAs found significantly altered in both the diagnostic groups, miR-330-3p and miR-345-5p, are 
predicted to regulate several target genes with a putative role in the shared pathogenetic mechanisms 
between MD and BD, for example the 5-hydroxytryptamine receptor 2C (HTR2C), monoamine oxidase A 
(MAOA), dopamine receptor D1 (DRD1), calcium/calmodulin-dependent protein kinase 2 (CAMKK2), 
neurotrophic tyrosine kinase receptor, type 3 (NTRK3), clock homolog (CLOCK), cAMP responsive element 
binding protein 1 (CREB1), gamma-aminobutyric acid A receptor, alpha 2 (GABRA2), cannabinoid receptor 1 
(CNR1), 5,10-methylenetetrahydrofolate reductase NADPH (MTHFR). Furthermore, the parallel 
dysregulation of these miRNAs in both the disorders suggests their involvement in depressive symptoms 
manifestation, since both MD and BD patients enrolled for this study are in a depressive state. 
Finally, considering RT-PCR results, all the analyzed miRNAs (including MD-specific, BD-specific and 
commonly altered ones) showed a differential expression when directly comparing MD vs. BD patients. In 
particular, the levels of the 2 commonly altered miRNAs, higher both in MD and BD patients compared to 
healthy controls, were also significantly higher in BD vs. MD patients, with MD showing intermediate levels 
between controls and BD patients. 
Overall, the bioinformatic analysis indicated that most of the genes potentially affected by the altered 
miRNAs are involved in mechanisms associated with neuroplasticity regulation and intracellular signal 
transduction, further supporting a role for these miRNAs in mood disorders etiology. 
 



However, the reported miRNA alterations have been observed in peripheral blood and it is currently not 
clear to what extent peripheral miRNA modifications could reflect alterations occurring in the CNS. The 
alterations observed in the periphery might directly reflect brain modifications, since miRNAs can pass 
through membranes in free form or in microvesicles (Laterza et al., 2009 and Skog et al., 2008), but it is also 
possible that changes in blood miRNA expression are due to the alteration/normalization of systems that 
cause molecular and cellular changes within the brain and peripheral organs as a result of neuroendocrine 
or neuroimmune responses (Anacker et al., 2011 and Janssen et al., 2010). Future studies investigating 
miRNA levels in exosomes, which act as cell-to-cell communicators and can derive from the CNS 
(Sheinerman and Umansky, 2013), may be useful to clarify the observed modifications. We are also aware 
that the sample size of this study is small and further confirmation in larger samples is needed. Finally, most 
of the enrolled patients were drug-free, but not drug-naïve from psychotropic drugs, so we cannot exclude 
an influence of previous therapies on the observed results. 
In conclusion, here we report a peripheral blood dysregulation in the expression levels of a panel of miRNAs 
specific for MD or BD patients, together with common alterations, which could potentially influence several 
pathways relevant for brain functions. The identification of the genes and biological pathways controlled by 
these miRNAs could provide new information for clarifying the pathogenesis of these diseases. Moreover, 
the described miRNA alterations may provide potential biomarkers, which could be integrated with clinical 
and other biological information to enhance the diagnosis and treatment of mood disorders. 
 
References 
American Psychiatric Association Task Force for the Handbook of Psychiatric Measures, 2000 
American Psychiatric Association Task Force for the Handbook of Psychiatric Measures 
Handbook of psychiatric Measures 
American Psychiatric Association, Washington, D.C (2000) 
 
Anacker and Beery, 2013 
A.M. Anacker, A.K. Beery 
Life in groups: the roles of oxytocin in mammalian sociality 
Front. Behav. Neurosci., 7 (2013), p. 185 
 
Anacker et al., 2011 
C. Anacker, P.A. Zunszain, L.A. Carvalho, C.M. Pariante 
The glucocorticoid receptor: pivot of depression and of antidepressant treatment? 
Psychoneuroendocrinology, 36 (2011), pp. 415–425 
 
Baudry et al., 2010 
A. Baudry, S. Mouillet-Richard, B. Schneider, J.M. Launay, O. Kellermann 
miR-16 targets the serotonin transporter: a new facet for adaptive responses to antidepressants 
Science, 329 (2010), pp. 1537–1541 
 
Belzeaux et al., 2012 
R. Belzeaux, A. Bergon, V. Jeanjean, B. Loriod, C. Formisano-Tréziny, L. Verrier, et al. 
Responder and nonresponder patients exhibit different peripheral transcriptional signatures during major 
depressive episode 
Transl. Psychiatry, 2 (2012), p. e185 
 



