
INTRODUCTION

Major depression represents the most prevalent psychiatric 
condition existing in general population.1 Moreover, according 
to WHO estimates published in 1996, major depression disor-
der (MDD), also labeled as unipolar depression, is placed sec-

ond on the list of the most disabling chronic diseases, sur-
passed only by cardiovascular diseases.2 To date, several 
distinct factors are presumed to be involved in the etiology of 
major depression.3 The most widely accepted etiopathogenic 
approach is based on the biopsychosocial model which brings 
into discussion several contributors that exert their long-last-
ing outcome starting from the antenatal period until adult-
hood. Moreover, the available therapeutic opportunities which 
mainly consist of psychological and pharmacological interven-
tions are only partially effective, most likely due to the limita-
tions of current medications that do not directly address the 
etiopathogenic determinants of MDD.4 On the other hand, it 
is well known that alterations of structural and neural plasticity 
are neurobiological markers constantly associated with MDD.5 
In this respect, one could mention alterations of synaptic net-
works, lowering of the dorsolateral cortical activity, altering of 
the synaptic connectivity between the frontal lobe and other 
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cerebral regions, modifications in the shape and number of 
dendritic pins, primary location of synapse formation, anoma-
lies of the hippocampus neurons dendrites morphology, low-
ering of the length and shape of apical dendrites, neural atro-
phy and diminished hippocampus volume, decrease in the 
number of neurons and glial cells in cortical areas, etc.6-16

It is noteworthy that recent years have marked a significant 
progress in the understanding of etiopathogenic factors related 
to MDD, including through research on the role of micro 
RNAs (miRs) as master regulators of gene expression. Micro 
RNAs are a class of small non-coding RNA molecules, 18−24 
nucleotides long, which regulate the stability of mRNA targets 
and are involved in a variety of physiological and pathological 
conditions, including MDD and suicidal behavior.17,18 In this 
respect, it has been shown that miR expression profiles are tis-
sue-specific (the cerebral tissue being characterized by a com-
plex and distinctive pattern of miRs) and differ between normal 
and pathological conditions,19,20 MiRs are involved in multiple 
neurobiological processes such as neural plasticity, neurogene-
sis, synaptogenesis and stress response, all of these having a 
major role in rendering vulnerability towards MDD.21-23 Recent-
ly it has been shown that certain miRs are downregulated in 
the prefrontal cortex of people dead by suicide and thus might 
associate with suicidal behavior.24 Although the research re-
garding miRs in MDD is still in its infancy, it is already well 
known that miRs play an important role in several stress relat-
ed disorders including depression, as mentioned above.

The intrinsic importance of this new field of study is not 
only related to the discovery and validation of miRs as bio-
markers for MDD, but also resides in the fact that they can be 
considered as new therapeutic targets for developing new 
classes of drugs such as anti-miRs or miR mimics. In this re-
spect, a recent study using postmortem human brain samples 
has revealed that miR-1202 is specific to primates and humans 
and is differentially expressed in individuals with MDD, this 
miR regulating the gene coding for the glutamate metabo-
tropic receptor-4 (GRM4) and can act as a predictor of thera-
peutic response to antidepressants from the initial phases of 
therapy.25 In addition, other studies on animal models have 
shown the utility of miRs as markers of therapeutic response to 
antidepressants.26,27

In recent years, the presence and profile of miRs circulating 
in blood has been extensively studied as possible biomarkers 
in several pathologies, being well known that these are stable 
and can be accurately detected in blood and other body flu-
ids.28,29 Regarding circulating miRs as markers of MDD, re-
search is still in its infancy and the data is currently very limit-
ed, only four such studies being published so far.30-33 The results 
of these studies are extremely encouraging; however they have 
major limitations, in the sense that, with the exception of Wan 

et al. (who profiled the miRs in the serum) they investigated 
the expression of miRs in whole blood including all blood 
cells. While it is questionable whether miR expression of these 
blood cells is representative of brain cells, it is well known that 
human neural tissue and specific cerebral regions have distinct 
miR expression profiles.

