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MicroRNAs are short non-coding molecules that play a major role in regulating gene expression. Peripheral levels of miR-1202 have been
shown to predict and mediate antidepressant response. However, it is not clear to what extent these peripheral measures reflect central
neural changes in vivo. We approached this problem with the combined use of peripheral miR-1202 measures and neuroimaging. At
baseline and after 8 weeks of desvenlafaxine (50–100 mg die), 20 patients were scanned with 3T magnetic resonance imaging, first at rest
then during the Go/NoGo task, a classical test of response inhibition. Blood samples were collected at both time points. During resting
state, lower baseline miR-1202 levels were predictive of increased connectivity from T0 to T8 between the posterior cingulate and the
prefrontal, parietal, and occipital cortices. Changes in miR-1202 levels following desvenlafaxine treatment were negatively correlated with
changes in activity in right precuneus within the default-mode network, and in connectivity between the posterior cingulate and the
temporal and prefrontal cortices, and the precuneus. During the Go/NoGo task, baseline miR-1202 levels and changes in these levels were
correlated with activity changes in different regions, including bilateral prefrontal, insular, cingulate, and temporal cortices, and left putamen
and claustrum. Finally, secondary analyses in a subset of patients showed a trend for a significant correlation between miR-1202 levels and
glutamate levels measured by spectroscopy. Changes in peripheral miR-1202 levels were therefore associated with changes in brain activity
and connectivity in a network of brain regions associated with depression and antidepressant response. These effects may be mediated by
the glutamatergic system.
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INTRODUCTION

Major depressive disorders rank among the top five diseases
with the highest global burden in North America and Europe
(Murray et al, 2012). Although pharmacological treatments
exist, several trials lasting each several weeks are often
necessary before finding the most efficient therapy for a
given individual, and more than 10% of depressed indivi-
duals will not respond to any correctly conducted interven-
tions (Rush et al, 2006). These findings partly reflect our lack
of understanding of the biological mechanisms underlying
depression and antidepressant response.
Micro-RNAs (MiRNAs) are small, single-stranded, 21-base

RNA transcripts that bind to messengers RNAs (mRNA) and

target them for degradation, and as such play an important
role in control of available mRNA in the cell (Mellios et al,
2008). MiRNAs circulate in blood and other fluids and are
stably transported in small double lipid layered vesicles of
40–100 nm called exosomes (Valadi et al, 2007) or by
lipoproteins such as HDL and LDL (Vickers et al, 2011). In
addition, circulating miRNAs reflect underlying physiologi-
cal and pathological states, and their levels may change as a
result of treatment effects (Gilad et al, 2008; Chen et al, 2009;
Zhou et al, 2009; O’Connor et al, 2012). As a consequence,
there has been growing interest in the role of miRNAs as
biomarkers of disease and treatment response. MiRNAs may
notably play a role in response to psychotropic drugs,
including lithium, valproate, and antidepressants (Chen et al,
2009; Zhou et al, 2009; Baudry et al, 2010; Bocchio-Chiavetto
et al, 2013; Issler et al, 2014).
Using post-mortem human brain samples, cellular assays

and blood samples from clinical trials of depressed patients,
we have recently shown that miR-1202, an miRNA specific
to primates, is differentially expressed in the prefrontal
cortex of depressed individuals, predicts clinical response,
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and is upregulated in vitro and in vivo in response to
antidepressant treatment (Lopez et al, 2014). Moreover, the
effect of miR-1202 on antidepressant response may be
related to its regulation of the glutamatergic system via its
effect of the expression of the metabotropic receptor GRM4
(Lopez et al, 2014). An important question that follows from
our previous study is the relationship between the peripheral
variations of miR-1202 levels and changes in brain activity
in vivo. Answering this question is important to elucidate
potential mechanisms whereby miR-1202 may mediate
antidepressant response, and to validate its role as a
biomarker. The main objective of the present study was
therefore to investigate this relationship using functional
neuroimaging.
Specifically, we measured both miR-1202 and brain

