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Background: MicroRNAs (miRs) have been suggested to be biomarkers to inform the
diagnosis of major depressive disorder (MDD). We have previously shown that exosomederived miR-139-5p had potential in differentiating between patients with MDD and healthy
control (HC) subjects.
Materials and Methods: To validate the potential of exosome-derived miR-139-5p as
a biomarker for MDD, here we recruited 30 patients with MDD and 30 HC subjects, and
used TaqMan probes to detect serum exosomal miR-139-5p levels.
Results: The data showed that patients with MDD had significantly increased exosomal
miR-139-5p levels when compared with controls. Correlation analysis suggested that sex,
age, and body mass index did not significantly affect blood exosomal miR-139-5p levels in
the tested subjects. The ROC curve showed that serum-derived miR-139-5p had reasonable
performance in discriminating patients with MDD and HC subjects, with a sensitivity of
0.867 and specificity of 0.767, and the AUC was 0.807.
Discussion: Taken together, these results demonstrated that patients with MDD were
accompanied by significantly increased blood exosomal miR-139-5p levels, and exosomal
miR-139-5p is a promising biomarker for the diagnosis of MDD.
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Major depressive disorder (MDD) is one of the most common psychiatric disorders
which leads to a significant increase in morbidity and mortality.13 Currently, the
diagnosis of MDD solely relies on subjective evaluations made by clinicians, and
approximately half of the patients failed to respond to the first-line anti-depressants.7,20
The recent approval of ketamine by the FDA as a treatment for MDD is exciting in the
field, given that this drug works faster and better than traditional anti-depressants.22
However, the effect of ketamine on patients with MDD wears off quickly,16 and the
therapy was reported to have serious side-effects.17 In this context, there is a clear need
to better understand the cellular and molecular pathways underlying the pathophysiol
ogy of MDD, which is important for novel and effective drug designs for treatment of
the disease. Additionally, early and accurate detection has been suggested to result in
better outcome for treatment of MDD.19
A number of biomarker candidates have been proposed as the targets for the diagnosis
and treatment of MDD, and these include inflammatory cytokines,3 brain-derived
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neurotrophic factors,15 and oxidative stress markers.4
However, the usefulness of these potential biomarkers is
uncertain due to the inconsistent results and/or paucity of
replicated studies. Recently, microRNAs (miRNAs) are gain
ing increasing attention in the field of neuropsychiatric dis
eases, given the important regulatory roles of miRNAs in cell
growth, neural differentiation, and synaptic plasticity.19
Additionally, miRNAs are suitable for biomarkers because
they are abundant in various body fluids (such as blood, saliva,
and urine),5 and these body fluids can be collected easily and
non-invasively. In fact, a number of studies have shown blood
miRNA aberrations in patients with MMD when compared
with healthy control (HC) subjects, and several blood
miRNAs have been proposed as potential biomarkers for the
diagnosis of MDD.22 More recently, we used a genome-wide
analysis of miRNA expression in serum exosomes of patients
with MDD in comparison with HC subjects, and revealed a set
of miRNAs were differentially expressed in patients with
MDD. Furthermore, the top differentially expressed serum
exosomal miRNA in patients with MDD was miR-139-5p,
and this miRNA had a reasonable performance in discriminat
ing between patients with MDD and controls, suggesting
a potential of miR-139-5p as a biomarker to inform the diag
nosis of MDD.21
In this study, we aimed to validate the potential of
exosome-derived miR-139-5p as a biomarker for MDD.
We recruited 30 patients with MDD and 30 HC subjects,
and we used Taqman probes to analyze serum exosomal
miR-139-5p levels. We further used a receiver operating
characteristic (ROC) curve to evaluate the accuracy of
exosome-derived miR-139-5p in differentiating between
patients with MDD and HC subjects.