Here we report on a study investigating circulating plasma 
miR profiles as potential markers for MDD in patients treated 
with antidepressants.

METHODS

Study sample and design
All the subjects of this study are patients of the “Eduard 

Pamfil” Psychiatric Clinic of Timişoara who fulfilled the DSM-
IV-TR diagnostic criteria for major depressive episode.34 The 
sampling method was one by convenience. The study was car-
ried out in concordance with the Code of Ethics of the Decla-
ration of Helsinki and was approved by our institutional re-
view board. All participants provided signed informed consent.

The research is a follow-up study with two time points; the 
initiation of antidepressant treatment and the end of twelve 
weeks of antidepressant treatment. At both points we collected 
blood samples, and a structured diagnostic interview for major 
depression was done together with a standardized depression 
rating scale for the presence and severity of major depression.

The inclusion criteria for eligible patients were: a positive di-
agnostic of MDD according to DSM-IV-TR criteria (eligible 
patients have also undergone a SCID-I Romanian research 
version of clinical interview for psychiatric disorders of axis I 
DSM-IV-TR),35 age between 18 and 65 years old; willingness 
to provide an informed consent. The exclusion criteria were: 
having another developing psychiatric disorder diagnosed ac-
cording to axe I of DSM-IV-TR; an antidepressant treatment 
during the last 12 months preceding the enrolment into the 
study; the presence of pregnancy during the study; the pres-
ence of a chronic drug treatment for a comorbid medical dis-
ease 12 months prior to or during the study. All subjects con-
sidered for the study underwent a general physical examination 
and a blood sample was sent to a clinical laboratory for com-
plete blood count analysis. In order to be included in the study, 
subjects had to have leucocyte numbers within normal range 
and to be free of any sign of inflammation.

Once the diagnostic of major depressive episode was vali-
dated by the administration of SCID-I clinical interview for 
psychiatric disorders of axis I DSM-IV-TR, the severity of de-
pression was subsequently assessed by using the Hamilton De-
pression Rating Scale (HDRS) 17-items version (also known 
as HAM-D). Scoring of HDRS varies depending on the ver-
sion used. Hence, a score of 0−7 is usually accepted as being in 
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normal range (or clinical remission) while a score of 20 or 
higher (indicating at least moderate severity) is usually re-
quired for inclusion in a clinical study.36,37 A cut-off ≤7 was 
used to define the clinical remission of major depressive epi-
sode.

Initially, we recruited 10 subjects that respected all the afore-
mentioned inclusion criteria, of which 2 dropped out volun-
tarily and 3 have not reached clinical remission after twelve 
weeks of treatment with escitalopram. Therefore we finally 
processed for miRNA analysis the plasma samples of 5 sub-
jects, two females and 3 males with an average age of 47.20± 
7.92 (mean±standard deviation). The average decrease in 
HAMD score for the 5 subjects was 76.89% (HAMD score at 
T0=23.80±2.39, HAMD score at T12=5.50±1.14, for a mean 
dose of 12.3±3.3 mg escitalopram/day, as presented in Table 1.

Micro RNA profiling
Blood samples were collected by venipuncture in EDTA 

coated vacutainers and plasma was separated by centrifuga-
tion within 2 hours of collection and stored at -80°C until fur-
ther use. Before RNA extraction, plasma samples were centri-
fuged for 5 min at 15000 g in order to eliminate cellular debris 
and possible cellular contamination. Total RNA containing 
micro RNA was extracted from 200 uL plasma using the miR-
Neasy Serum/Plasma kit (Qiagen), adding C. elegans miR-39 
miRNA mimic spike-in as internal normalization control, ac-
cording to the manufacturer’s recommendations. RNA yields 
were assessed using a NanoDrop Spectrophotometer (Thermo 
Fisher Scientific) and 9 uL total RNA were used for reverse 
transcription with the miScript II RT Kit (Qiagen) following 
the manufacturer’s instructions. Mature miRNA expression 
was determined by real time PCR in an ABI 7900HT System 
(Life Technologies) using the miScript miRNA PCR Array 
Human miRNome (Qiagen) which interrogates 1008 unique 
human miRNAs, following the manufacturer’s procedures. 
Briefly, 25 uL of diluted cDNA were mixed with 1375 uL 
2XQuantiTect SYBR Green PCR Master Mix (Qiagen), 275 uL 
10XmiScript Universal Primer (Qiagen) and 1075 uL RNAse 
free water, and 25 uL of the mix were added in each well of the 