activity at rest and during a task before and after an
8-week antidepressant treatment. Impaired cognitive inhibi-
tion has been associated with significant depressive symp-
toms like ruminations (Lau et al, 2007), and with
dysfunctional prefrontal and parietal brain activity during
depression (Richard-Devantoy et al, 2016). Here, we used the
classical version of the Go/NoGo task, as performance at this
task has been shown to be impaired in depressed individuals
(Kaiser et al, 2003). We additionally measured resting-state
activity, as perturbed brain activity and connectivity at rest
have been reported in depressed patients (Mulders et al,
2015; Murrough et al, 2016), and were found to be
modulated by efficient antidepressant treatment (Dichter
et al, 2015; Fu et al, 2015).
In this pilot study, we hypothesized that (1) baseline

miR-1202 levels would predict change in at-rest and
task-related brain activity/connectivity occurring during an
8-week antidepressant treatment and (2) changes in
miR-1202 levels from baseline to week 8 would be correlated
with changes in brain activity/connectivity in regions
previously associated with depression.

MATERIALS AND METHODS

Population and Assessment

All participants were recruited from an outpatient clinic at
the Douglas Mental Health University Institute in Montréal,
Canada, and assessed by an experienced psychiatrist using
the SCID-I (First et al, 2012) following DSM-IV criteria.
Patients were all suffering from a current major depressive
episode as part of a major depressive disorder. Exclusion
criteria included comorbidity with other major psychiatric
disorders, bipolar disorder, alcohol or substance abuse over
the last 6 months, and a severe medical condition. All were
right-handed as confirmed by the Edinburgh handedness
inventory (Oldfield, 1971) and had no counter-indication to
magnetic resonance imaging (MRI). None of the participants
were medicated at baseline. None had received fluoxetine or
lithium over the last month, or any psychotropic medication
over the last week. Five patients (25%) had no lifetime
history of psychotropic medication. Informed written
consent was obtained from all participants. This study was
approved by the local ethics committee.
Twenty-three participants were recruited and completed

two MRI sessions, at baseline before any medication (T0)
and after 8 weeks of an antidepressant treatment (T8). Blood

samples were drawn at both time points for miR-1202
analyses. Three patients had to be excluded due to technical
issues so final imaging analyses were conducted in 20
patients (mean age= 42.3 (SD= 9.3); 13 (65%) females).
All patients were treated for 8 weeks with desvenlafaxine, a

serotonin–norepinephrine reuptake inhibitor, started at
50 mg and increased to 100 mg die if needed. Response was
defined as more than 50% improvement in Hamilton
Depression Rating Scale (HAMD-21; Hamilton, 1960) scores
between T0 and T8, and remission as a T8 score below 8. In
our sample, mean HAMD scores were 30.3 (4.8) at T0 and
14.8 (6.9) at T8. Three patients reached remission (15%) and
14 (70%) were responders.

Statistical Analyses

As most variables showed a close to normal distribution,
parametric tests were used. Comparison of quantitative
values between T0 and T8 were conducted with paired
t-tests. ANOVA or t-tests was used for between-group
comparisons. Correlations between quantitative values and
miR-1202 levels were calculated with a Pearson’s test. A
χ2 test was used to compare qualitative values. Finally, a
General Linear Model was used to investigate the effect of
covariates.
In line with what was previously done (Lopez et al, 2014),

two measures were used for analyses with miR-1202: The
first one was the baseline miRNA levels before any treatment
(T0), whereas the second was the ratio between miRNA
levels at the end of the 8-week treatment on levels at baseline
(T8/T0) as a measure of miR level changes. An α threshold of
0.05 was set a priori for all analyses. SPSS 23.0 (SPSS,
Chicago, IL) was used for statistical analyses.

Blood Samples Processing and RNA Extraction

Blood samples were collected in PAXgene blood RNA tubes
(PreAnalytix) at T0 and T8. PAXgene tubes were frozen
using a sequential freezing process. This involved storing
tubes at room temperature for 3 h, transferring to 4 °C
overnight, − 20 °C for 6–8 h and then finally to − 80 °C. Total
RNA (including miRNA fraction) was isolated using the
miRNeasy Mini Kit protocol (Qiagen, Canada) with no
modifications. RNA and miRNA yield and quality were
determined using the Nanodrop 1000 (Thermo Scientific,
USA) and Agilent 2100 Bioanalizer (Agilent Technologies,
USA), respectively. The RNA Integrity Number value was
48 for all our samples.