Beveridge et al., 2010 
N.J. Beveridge, E. Gardiner, A.P. Carroll, P.A. Tooney, M.J. Cairns 
Schizophrenia is associated with an increase in cortical microRNA biogenesis 
Mol. Psychiatry, 15 (2010), pp. 1176–1189 
 
Bocchio-Chiavetto et al., 2013 
L. Bocchio-Chiavetto, E. Maffioletti, P. Bettinsoli, C. Giovannini, S. Bignotti, D. Tardito, et al. 
Blood microRNA changes in depressed patients during antidepressant treatment 
Eur. Neuropsychopharmacol., 23 (2013), pp. 602–611 
 
Camkurt et al., 2015 
M.A. Camkurt, Ş. Acar, S. Coşkun, M. Güneş, S. Güneş, M.F. Yılmaz, et al. 
Comparison of plasma MicroRNA levels in drug naive, first episode depressed patients and healthy controls 
J. Psychiatr. Res., 69 (2015), pp. 67–71 
 
Chen et al., 2009 
H. Chen, N. Wang, M. Burmeister, M.G. McInnis 
MicroRNA expression changes in lymphoblastoid cell lines in response to lithium treatment 
Int. J. Neuropsychopharmacol., 12 (2009), pp. 975–981 
 
Chini et al., 2014 
B. Chini, M. Leonzino, D. Braida, M. Sala 
Learning about oxytocin: pharmacologic and behavioral issues 
Biol. Psychiatry, 76 (2014), pp. 360–366 
 
Choi et al., 2013 
J.W. Choi, S.M. Kang, Y. Lee, S.H. Hong, N.A. Sanek, W.S. Young, et al. 
MicroRNA profiling in the mouse hypothalamus reveals oxytocin-regulating microRNA 
J. Neurochem., 126 (2013), pp. 331–337 
 
Cogswell et al., 2008 
J.P. Cogswell, J. Ward, I.A. Taylor, M. Waters, Y. Shi, B. Cannon, et al. 
Identification of miRNA changes in Alzheimer's disease brain and CSF yields putative biomarkers and 
insights into disease pathways 
J. Alzheimers Dis., 14 (2008), pp. 27–41 
 
Cohen et al., 2014 
J.E. Cohen, P.R. Lee, R.D. Fields 
Systematic identification of 3′-UTR regulatory elements in activity-dependent mRNA stability in 
hippocampal neurons 
Philos. Trans. R. Soc. Lond. B Biol. Sci., 369 (2014), p. 1652 
 
Coronnello and Benos, 2013 
C. Coronnello, P.V. Benos 
ComiR: combinatorial microRNA target prediction tool 
Nucl. Acids Res., 41 (2013), pp. W159–W164 



 
Cortez et al., 2011 
M.A. Cortez, C. Bueso-Ramos, J. Ferdin, G. Lopez-Berestein, A.K. Sood, G.A. Calin 
MicroRNAs in body fluids – the mix of hormones and biomarkers 
Nat. Rev. Clin. Oncol., 8 (2011), pp. 467–477 
 
Culpepper, 2014 
L. Culpepper 
Misdiagnosis of bipolar depression in primary care practices 
J. Clin. Psychiatry, 75 (2014), p. e05 
 
Fan et al., 2014 
H.M. Fan, X.Y. Sun, W. Guo, A.F. Zhong, W. Niu, L. Zhao, et al. 
Differential expression of microRNA in peripheral blood mononuclear cells as specific biomarker for major 
depressive disorder patients 
J. Psychiatr. Res., 59 (2014), pp. 45–52 
 
Farazi et al., 2013 
T.A. Farazi, J.I. Hoell, P. Morozov, T. Tuschl 
MicroRNAs in human cancer 
Adv. Exp. Med Biol., 774 (2013), pp. 1–20 
 
Garbett et al., 2014 
K.A. Garbett, A. Vereczkei, S. Kálmán, J.A. Brown, W.D. Taylor, G. Faludi, et al. 
Coordinated messenger RNA/microRNA changes in fibroblasts of patients with major depression 
Biol. Psychiatry (2014) http://dx.doi.org/10.1016/j.biopsych.2014.05.015 (Epub ahead of print) 
 
Hirschfeld, 2013 
R.M. Hirschfeld 
The unrecognized side of bipolar disorder 
Am. J. Psychiatry, 170 (2013), pp. 815–817 
 