96-well plates, sealed, centrifuged briefly to eliminate bubbles 
and then subjected to 40 cycles of real time PCR. Data were 
analyzed by the ΔΔCT method of relative quantification, nor-
malized to the C. elegans miR-39 miRNA spike-in as previous-
ly described.38

Statistical analysis, target predication  
and pathway analysis

Only miRs showing expression in all samples were selected 
for further analysis. The fold changes in normalized miRNA 
expression between the two time points (before and after treat-
ment) were calculated and a paired t-test was used for statisti-
cal significance.

The miR list was divided in two sublists, up-regulated (cut-
off=2) and down-regulated were imported as such into the 
miRWalk2.0 algorithm (http://www.umm.uni-heidelberg.de/
apps/zmf/mirwalk/)39 and used for 3’UTR target predictions 
(minimum seed length 7, p-value=0.05). KEGG (Kyoto Ency-
clopedia of Genes and Genomes) database pathways analysis 
was used (with Bonferroni correction, p<0.05) to retrieve the 
pathways significantly targeted by at least two of the miRs.

RESULTS

miRNA profiling results
Of all analyzed miRs, 222 were detected in all plasma sam-

ples of MDD patients in our study. Of these, 40 miRs (Escital-
opram-miRs, or E-miRs) were differentially expressed after 
treatment, as presented in Table 2. Twenty-three miRs were sig-
nificantly overexpressed with fold changes ranging between 
1.85 and 25.42, the majority (17) with a fold change greater 
than 2.5. The rest of 17 miRs were significantly downregulated 
after treatment with fold changes ranging from 0.28 to 0.68.

miRNA targets and pathways
KEGG pathways analysis of the miRs dis-regulated after Es-

citalopram treatment (E-miRs) using the miRWalk algorithm 
revealed a list of 43 pathways (at p<0.05) for up-regulated 
miRs, out of which 29 are targeted by at least 2 miRs. In the 

Table 1. Characteristics of the study subjects

Subject ID Gender Age Mean dose/day HDRS score T0 HDRS score T12
1 F 45 10.00 28 4
2 M 58 10.00 23 5
4 F 36 14.04 23 6
6 M 48 17.26 22 7
7 M 49 10.00 23 6

Mean±SD 47.20±7.92 12.3±3.3 23.80±2.39 5.50±1.14
F: female, M: male, HDRS: Hamilton Depression Rating Scale, T0: before treatment, T12: after 12 weeks of treatment, SD: standard deviation
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case of down-regulated miRs, 46 pathways (at p<0.05) out of 
which 20 are targeted by at least two miRs were detected. Most 
of these pathways (65.5% and 51.4%, for up- and down-regu-
lated miRs, respectively) are related (directly or indirectly) to 
cancer (Table 3). The detailed list of the miRWalk predictions 
are presented in Supplementary Table 1 (in the online-only 
Data Supplement).

We have next asked which of the E-miRs have been already 
documented to target the top five pathways: Pathways in can-
cer, Wnt signaling, Endocytosis, Axon guidance and MAPK 
signaling. A miRWalk analysis of the Gene-miRNA-Pathway 
Interactions for all the five signaling pathways followed by a 
cross-examination with our list of E-miRS led to a number of 
15 (Wnt signaling), 17 (Cancer), 18 (Endocytosis), 13 (Axon 
guidance), and 13 (MAPK signaling) already documented in 
the literature to target (Table 4). Six of these E-miRs are com-
mon to all the five pathways: hsa-miR-146a-5p, hsa-miR-146b-
5p, hsa-miR-221-3p, hsa-miR-24-3p, hsa-miR-26a-5p. The en-
tire list of documented E-miRS including their molecular 
targets and links to the literature can be found in Supplemen-
tary Table 2 (in the online-only Data Supplement).