Quantitative Real-Time Polymerase Chain Reaction

MicroRNA was reverse transcribed using TaqMan RT-PCR
microRNA assays (Applied Biosystems) according to the
manufacturer’s instructions. Real-time PCR reactions were
run in triplicates using the ABI 7900HT Fast Real-Time PCR
System and data were collected using the Sequence Detection
System (SDS) software (Applied Biosystems). Expression
levels were calculated using miRNA TaqMan probes and the
Absolute Quantitation (AQ) standard curve method. RNU6B
was used as the endogenous control, as it showed expression
levels that remained relatively constant with low variance
and high abundance across human samples tested. The
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following TaqMan probes were used for miRNA quantifica-
tion: miR-1202 (Assay# 002858); RNU6B (Assay # 001093).
In our sample, mean miR-1202 levels were 0.57 (0.30) at

T0 and 0.53 (0.27) at T8.

Go/NoGo Task for Functional MRI

A classical version of the Go/NoGo task was implemented in
E-Prime 2.0.10.182 (Sharpsburg, PA, USA) as a measure of
cognitive inhibition. Stimuli were displayed in an MRI-
compatible liquid crystal display at the rear of the scanning
bore, viewable via a mirror by the participant. Each task was
composed of six blocks: three Go and three NoGo blocks
were presented in an ABBAAB order interleaved with 20-
second blank-screen resting periods and 5 s instructions
prior to the start of each block. In the Go block, participants
were instructed to respond to all letters (black letters on a
white screen) indiscriminately by pressing the button with
their right index finger as quickly as possible. In the No-Go
block, participants were instructed to respond as quickly as
possible to target letters (ie all letters other than X) but NOT
to equally frequent non-target letters (letter X).
Each block lasted 62 s and consisted of 24 trials. Each trial

was composed of a fixation cross followed by a letter. The
duration of the fixation cross varied between 700, 900, 1100
or 1300 ms, randomized to prevent habituation, six trials of
each duration resulting in an average fixation cross duration
of 1000 ms across the entire block and experiment. The
target/non-target letters were always displayed for 500 ms.
All blocks had 12 predetermined pseudo-randomly distrib-
uted target letters (50%) and 12 non-target letters (50%). In
all sequences, reaction times were recorded, as were omission
errors (ie, not pressing a target letter) in both conditions and
commission errors (ie, responding to a non-target letter) in
the NoGo conditions. Omission scores are usually inter-
preted as reflecting attention abilities, while commission
scores are a more direct measure of inhibitory processes.

Image Acquisition

Scans were conducted at the Douglas Mental Health
University Institute’s Cerebral Imaging Centre using a
Siemens Magnetom Trio (Tim System 3T, MR B17) MRI
scanner with a 12-channel head coil. Blood-oxygen-level
dependent functional scans were acquired during one single
session for the resting state sequence and the Go/NoGo task.
For the resting state, 285 volumes consisting of 38 contiguous
3.5-mm transversal slices were acquired with a T2-weighted
gradient echo-planar imaging sequence (repetition time:
2.09 ms; echo time: 30 ms; field of view: 24 mm; base
resolution: 64 × 64; in-plane resolution: 3.5 × 3.5 mm; GRAP-
PA acceleration: 2; descending sequential acquisition).
During the Go/NoGo task, 175 volumes were acquired with
the same parameters as described above. A structural
sequence was also acquired consisting of a high-resolution,
whole-brain T1-weighted acquisition using a Magnetization
Prepared Rapid Gradient Echo (MPRAGE) sequence with
TR/TE/flip angle= 2300 ms/2.98 ms/9°, and a base resolution
of 256 × 256, with 1 mm3 isotropic voxels resulting in
acquisition time of 9.25 min.

Image Analyses

Pre-processing. Robust skull stripping algorithms (Iglesias
et al, 2011) were applied on structural images before
registering them into MNI standard space. The spatial
nonlinear transformation, estimated on registrations stage,
was stored to be used on fMRI data set. Functional images
were ‘pre-processed’ following Pereira et al (2010): (1) slice-
timing correction was employed on each time-point using
Fourier function and the middle axial slice (18th) was
selected as the reference section; (2) corrections for head
motion were performed on successive time points using
Fourier interpolation. The parameters of rotation and
translation, regarding the first time-point, were stored to
be used as co-factors on further analysis; (3) remaining
images were averaged across time-points and registered into
the native-space of the structural image. The linear
transformation estimated here was concatenated with the
prior spatial transformation and applied on the aligned
functional data set.