Materials and Methods
Subjects
Thirty patients with MDD and 30 HC subjects were
recruited from the Third People’s Hospital of Foshan,
Foshan, China. The diagnoses of patients with MDD
were made by trained psychiatrists according to the
International Classification of Diseases 10 and the
Structured Clinical Interview for DSM-5. We further
used the Montgomery-Asberg Depression Rating Scale
and Hamilton Depression Rating Scale to evaluate the
disease severity of patients with MDD. It should be
noted that the patients and controls were completely dif
ferent groups, as in our previously published paper.21
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We obtained written informed consent from all patients
and controls before they were included in this study. The
study protocol was approved by the Ethics Committee at
The Third People’s Hospital of Foshan, Foshan, China,
and the experiments were conducted following the
declaration of Helsinki.

RNA Extraction and qRT-PCR
Serum exosomes were isolated and validated as described
previously.2 We extracted exosomal RNA by Trizol
reagent (ThermoFisher, Waltham, MA, US), and the
values of OD260/280 were between 1.8 to 2.0 for the
extracted RNAs. Then the TaqManTM MicroRNA
Reverse Transcription kit was used to convert RNA to
cDNA according to the protocol from the manufacturer
(ThermoFisher). Exosomal miR-139-5p levels were quan
tified using Taqman® MicroRNA Assay (including primers
and probes, ThermoFisher), and miR-16 was used as an
internal control.14 We used a LightCycler® 96 Real-Time
PCR Detection System (Roche, Basel, Switzerland) to
perform all PCR reactions.

Statistical Analysis
Data were presented as mean±standard error of mean.
Serum exosomal miR-139-5p level difference between
cases and controls was compared using Mann–Whitney
U-test. Pearson’s correlation analysis was used to determine
whether age and BMI affected miR-139-5p levels.
Additionally, Crosstabs analysis (two-way chi-square test)
was performed to assess the influence of sex on the miR139-5p levels. We utilized a ROC curve to assess the accu
racy of serum exosomal miR-139-5p in differentiating
between patients with MDD and controls, and the accuracy
of the test was calculated by area under the curve (AUC).
P<0.05 was considered statistically significant in this study.

Results
We recruited 30 patients with MDD and 30 HC subjects in
this study, and the demographic and clinical characteristics
of the MDD patients and HC subjects are presented in
Supplementary Table 1.
After exosome isolation from the included subjects, we
used qRT-PCR to analyze the exosomal miR-139-5p levels.
The results demonstrated that serum exosomal miR-139-5p
levels were significantly increased in patients with MDD
when compared with HC subjects (Figure 1A). Given the
significant difference between cases and controls for serum
exosomal miR-139-5p levels, we next explored whether
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Figure 1 Serum exosomal miR-139-5p as a biomarker for major depressive disorder. (A) Serum exosomal miR-139-5p levels in patients with major depressive disorder and
control subjects. (B) A ROC curve was utilized to evaluate the accuracy of serum exosome-derived miR-139-5p in differentiating between patients with MDD and controls.
*** P<0.001.

miR-139-5p could be used as a biomarker for MDD. The
ROC curve showed that serum exosomal miR-139-5p levels
had reasonable performance in discriminating between
patients with MDD and controls, with a sensitivity of
0.867 and specificity of 0.767, and the AUC was 0.807
(Figure 1B). These results suggested that patients with
MDD were accompanied by increased blood exosomal
miR-139-5p levels, and serum exosome-derived miR-1395p is a candidate biomarker for MDD.
We next analyzed whether sex, age, and BMI were
confounding factors for blood exosomal miR-139-5p levels
in the tested subjects. The Pearson’s correlation analysis
showed that age (Figure 2A) and BMI (Figure 2B) did not
significantly associate with serum exosomal miR-139-5p
levels. We also used Crosstabs analysis to evaluate whether
sex influenced serum exosomal miR-139-5p levels. The

A

results suggested that sex did not significantly affect exoso
mal miR-139-5p levels in the case group (P=0.538) and
control group (P=0.441). These results suggested that sex,
age, and BMI were unlikely to affect the accuracy of exo
somal miR-139-5p as a biomarker for MDD.