DISCUSSION

We have investigated herein the change in expression of cir-
culatory micro RNAs in MDD patients after 3 months of anti-
depressant treatment. To our knowledge, this is the first study 
to report changes in plasma miRNAs in MDD patients; previ-
ous studies investigating whole blood or blood white cells, 
only one other study analyzed miRNAs in serum.30-33 We iden-
tified 40 miRNAs with altered expression, 23 being signifi-
cantly up- and 17 being down-regulated, respectively. Several 
of these were also found disregulated in the blood of MDD 
patients as discussed below.

Bocchio-Chiavetto et al.,33 determined the expression pro-
files of 755 miRs in the whole blood of 10 MDD patients treat-
ed with escitalopram for 3 months, showing that 30 miRs were 
differentially expressed after treatment, 28 being upregulated 
and 2 being downregulated. Only two differentially expressed 
miRs overlapped between this study and ours, albeit in a dif-
ferent direction, namely miR-26a and let-7d. Both miRs were 
downregulated in plasma of MDD patients after treatment in 
our study; however Bocchio-Chiavetto et al. reported an up-
regulation of these in whole blood. This difference could pos-
sibly be due to the different sample type between the studies.

Another study by Belzeaux et al.32 determined miR profiles 

Table 2. Differentially expressed plasma miRs after treatment

miR FC p-value miR FC p-value
hsa-miR-1193 5.033 0.00384 hsa-miR-4263 2.578 0.02236
hsa-miR-3173-3p 18.390 0.00407 hsa-miR-382 4.597 0.02597
hsa-miR-3154 25.429 0.00437 hsa-miR-744 0.293 0.02683
hsa-miR-129-5p 3.287 0.00478 hsa-miR-301b 0.393 0.02940
hsa-miR-3661 3.407 0.00505 hsa-miR-27a 0.680 0.03057
hsa-miR-1287 1.881 0.00519 hsa-miR-24 0.560 0.03087
hsa-miR-532-3p 2.803 0.00530 hsa-miR-3691-5p 3.905 0.03103
hsa-miR-2278 4.924 0.00724 hsa-miR-146a 0.282 0.03369
hsa-miR-3150a-3p 3.568 0.00754 hsa-miR-375 3.014 0.03383
hsa-miR-3909 1.858 0.00794 hsa-miR-126 0.554 0.03516
hsa-miR-151-5p 0.487 0.00871 hsa-miR-433 3.013 0.03521
hsa-miR-99b 0.674 0.00915 hsa-miR-151-3p 0.441 0.03722
hsa-miR-937 7.120 0.01018 hsa-let-7d 0.568 0.03791
hsa-miR-676* 3.207 0.01186 hsa-miR-221 0.355 0.03859
hsa-miR-223 0.417 0.01275 hsa-miR-1298 1.881 0.04209
hsa-miR-181b 0.481 0.01497 hsa-miR-146b-5p 0.366 0.04220
hsa-miR-489 1.901 0.01627 hsa-miR-1909 1.853 0.04380
hsa-miR-637 4.454 0.01689 hsa-miR-1471 1.984 0.04385
hsa-miR-608 13.224 0.01693 hsa-miR-125a-5p 0.506 0.04393
hsa-miR-26a 0.4718 0.02224 hsa-miR-652 0.476 0.04586
p-value: paired t-test statistical significance. miR: micro RNA, FC: fold change
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Table 3. Pathways targeted by E-miRs