Default-mode network and correlations with miR-1202.
Independent spatial maps (IC) were computed using
Probabilistic Independent Component Analysis (Beckmann
and Smith, 2004). This procedure basically seeks indepen-
dent sources in the spatial dimension that are mutually
associated to the similar fluctuations. The set of ICs was
obtained using MELODIC v3.14, an FSL toolbox (Jenkinson
et al, 2012). It was pulled out as many ICs as necessary to
achieve 99% of the variability in the pre-processed data.
Then, the set of ICs was masked with the Default-Mode
Network (DMN) functional atlas (Shirer et al, 2012) and the
z-values within and outside the mask were extracted. To
determine the single component that best fits the DMN atlas,
we employed the ‘Goodness-of-Fit’ (GoF) approach
(Balthazar et al, 2014) as following:

GoF ¼ �Zin � �Zoutð Þ Pin

N in
� Pout

Nout

� �

%Z : average of z-scores

P : number of positive voxels

N : number of voxels

in : inside the mask and

out : outside the mask

The component with the highest GoF was picked up to
represent the individual DMN map in each time-point (eg
T0 and T8). The DMN maps were used to perform two
distinct analyses. First, a paired group comparisons were
carried out and permutation test was applied to control false-
positive outcomes. Significant clusters (p-correctedo0.05)
were then binarized to serve as a ‘seed’ on the Seed-Based
functional-connectivity analysis (see below). Second, indivi-
dual pairwise differences were computed and correlated with
both miR-1202 scores (T0 and T8/T0) independently.
Correction for multiple comparisons was carried out using
uncorrected p-value of 0.001 and permutation analyses using
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3dClustSim, a toolbox of AFNI (Cox, 2012). Only clusters at
po0.05 and minimum cluster size of 36 voxels are reported.

Seed-based functional connectivity and correlations with
miR-1202. We extracted the time-series within the seed of
pre-processed data and averaged them. The resulting mean
time-series was regressed with pre-processed images using
motion correction parameters as nuisance factor. β-Values
estimated in this approach represent the individual Function
Connectivity (FC) map, which was used to perform two
distinct second-level analyses. Similarly to the DMN
analyses, FC of at T0 and T8 were compared using paired
t-test and permutation tests to correct for multiple
comparisons. In addition, individual FC differences were
correlated with both miR-1202 scores.

Go/No-Go contrast and correlation with miR-1202. A
first-level fixed-effect block-design model was constructed
for each participant at both time-points (before and after
drug treatment). Gamma function with its linear and
quadratic orders were used to model the block design. Head
motion parameters as well as the linear and the quadratic
drifts were regressed as nuisance variables whereas the ‘No-
Go versus Go’ contrast was designed as contrast of interest. A
second-level analysis was performed on the contrast images
to evaluate main effects changes before and after the drug
treatment. Correction for multiple comparisons was esti-
mated using permutation tests implemented in 3dClustSim.
Only clusters with corrected po0.05 and minimum 36 voxels

were considered significant. A pairwise difference of the
contrast-of-interest (T8−T0) was then computed and
independently correlated with the two miRNA parameters.
Similarly, correction for multiple comparisons was employed
and survival clusters had po0.05.

RESULTS

Resting State Analyses (Default-Mode Network and
Functional Connectivity) and Correlations with
miR-1202

Activation at T0 and T8, and contrasts between T8 and T0
within the default-mode network in the 20 participants are
presented in Supplementary Figure S1. From T0 to T8, there
was decreased activity in two clusters localized in the right
and left posterior cingulate cortex (90 voxels; peak voxels
with MNI coordinates: x= 16, y=− 56, z= 8; Z-value=− 3.8;
and 61 voxels; − 20, − 58, 22; Z=− 3.6). These two clusters
were then used as one seed region for connectivity analyses
with the whole brain. Functional connectivity results at T0,
T8 and changes from T0 to T8 are presented in
Supplementary Figure S2. Over time, there was decreased
connectivity between this seed region and two clusters in
right and left uncus/inferior temporal gyrus/parahippocam-
pal gyrus (102 voxels; − 26, − 12, − 42; Z=− 3.7 and 36
voxels; 36, − 18, − 36; Z=− 4.0). Decreased connectivity with
the posterior default-mode network after antidepressant
treatment is in line with the literature (Dichter et al, 2015).

