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Introduction: Major depressive disorder (MDD) patients experience a systemic 
inflammatory stage. Monocytes play an important role in innate inflammatory responses 
and may be modulated by bacterial translocation. Our aim was to investigate the subset 
distribution and function of circulating monocytes, levels of proinflammatory cytokines, 
gut barrier damage, and bacterial translocation in MDD patients.

Methods: Twenty-two MDD patients without concomitant diseases and 14 sex- and 
age-matched healthy controls were studied. The levels of circulating CD14++CD16- 
(classical), CD14++CD16++ (intermediate) and CD14-CD16++ (nonclassical) monocytes 
and the intracytoplasmic tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-6, and 
IL-10 expression in the presence or absence of lipopolysaccharide (LPS) stimulation 
were analyzed by polychromatic flow cytometry. The serum TNF-α, IL-1β, IL-6, and 
IL-10 levels were measured by Luminex. LPS-binding protein (LBP), intestinal fatty acid-
binding protein (I-FABP), and zonulin were measured by enzyme-linked immunosorbent  
assay (ELISA).

Results: MDD patients had a significant increase in the frequency of intermediate 
monocytes and a significant decrease in the frequency of classical monocytes compared 
to those in the healthy controls. MDD patients had a significantly increased percentage 
of classical monocytes that expressed IL-1β, intermediate monocytes that expressed 
IL-1β and IL6 and nonclassical monocytes that expressed IL-1β, and decreased levels of 
nonclassical monocytes that expressed IL6 compared to those in the healthy controls. 
MDD patients had significantly increased levels of circulating TNF-α, IL-1β, LBP, and 
I-FABP compared to those in the healthy controls. MDD patients with high LBP levels had 
a significant reduction in the number of circulating monocytes compared to that in the 
normal-LBP MDD patients, which can be mainly ascribed to a decrease in the number of 
intermediate and nonclassical monocytes.
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InTRODUCTIOn
Major depressive disorder (MDD) is a severe psychiatric disorder 
that is highly prevalent worldwide (1). MDD is currently ranked as 
the fourth-leading cause of disability and premature death in the 
world, and it is expected to become the second-leading contributor 
to overall disease burden by 2030 (2). Despite much progress has 
been made in understanding MDD, the pathogenesis is still largely 
unknown; however, the pathogenesis of MDD may be best described 
as a complex interplay of social, psychological and biological factors 
(3). Depression is associated with a chronic, low-grade inflammatory 
response and the activation of cell-mediated immunity, as well 
as the activation of the compensatory anti-inflammatory reflex 
system. MDD is similarly accompanied by increased oxidative and 
nitrosative stress, which contribute to the neuroprogression of the 
disorder. Among twenty-four studies that excluded any medical 
comorbidities, MDD was still associated with increased interleukin 
(IL)-6 and tumor necrosis factor (TNF)-α. There is strong support for 
the general hypothesis that inflammatory cytokines are significant 
elements in the pathogenesis of MDD (4, 5).

Monocytes mediate essential regulatory and effector 
functions in innate and adaptative immune inflammatory 
responses (6). Circulating monocytes are phenotypically and 
functionally heterogeneous and are divided into three major 
subsets based on the expression of the lipopolysaccharide (LPS) 
receptor CD14 and the FcγRIII low-affinity IgG receptor CD16: 
classical (CD14++CD16-), intermediate (CD14++CD16++), and 
nonclassical (CD14-CD16++) (7, 8). Activated monocytes show 
relevant immunomodulatory activities, including the secretion 
of pivotal cytokines, such as the proinflammatory cytokines 
IL-6, IL-1β, and tumor necrosis factor-alpha (TNF-α) and the 
anti-inflammatory cytokine IL-10 (9). Monocytes have been 
demonstrated to be involved in the pathogenesis of several 
organ-specific and systemic inflammatory diseases (10).

Different mechanisms may be involved in the regulation of the 
activation and survival of monocytes. It has been recently shown 
that damage to the intestinal barrier in MDD patients increases 
gut permeability and favors bacterial translocation (11). The 
passage of bacterial products such as LPS promotes a systemic 
inflammatory imbalance, including monocyte compromise (12). 
The hepatic synthesis of LPS-binding protein is induced by LPS, 
and in several clinical settings, plasma LBP reflects long-term 
exposure to bacteria and their endotoxins (13, 14).