Upregulated E-miRs Down-regulated E-miRs
PathName Nr. miRs PathName Nr. miRs

Pathways in cancer 25 Pathways in cancer 19
Wnt signaling pathway 20 Wnt signaling pathway 18
Endocytosis 19 Endocytosis 17
Axon guidance 16 Axon guidance 15
Chronic myeloid leukemia 14 MAPK signaling pathway 15
Colorectal cancer 13 Chronic myeloid leukemia 14
MAPK signaling pathway 13 Neurotrophin signaling pathway 14
Apoptosis 12 Colorectal cancer 13
ErbB signaling pathway 12 ErbB signaling pathway 13
Pancreatic cancer 11 Insulin signaling pathway 13
Adherens junction 9 Glioma 12
Calcium signaling pathway 9 Calcium signaling pathway 11
Focal adhesion 9 Non small cell lung cancer 11
Ubiquitin mediated proteolysis 9 Adherens junction 10
Glioma 8 Focal adhesion 8
Neurotrophin signaling pathway 8 Melanogenesis 8
Small cell lung cancer 8 Pancreatic cancer 8
T cell receptor signaling pathway 7 Long term potentiation 7
Cell adhesion molecules CAMs 6 Phosphatidylinositol signaling system 7
Endometrial cancer 6 Apoptosis 6
Fc gamma R mediated phagocytosis 6 Cell adhesion molecules CAMs 6
Non small cell lung cancer 6 Prostate cancer 6
Prostate cancer 6 Regulation of actin cytoskeleton 6
Regulation of actin cytoskeleton 6 Renal cell carcinoma 6
Renal cell carcinoma 6 T cell receptor signaling pathway 6
mTOR signaling pathway 5 B cell receptor signaling pathway 5
Hedgehog signaling pathway 4 Endometrial cancer 5
Long term potentiation 4 Hedgehog signaling pathway 5
Adipocytokine signaling pathway 3 mTOR signaling pathway 5
Arrhythmogenic right ventricular cardiomyopathy ARVC 3 Small cell lung cancer 5
Melanogenesis 3 VEGF signaling pathway 4
p53 signaling pathway 3 Adipocytokine signaling pathway 3
Acute myeloid leukemia 2 Basal cell carcinoma 3
B cell receptor signaling pathway 2 Fc gamma R mediated phagocytosis 3
Cell cycle 2 GnRH signaling pathway 3
Epithelial cell signaling in Helicobacter pylori infection 2 Melanoma 3
Melanoma 2 Acute myeloid leukemia 2
Phosphatidylinositol signaling system 2 Chemokine signaling pathway 2
Vascular smooth muscle contraction 2 Fc epsilon RI signaling pathway 2

Leukocyte transendothelial migration 2
TGF beta signaling pathway 2

E-miRs: miRs disregulated after Escitalopram treatment, No. miR: number of miRs dis-regulated in each pathway, Wnt: Wingless-related in-
tegration site, MAPK: mitogen-activated protein kinases, ErbB: ErbB receptor tyrosine kinases, mTOR: mammalian target of rampycin, 
VEGF: vascular endothelial growth factor, GnRH: gonadotropin releasing hormone, TGF: tumor growth factor
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of 762 miRs in peripheral blood mononuclear cells (PBMCs) 
of 13 healthy subjects and 16 MDD patients before and 2 and 
8 weeks after treatment, showing different miR profiled be-
tween cases and controls, and whose expression varies accord-
ing to treatment. One of the miRs (miR-433) reported in this 
study to be upregulated after 8 weeks of treatment in blood 
cells was also found to be upregulated in plasma of MDD pa-
tients after 12 weeks of treatment in our study. In addition, an-
other miR (miR-652) found to be upregulated in blood cells of 
MDD patients compared to healthy controls by Blezeaux et al. 
was also found to be dysregulated in plasma after treatment in 
our study, being downregulated. This could suggest that the 
higher levels of miR-652 in MDD patients were lowered by 
antidepressant medication as found in our study.