Table 1 Localization of Changes in Brain Activity After 8-week Antidepressant Treatment and During Resting State Correlated with
Peripheral miR-1202 Levels

Cluster size Peak voxel (MNI) BA Side Region

Z x y Z

Within default mode network

Correlation with T0 miR-1202

—

Correlation with T8/T0 miR-1202

78 − 4.1 40 − 74 38 19/39 R Precuneus

Functional connectivity with posterior cingulate cortex

Correlation with T0 miR-1202

139 − 5.5 30 − 94 − 4 18 R Middle and inferior occipital gyrus

59 − 5.7 36 14 52 6/8 R Middle and superior frontal gyrus

59 − 6.4 − 48 − 36 60 40 L Inferior parietal lobe/post-central gyrus

50 − 7.5 34 58 16 10 R Middle and superior frontal gyrus

47 − 7.5 − 40 54 16 10 L Middle and superior frontal gyrus

43 − 8.9 16 − 86 10 17/18 R Occipital cortex/Cuneus

43 − 8.4 − 34 44 38 9 L Superior and middle frontal gyrus

Correlation with T8/T0 miR-1202

61 − 4.1 − 60 − 6 − 14 21 L Middle temporal gyrus

56 − 6.1 10 48 16 10 R Middle frontal gyrus

38 − 6.6 − 6 − 66 32 7/31 L Precuneus

Abbreviations: BA, Brodmann Area; L, left; MNI, Montreal Neurological Institute coordinates; R, right; T0, levels at baseline; T8, levels after 8 week antidepressant
treatment.
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T0 miR-1202 was not associated with changes in activity
within the default-mode network. However, it was negatively
correlated with changes in connectivity between the seed
region and seven clusters localized in occipital, parietal and
anterior and dorsal prefrontal cortices (Table 1 and
Figure 1).
T8/T0 miR-1202 was negatively correlated with changes in

activity in a cluster localized in the right precuneus within
the default-mode network. Moreover, changes in miR-1202
levels were negatively correlated with changes in the
connectivity between the seed region and three clusters
localized in left middle temporal and right anterior
prefrontal cortices, and in left precuneus (Table 1 and
Figure 1).

Go/NoGo Task Analyses and Correlation with miR-1202

Contrasts between NoGo and Go conditions at T0 and T8,
and the difference between T8 and T0 for this contrast in the

20 patients are presented in Supplementary Figure S3. At
corrected level, three large clusters showed significant
changes over time, including two neighboring clusters (191
voxels; 2, − 74, 20; Z=− 3.9; and 169 voxels; 0, − 62, 14;
Z=− 4.2) in bilateral precuneus (Brodmann Area (BA) 31)
extending to occipital cortex (BA18) and posterior cingulate
(BA23), and one smaller cluster (64 voxels; − 6, − 4, 52;
Z=− 4.6) in left medial frontal gyrus (BA6) extending to left
cingulate gyrus (BA23). These regions have previously been
associated with activation changes during an antidepressant
treatment (Delaveau et al, 2011). Post-hoc explorations
showed larger difference in activation between Go and
NoGo conditions at T8 relative to T0, due to a larger
deactivation during NoGo at T8. Moreover, there was a trend
for decreased number of commission (t= 1.9; DoF= 19;
p= 0.08) but not omission errors with time.
T0 miR-1202 levels were correlated with activity changes

in seven clusters on both hemispheres, overlapping the
temporal, occipital, frontal, dorsolateral and dorsomedial

Figure 1 Brain regions associated with miR-1202 levels during resting state over the 8-week antidepressant treatment. Top: Significant correlations between
changes in miR-1202 levels (T8/T0 ratio) and changes in activity within the default-mode network (DMN); middle: significant correlations between baseline
miR-1202 levels (T0) and changes in whole-brain functional connectivity (FC) with posterior cingulate; below: significant correlations between changes in
miR-1202 levels (T8/T0 ratio) and changes in whole-brain FC with posterior cingulate.
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prefrontal, and anterior cingulate cortices, in addition to
some left subcortical nuclei (lentiform nucleus, including
putamen and claustrum) (Table 2 and Figure 2).
All correlations were negative at the exception of the
smallest cluster.

Changes in miR-1202 levels were correlated with activity
changes in nine clusters on both hemispheres, overlapping
the temporal, occipital, ventrolateral and ventromedial
prefrontal, and subcallosal cingulate cortices, in addition
again to the same left subcortical nuclei (Table 2 and

Table 2 Localization of Changes in Brain Activity after 8-week Antidepressant Treatment and During the Go/NoGo Task Correlated with
Peripheral miR-1202 levels.