Discussion
In this study, we used Taqman probes to analyze the miR139-5p levels in serum exosome of patients with MDD, and
showed patients with MDD had significantly increased
serum exosomal miR-139-5p levels when compared with
HC subjects, and this is consistent with our previous
study.21 The previous study also demonstrated that mice
under chronic unpredictable mild stress (CUMS) had signifi
cantly increased brain and peripheral blood exosomal miR139-5p levels. Further investigations revealed that inhibition

B

Figure 2 Correlation between serum exosomal miR-139-5p level and age (A, r=0.0448, P=0.7336) or body mass index (B, r=0.0578, P=0.661) as determined by Pearson’
correlation test.
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of miR-139-5p expression in CUMS mice alleviated their
depressive-like behaviors, and the impaired hippocampal
neurogenesis in the CUMS mice was restored by miR-1395p antagomir treatment. Moreover, the in vitro data indicated
that miR-139-5p was a negative regulator for neural stem cell
proliferation and neuronal differentiation.21 Therefore, the
above data suggested that exosomal miR-139-5p mediated
depressive-like behaviors in CUMS mice with involvement
of hippocampal neurogenesis. In supportive of a critical role
of exosomes in stress-induced depression, a very recent study
by Li et al6 found exosomes from natural killer cells alle
viated depressive-like behaviors in mice under chronic mild
stress. Their findings further suggested that the antidepres
sant-like effects of exosomes from natural killer cells in
stressed mice were mediated by exosomal miR-207, which
targeted Tril to inhibit NF-κB signaling in astrocytes. Taken
together, these results revealed that exosome-derived
miRNAs were dysregulated in patients with MDD, and
these miRNAs have a potential to be served as novel targets
for treatment of MDD.
In addition to our efforts of searching MDD biomarkers
from blood exosomes, a number of studies have analyzed
circulating (serum, plasma, or blood) miRNA levels in
patients with MDD and control subjects, in hope of a better
understanding of the etiology of MDD and finding biomar
kers to inform the diagnosis and/or treatment response for
MDD. It has been reported that miR-132 expression was upregulated in the blood of patients with MDD, and serum
BDNF levels were negatively correlated with the miR-132/
miR-182 levels in depressed patients.9 Another study showed
that serum miR-30e, miR-132, miR-185, and miR-212 levels
were significantly increased in patients with MDD when
compared with controls,10 and antidepressant treatment
further increased serum miR-212 levels in patients with
MDD.11 Additionally, clinical data on circulating miRNA
levels in patients with MDD were summarized by
a systematic review article, which included 23 studies and
identified more than a hundred miRNAs that were differen
tially expressed in patients with MDD when compared with
controls.22 However, biomarker implication for MDD from
these results was unclear since few miRNAs were consis
tently dysregulated in patients with MMD across studies, and
there was overall paucity of replicated studies assessing
individual miRNA dysregulations in MDD. Interestingly,
the up-regulation of miR-132 in patients with MDD was
replicated in four studies,1,8,12,18 suggesting the potential of
circulating miR-132 as a biomarker for MDD. Unfortunately,
the accuracy of circulating miR-132 as a biomarker to
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diagnose MDD was not evaluated, making it difficult to
ascertain the potential miR-132 as a biomarker to inform
the diagnosis of MDD. Here, our study showed that miR139-5p from serum exosomes had reasonable performance in
discriminating between MDD patients and controls, with
a sensitivity of 0.867 and specificity of 0.767, and the AUC
was 0.807. Therefore, results from the present study repli
cated the findings of our previous study,21 and validated the
potential of serum exosomal miR-139-5p as a biomarker to
inform the diagnosis of SCZ. Nevertheless, there is increas
ing awareness that combining biomarkers reflective of dif
ferent molecular pathways associated with pathophysiology
of MDD would lead to a correct and better diagnosis.
Therefore, further investigations are necessary to translate
the findings from the previous and present studies into the
benefits of patients with MDD.
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