Fan et al.30 investigated by microarray the expression of 723 
miRs in PBMCs of MDD patients compared to healthy con-
trols and fund 26 significantly differentially expressed miRs. 
Among the ones found at higher levels in PBMCs of MDD pa-
tients, miR-146b-5p was also found in our study to be downreg-
ulated in plasma of MDD patients after treatment, suggesting 
that antidepressant medication lowers the level of this miR to 

values closer to those found in healthy people.
In a study of 179 miRs in the cerebrospinal fluid (CSF) of 6 

MDD patients compared to 6 healthy controls, Wan et al.31 re-
ported 11 upregulated and 5 downregulated miRs, of which 3 
and 1, respectively, were conformed in the serum of same sub-
jects. Three of these miRs (miR-125a-5p, miR-221, let-7d) up-
regulated in the CSF and two of which confirmed in serum 
(miR-221, let-7d) of MDD patients were also found downreg-
ulated after treatment in plasma in our study, suggesting a 
normalizing effect of antidepressant treatment on the circulat-
ing miR levels. However, one other miR (miR-375) upregulated 
in CSF of MDD patients was also found upregulated by treat-
ment in our study, although not confirmed in serum by Wan 
et al.

Several of the miRs found to be dysregulated by treatment 
in our study were also described as being involved in the pa-
thology of MDD by others using human brain tissue or animal 
models. For example Smalheiser et al.40 reported several miRs 
down-regulated and reorganized in the prefrontal cortex of 
depressed suicide subjects, among which miR-489, miR-27a 
and miR-146a were also found dysregulated by treatment in 

Table 4. E-miRs already documented to impact the top 5 pathways (Wnt signaling, Cancer, Endocytosis, Axon guidance and MAPK signaling)

Wnt Cancer Endocytosis Axon guidance MAPK signaling
hsa-miR-125a-5p hsa-let-7d-5p hsa-let-7d-5p hsa-let-7d-5p

hsa-miR-125a-5p hsa-miR-125a-5p hsa-miR-125a-5p hsa-miR-125a-5p
hsa-miR-126-3p hsa-miR-126-3p hsa-miR-126-3p hsa-miR-126-3p

hsa-miR-146a-3p
hsa-miR-146a-5p hsa-miR-146a-5p hsa-miR-146a-5p hsa-miR-146a-5p hsa-miR-146a-5p
hsa-miR-146b-5p hsa-miR-146b-5p hsa-miR-146b-5p hsa-miR-146b-5p hsa-miR-146b-5p
hsa-miR-151a-5p
hsa-miR-181b-5p hsa-miR-181b-5p hsa-miR-181b-5p hsa-miR-181b-5p
hsa-miR-221-3p hsa-miR-221-3p hsa-miR-221-3p hsa-miR-221-3p hsa-miR-221-3p

hsa-miR-223-3p hsa-miR-223-3p
hsa-miR-24-2-5p

hsa-miR-24-3p hsa-miR-24-3p hsa-miR-24-3p hsa-miR-24-3p hsa-miR-24-3p
hsa-miR-26a-5p hsa-miR-26a-5p hsa-miR-26a-5p hsa-miR-26a-5p hsa-miR-26a-5p
hsa-miR-27a-3p hsa-miR-27a-3p hsa-miR-27a-3p hsa-miR-27a-3p

hsa-miR-301b hsa-miR-301b hsa-miR-301b
hsa-miR-652-3p hsa-miR-652-3p hsa-miR-652-3p

hsa-miR-744-3p hsa-miR-744-5p
hsa-miR-744-5p hsa-miR-744-5p

hsa-miR-99b-5p
hsa-miR-375 hsa-miR-375 hsa-miR-375 hsa-miR-375 hsa-miR-375

hsa-miR-433-3p hsa-miR-433-3p
hsa-miR-532-3p hsa-miR-532-3p hsa-miR-532-3p hsa-miR-532-3p
hsa-miR-608 hsa-miR-608 hsa-miR-608 hsa-miR-608

E-miRs: miRs disregulated after Escitalopram treatment, Wnt: Wingless-related integration site, MAPK: mitogen-activated protein kinases
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our study. Moreover, downregulated miR-24 and miR-221 from 
our study were also found to be decreased in the hippocampus 
of rats after long term mood stabilizer treatment such as val-
proate and lithium.41 In a study of mice subjected to acute stress, 
Rinaldi et al.42 found increased expression in the prefrontal cor-
tex of miR-151-3p and miR-125a-5p, which were also found 
downregulated by treatment in the plasma of our MDD pa-
tients. Notably, miR-125a-5p was also found at higher levels in 
the CSF of MDD patients as compared to healthy controls as 
mentioned above.31