Huang et al., 2009 
D.W. Huang, B.T. Sherman, R.A. Lempicki 
Systematic and integrative analysis of large gene lists using DAVID bioinformatics resources 
Nat. Protoc., 4 (2009), pp. 44–57 
 
Issler et al., 2014 
O. Issler, S. Haramati, E.D. Paul, H. Maeno, I. Navon, R. Zwang, et al. 
MicroRNA 135 is essential for chronic stress resiliency, antidepressant efficacy, and intact serotonergic 
activity 
Neuron, 83 (2014), pp. 344–360 
 
Janssen et al., 2010 
D.G. Janssen, R.N. Caniato, J.C. Verster, B.T. Baune 
A psychoneuroimmunological review on cytokines involved in antidepressant treatment response 



Hum. Psychopharmacol., 25 (2010), pp. 201–215 
 
Kim et al., 2010 
A.H. Kim, M. Reimers, B. Maher, V. Williamson, O. McMichael, J.L. McClay, et al. 
MicroRNA expression profiling in the prefrontal cortex of individuals affected with schizophrenia and 
bipolar disorders 
Schizophr. Res., 124 (2010), pp. 183–191 
 
Laterza et al., 2009 
O.F. Laterza, L. Lim, P.W. Garrett-Engele, K. Vlasakova, N. Muniappa, W.K. Tanaka, et al. 
Plasma microRNAs as sensitive and specific biomarkers of tissue injury 
Clin. Chem., 55 (2009), pp. 1977–1983 
 
Li et al., 2013 
Y.J. Li, M. Xu, Z.H. Gao, Y.Q. Wang, Z. Yue, Y.X. Zhang, et al. 
Alterations of serum levels of BDNF-related miRNAs in patients with depression 
PLoS. ONE, 8 (2013), p. e63648 
 
Lopez et al., 2014 
J.P. Lopez, R. Lim, C. Cruceanu, L. Crapper, C. Fasano, B. Labonte, et al. 
miR-1202 is a primate-specific and brain-enriched microRNA involved in major depression and 
antidepressant treatment 
Nat. Med., 20 (2014), pp. 764–768 
 
Müller and Schwarz, 2007 
N. Müller, M.J. Schwarz 
The immune-mediated alteration of serotonin and glutamate: towards an integrated view of depression 
Mol. Psychiatry, 12 (2007), pp. 988–1000 
 
Maffioletti et al., 2014 
E. Maffioletti, D. Tardito, M. Gennarelli, L. Bocchio-Chiavetto 
Micro spies from the brain to the periphery: new clues from studies on microRNAs in neuropsychiatric 
disorders 
Front. Cell. Neurosci., 8 (2014), p. 75 
 
McElroy and Keck, 2014 
S.L. McElroy, P.E. Keck 
Metabolic syndrome in bipolar disorder: a review with a focus on bipolar depression 
J. Clin. Psychiatry, 75 (2014), pp. 46–61 
 
Miller et al., 2012 
B.H. Miller, Z. Zeier, L. Xi, T.A. Lanz, S. Deng, J. Strathmann, et al. 
MicroRNA-132 dysregulation in schizophrenia has implications for both neurodevelopment and adult brain 
function 
Proc. Natl. Acad. Sci. USA, 109 (2012), pp. 3125–3130 
 



Mitchell et al., 2008 
P.S. Mitchell, R.K. Parkin, E.M. Kroh, B.R. Fritz, S.K. Wyman, E.L. Pogosova-Agadjanyan, et al. 
Circulating microRNAs as stable blood-based markers for cancer detection 
Proc. Natl. Acad. Sci. USA, 105 (2008), pp. 10513–10518 
 
Moreau et al., 2011 
M.P. Moreau, S.E. Bruse, R. David-Rus, S. Buyske, L.M. Brzustowicz 
Altered microRNA expression profiles in postmortem brain samples from individuals with schizophrenia and 
bipolar disorder 
Biol. Psychiatry, 69 (2011), pp. 188–193 
 
O’Carrol and Schaefer, 2013 
D. O’Carrol, A. Schaefer 
General principals of miRNA biogenesis and regulation in the brain 
Neuropsychopharmacology, 38 (2013), pp. 39–54 
 
O’Connor et al., 2013 
R.M. O’Connor, S. Grenham, T.G. Dinan, J.F. Cryan 
microRNAs as novel antidepressant targets: converging effects of ketamine and electroconvulsive shock 
therapy in the rat hippocampus 
Int. J. Neuropsychopharmacol., 16 (2013), pp. 1885–1892 
 