Cluster size Peak voxel (MNI) BA Side Region

Z x y Z

Correlation with T0 miR-1202

116 − 4.6 40 − 60 − 8 19/37 R Fusiform gyrus, middle occipital gyrus, middle temporal gyrus

58 − 6.0 − 30 − 20 2 — L Lentiform nucleus, putamen, claustrum

52 − 6.8 10 6 38 24/32 R Cingulate gyrus

50 − 7.8 68 − 46 28 40/22 R Supramarginal gyrus, superior temporal gyrus

41 − 8.2 2 20 48 8/6/32 R/L Middle and superior frontal gyrus, cingulate gyrus

37 − 8.7 36 34 34 9 R Superior and middle frontal gyrus

36 8.8 − 4 − 40 74 4/5/6 L Paracentral lobule, post-central gyrus

Correlation with T8/T0 miR-1202

67 4.5 36 6 − 10 47/38/13 R Inferior frontal gyrus (orbitofrontal), superior temporal gyrus, insula

67 6.1 − 28 − 18 0 — L Lentiform nucleus, putamen, claustrum

51 7.1 − 36 4 − 8 13/38/22 L Insula, superior temporal gyrus

47 − 7.4 − 48 − 16 − 18 20/21 L Middle and inferior temporal gyrus

47 − 8.0 12 4 − 18 25 R Subcallosal gyrus, middle frontal gyrus, rectal gyrus

44 8.1 − 44 12 4 13/47/38 L Insula, inferior frontal gyrus, superior temporal gyrus

38 − 9.4 − 48 − 32 − 12 20 L Middle temporal gyrus

37 9.1 46 2 8 44/13/22 R Precentral gyrus, insula, superior temporal gyrus

37 9.5 54 − 74 16 39/19 R Middle temporal gyrus, middle occipital gyrus

Abbreviations: BA, Brodmann area; L, left; MNI, Montreal Neurological Institute coordinates; R, right; T0, levels at baseline; T8, levels after 8 week antidepressant treatment.

Figure 2 Brain regions associated with miR-1202 levels during the Go/NoGo task over the 8-week antidepressant treatment. Top: Significant correlations
between baseline miR-1202 levels (T0) and changes in NoGo vs Go contrast; below: significant correlations between changes in miR-1202 levels (T8/T0 ratio)
and changes in NoGo vs. Go contrast.
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Figure 2). Both positive and negative correlations were
observed. Of note, regional overlap between T0 and T8/T0
correlational analyses was very limited at the exception of the
left subcortical nuclei.

Secondary Analyses: Correlation between miR-1202 and
Glutamate

In order to investigate the mechanisms underlying miR-1202
effects, we took the opportunity of available spectroscopy
data collected at T0 in five of our participants. Data were
acquired in the right dorsomedial prefrontal cortex roughly
corresponding to region BA6 (Jollant et al, 2016). We found
a trend for a significant positive correlation between baseline
miR-1202 and glutamate levels measured during the same
session at rest (r= 0.86; p= 0.06) but not GABA, inositol, or
NAA (all p40.1). Of note, these five patients had low
miR-1202 levels, a factor predictive of antidepressant
response (Lopez et al, 2014).

DISCUSSION

Baseline levels of miR-1202 have previously been shown to
be predictive of antidepressant response and to increase
during response to antidepressant treatment. The present
study showed that peripheral miR-1202 levels are also
associated with significant changes in both task-based and
resting-state activity following 8 weeks of antidepressant
treatment. These findings suggest that variation in peripheral
miR-1202 levels may reflect biochemical changes occurring
at the central level, and miR-1202 may be involved in the
modulation of central circuitry functioning. Our results
therefore add to the previous investigations of this miRNA
and represent an advance in the attempt to link different
biological levels of understanding of the antidepressant
response.
Brain regions associated with miR-1202 level changes