Others have found some of the same circulating miRs as re-
ported by us to be dysregulated in other psychiatric disorders. 
For example, miR-151-3p that was found at higher levels in 
the brain of stressed mice was also found downregulated in 
the serum of autistic children,43 together with miR-433 which 
is also upregulated by antidepressant treatment in blood cells,32 
miR-489 which is also downregulated in the brain of depressed 
subjects,40 and miR-181b which was also found in higher levels 
in the serum of schizophrenia patients.44

Our KEGG pathways analysis using the miRWalk algorithm 
showed that the majority of the targeted pathways for both up- 
and down-regulated miRs relate to cancer processes. This is of 
particular interest since the subject of the possible interactions 
of antidepressants with antineoplastic therapy at the level of 
CYP450s has become increasingly important lately.45 Given 
that Escitalopram has been found to have a particularly low 
CYP450s inhibitory potential, our data suggest that circulating 
microRNAs might represent another level of interaction be-
tween selective serotonin reuptake inhibitors (SSRI) and can-
cer pathways. Of note, hsa-miR-151-3p is one of the 6 microR-
NAs found to be altered by another SSRI (paroxetine) in human 
lymphoblastoid cell lines derived from healthy adult female in-
dividuals,46 while hsa-miR-221 is one of the microRNAs shown 
to be down-regulated following chronic paroxetine exposure 
of LCLs.47

Two major signaling pathways stand out as major targets of 
the escitalopram-dependent microRNAs: Wnt and MAPK sig-
naling, both being known to be involved in depression through 
cell proliferation and plasticity of the hippocampus.48,49 The 
link between SSRI and Wnt/GSK-3β/β-catenin signaling has 
been demonstrated in the dorsal hippocampus, where GSK-3β 
was found to be activated by citalopram.50 Our data indicate 
that SSRI in general, and Escitalopram in particular might 
modulate Wnt and MAPK signaling pathways through an epi-
genetic mechanism involving altered levels of circulating mi-
croRNAs.

Our miRWalk analysis shows that both up- and down-regu-
lated miRs target the endocytosis pathway; an interesting re-
sults since it has been postulated that the trafficking of cellular 
serotonin transporters from and towards the cell membrane 

might be regulated at posttranscriptional level.51

Axon growth was also among the top pathways targeted by 
the escitalopram-miRs, a result reminding of previous ex vivo 
and in vivo studies on embryonic thalamic axons, effect which, 
interestingly, was described as SERT independent.52

Interestingly, none of the circulating microRNAs targets the 
metabotropic glutamate-receptor 4 previously shown to be the 
target of the primate-specific, brain enriched miR-1202 found 
to be involved in major depression and antidepressant treat-
ment.25

Overall, our miRWalk analysis of the extensive changes in 
plasma microRNAs after Escitalopram treatment of patients 
diagnosed with major depression might opens a new avenue 
for the understanding of Escitalopram mode of action but also 
for its side effects.

Despite being a pilot study of small sample size, with no val-
idation of individual miRs, to our knowledge this is the first 
study to assess circulating extracellular levels of miRs affected 
by antidepressant treatment in MDD patients, also investigat-
ing an unprecedented number of miRs; the other two existing 
studies examining miRs in whole blood and PBMCs, respec-
tively.

We believe that this field of study is one of great importance 
and relevance, taking into account the fact that current studies 
have suggested a possible role of miRs as diagnostic and prog-
nostic markers in MDD, also opening new avenues for thera-
peutic discoveries with a more specific action compared to ex-
isting treatments.

Supplementary Materials
The online-only Data Supplement is available with this ar-

ticle at http://dx.doi.org/10.4306/pi.2016.13.5.549.
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