Olde Loohuis et al., 2012 
N.F. Olde Loohuis, A. Kos, G.J. Martens, H. Van Bokhoven, N. Nadif Kasri, A. Aschrafi 
MicroRNA networks direct neuronal development and plasticity 
Cell. Mol. Life Sci., 69 (2012), pp. 89–102 
 
Papoutsidakis et al., 2013 
N. Papoutsidakis, S. Deftereos, A. Kaoukis, G. Bouras, G. Giannopoulos, A. Theodorakis, et al. 
MicroRNAs and the heart: small things do matter 
Curr. Top. Med Chem., 13 (2013), pp. 216–230 
 
Park et al., 2009 
N.J. Park, H. Zhou, D. Elashoff, B.S. Henson, D.A. Kastratovic, E. Abemayor, et al. 
Salivary microRNA: discovery, characterization, and clinical utility for oral cancer detection 
Clin. Cancer Res., 15 (2009), pp. 5473–5477 
 
Pasquinelli, 2012 
A.E. Pasquinelli 
MicroRNAs and their targets: recognition, regulation and an emerging reciprocal relationship 
Nat. Rev. Genet., 13 (2012), pp. 271–282 
 
Pittenger and Duman, 2008 
C. Pittenger, R.S. Duman 
Stress, depression, and neuroplasticity: a convergence of mechanisms 
Neuropsychopharmacology, 33 (2008), pp. 88–109 



 
Popoli et al., 2011 
M. Popoli, Z. Yan, B.S. McEwen, G. Sanacora 
The stressed synapse: the impact of stress and glucocorticoids on glutamate transmission 
Nat. Rev. Neurosci., 13 (2011), pp. 22–37 
 
Rong et al., 2011 
H. Rong, T.B. Liu, K.J. Yang, H.C. Yang, D.H. Wu, C.P. Liao, et al. 
MicroRNA-134 plasma levels before and after treatment for bipolar mania 
J. Psychiatr. Res., 45 (2011), pp. 92–95 
 
Shao et al., 2010 
N.Y. Shao, H.Y. Hu, Z. Yan, Y. Xu, H. Hu, C. Menzel 
Comprehensive survey of human brain microRNA by deep sequencing 
BMC Genom., 11 (2010), p. 409 
 
Sheinerman and Umansky, 2013 
K.S. Sheinerman, S.R. Umansky 
Circulating cell-free microRNA as biomarkers for screening, diagnosis and monitoring of neurodegenerative 
diseases and other neurologic pathologies 
Front. Cell. Neurosci., 7 (2013), p. 150 
 
Skog et al., 2008 
J. Skog, T. Würdinger, S. van Rijn, D.H. Meijer, L. Gainche, M. Sena-Esteves, et al. 
Glioblastoma microvesicles transport RNA and proteins that promote tumour growth and provide 
diagnostic biomarkers 
Nat. Cell Biol., 10 (2008), pp. 1470–1476 
 
Smalheiser et al., 2012 
N.R. Smalheiser, G. Lugli, H.S. Rizavi, V.I. Torvik, G. Turecki, Y. Dwivedi 
MicroRNA expression is down-regulated and reorganized in prefrontal cortex of depressed suicide subjects 
PLoS ONE, 7 (2012), p. e33201 
 
Smalheiser et al., 2014 
N.R. Smalheiser, G. Lugli, H. Zhang, H. Rizavi, E.H. Cook, Y. Dwivedi 
Expression of microRNAs and other small RNAs in prefrontal cortex in schizophrenia, bipolar disorder and 
depressed subjects 
PLoS ONE, 9 (2014), p. e86469 
 
Tardito et al., 2013 
D. Tardito, A. Mallei, M. Popoli 
Lost in translation. New unexplored avenues for neuropsychopharmacology: epigenetics and microRNAs 
Expert Opin. Invest. Drugs, 22 (2013), pp. 217–233 
 
Tardito et al., 2015 
D. Tardito, M. Seguini, A. Mallei, I. Merelli, D. Corrada, L. Bocchio-Chiavetto, G. Racagni, M. Popoli 



Early and time dependent effects of antidepressant treatments on rat hippocampal miRNome 
Eur. Neuropsychopharmacol., 25 (2015), p. S121 
 
Zhou et al., 2009 
R. Zhou, P. Yuan, Y. Wang, J.G. Hunsberger, A. Elkahloun, Y. Wei, et al. 
Evidence for selective microRNAs and their effectors as common long-term targets for the actions of mood 
stabilizers 
Neuropsychopharmacology, 34 (2009), pp. 1395–1405 
 
 