include ventral and dorsal prefrontal cortex, insula, temporal
cortex, posterior cingulate, parietal (notably precuneus), and
occipital cortices, and subcortical nuclei notably the putamen
and claustrum. These regions have previously associated
with antidepressant response (Delaveau et al, 2011).
Research in depressed patients has shown structural and
functional alterations in corticolimbic regions, associated
with emotional and cognitive disturbances (Seminowicz et al,
2004; Fitzgerald et al, 2008; Dutta et al, 2014; Phillips et al,
2015), and functional connectivity alterations between the
prefrontal cortex, anterior and posterior cingulate cortices,
and parietal cortex, among others (Mulders et al, 2015).
Conversely, antidepressant drugs tend to restore a normal
brain activity while improving depressive symptoms (Fu
et al, 2004; Fitzgerald et al, 2008; Delaveau et al, 2011). Our
findings suggest that miR-1202 may be implicated in the
regulation of the activity and connectivity of several of these
regions and networks, and consequently contribute to the
clinical response.
To our knowledge, very few studies have to date

investigated the link between miRNAs and brain activity
in vivo, and none in depression. One study previously found
a significant association between levels of miR-29c and
functional brain connectivity with the ventromedial

prefrontal cortex during a social stress task in healthy males
(Vaisvaser et al, 2016). Another study showed that rats
overexpressing miR-30e, an miRNA associated with cogni-
tive impairment, present aberrant regional resting-state
synchronization in the hippocampus and striatum (Xu
et al, 2016). These results and ours therefore suggest a
significant association between miRNA variation and brain
functioning at the circuit level in vivo.
Much remains to be done to understand the mechanisms

linking miR-1202 and brain activity. However, preliminary
hypotheses can be put forward. MiR-1202 negatively
regulates the expression of GRM4 (Lopez et al, 2014), a
metabotropic glutamatergic receptor whose expression is
increased during depression (Lopez et al, 2014; Gray et al,
2015) and decreased during an antidepressant treatment
(Cruceanu et al, 2016). MiR-1202 may therefore modulate
the activity of the glutamatergic system. In the present study,
we report preliminary evidence for an association between
glutamate levels in the dorsomedial prefrontal cortex and
peripheral miR-1202 levels in vivo. Interestingly, recent
reports combining spectroscopy and resting-state analyses
showed that prefrontal glutamate levels in depressed women
were positively correlated with spontaneous fluctuations
during resting state (Zhang et al, 2016). Moreover, glutamate
levels were correlated with the activity of brain regions
outside of the location where glutamate was measured
(Duncan et al, 2013), suggesting a significant role in long-
distance functional connectivity. Prefrontal glutamate was
also found to modulate the relationship between striatal
dopamine and response inhibition (Lorenz et al, 2015).
Overall, one hypothesis may be that variations in central
miR-1202 levels may modulate the glutamatergic system,
which in turn may modulate resting-state activity and
response inhibition, through the modulation of long-
distance functional connectivity.
This pilot study presents several limitations that have to be

underlined. First, the sample is relatively small, increasing
the risk of both type-I and II errors. Results will therefore
have to be replicated in independent and larger samples. This
small sample size notably prevented us from running
analyses in subgroups of patients, for example, according
to clinical response, age, or gender. Second, the lack of a
placebo group prevents us from discriminating the specific
effect of antidepressants from the global effect of care. While
this was not an issue here, it may be interesting in future
studies to distinguish these specific contributions. Third, we
only focused on one miRNA. Interaction between several
miRNA may be in play to modulate the antidepressant effect.
Similarly, while we examined two different functional
imaging sequences, it is very plausible that different miRNA
regulate different regions and connections, and ultimately
different cognitive and emotional processes. Fourth, anti-
depressants with different actions may modulate different
miRNA and brain networks. Fifth, analyses were correla-
tional, limiting the interpretation of causal chains. Sixth,
while patients had withdrawn from medication at least
7 days before and a quarter of them had never received any
medication in their life, it cannot be excluded that past
pharmacological treatments had long-term effects in several
participants. As patients were severely depressed, it was
difficult to maintain a longer washout period. Finally, results
of the association between miR-1202 and metabolites
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measured by spectroscopy were conducted in a very small
subsample, and while results are in line with previous
findings linking the same miRNA and the glutamatergic
system as discussed above, they should be interpreted with
extreme caution.
In conclusion, our study showed that peripheral miR-1202

levels, an miRNA associated with response to antidepressant
treatment, are correlated with changes in brain activity and
connectivity occurring during an 8-week antidepressant
treatment. These changes affected a large network of regions
mainly encompassing the prefrontal, temporal, and parietal
cortices. It is hypothesized that MiR-1202 levels modulate the
antidepressant response through its modulation of brain
circuitry functioning, possibly via the glutamatergic system.
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