Our work focused on the study of circulating monocytes and 
the level of bacterial translocation and gut barrier damage in MDD 
patients. To avoid confounding factors, we focused our study on 
a homogeneous population of 22 MDD patients without clinical 
infections or concomitant diseases that could have potential 
interactions with the immune system. In parallel, we studied 
14 age- and sex-matched healthy controls (HCs). We analyzed 
the pattern of the distribution of the classical, intermediate and 
nonclassical circulating monocyte subsets. We also investigated 
the intracytoplasmic production of TNF-α, IL-1β, IL-6, and IL-10 
after LPS stimulation and the serum levels of these cytokines. We 
measured the serum levels of LBP, I-FABP, and zonulin to study 
bacterial translocation and gut barrier integrity.

MATERIAls AnD METhODs

study Protocol
In this study, we included 22 patients with MDD from the 
Department of Psychiatry of the Clinica Universidad de Navarra 
and from the Hospital Universitario Príncipe de Asturias. The 
inclusion criteria included the following: (a) psychiatrist-
confirmed diagnosis of MDD, single or recurrent, according 
to the Diagnostic and Statistical Manual of Mental Disorders 
criteria, Fifth Edition (DSM-V) (15) (16); (b) a minimum 
score of 14 points on the 17-item Hamilton Rating Scale for 
Depression (HRSD); and (c) age, 18–65 years. Potential subjects 
were excluded for the following reasons: 1) acute infection in 
the last three months; 2) chronic bacterial or viral infection; 
3) the use of steroids or immunomodulatory drugs in the last 
three months; 4) an autoimmune disease; 5) a cardiovascular 
disease, including hypertension and ischemic heart disease; 
6) a hematopoietic, lung, hepatic or renal disorder; 7) an 
endocrine or metabolic disease, including diabetes mellitus 
and hypercholesterolemia, or a body-mass index (BMI) higher 
than 30; 8) a history of malignancy; 9) immunodeficiency and 
malnutrition; 10) pregnancy or lactation; and 11) concomitant 
psychiatric illness, as assessed with the MINI International 
Neuropsychiatric Interview (17). The patients were studied in 
parallel with 14 sex-, age-, and BMI-matched HCs from the 
same epidemiological area.

This study was approved by the ethics committee of the 
University of Navarra and the Hospital Universitario Príncipe 

Conclusions: We have demonstrated that compared to the healthy controls, MDD 
patients show a marked alteration in circulating monocytes, with an expansion of the 
intermediate subset with increased frequency of IL-1β and IL-6 producing cells. These 
patients also exhibited a systemic proinflammatory state, which was characterized by 
the enhanced serum TNF-α and IL-1β levels compared to those in the healthy controls. 
Furthermore, MDD patients showed increased LBP and I-FABP levels compared to those 
in healthy controls, indicating increased bacterial translocation and gut barrier damage.

Keywords: monocyte, cytokines, bacterial translocation, gut barrier damage, systemic inflammation, major 
depressive disorder
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de Asturias. After the study procedures had been fully 
explained, the subjects provided written informed consent 
before study enrollment.

Blood samples were drawn from all subjects via standard 
venipuncture using an established aseptic technique. Samples 
were obtained from the MDD patients at the time of the 
clinical evaluation at the outpatient clinic. Serum samples were 
also included for analysis. After collection, the samples were 
centrifuged, and the serum was isolated, aliquoted, and stored 
at -80°C until analysis.

Isolation of Peripheral Blood Mononuclear 
Cells
Peripheral blood mononuclear cells (PBMCs) were separated with 
Ficoll-Hypaque (LymphoprepTM, Axis-Shield, Oslo, Norway) 
gradient centrifugation. The cells were then resuspended in 
RPMI 1640 (BioWhittaker Products, Verviers, Belgium) 
supplemented with 10% heat-inactivated fetal calf serum, 25 mM 
HEPES (BioWhittaker Products) and 1% penicillin-streptomycin 
(BioWhittaker Products). Cell counting was performed with 
conventional light microscopy using a Neubauer chamber 
following the criteria for trypan blue dead-cell exclusion. The 
viability of fresh PBMCs was evaluated by both trypan blue 
(light microscopy) and 7-aminoactinomycin D (7-AAD) (flow 
cytometry) exclusion.

Immunophenotype studies and 
Intracellular Cytokines
The proportions of monocyte subsets were determined in 
fresh PBMCs by seven-color polychromatic flow cytometry 
in a FACSAria II cytometer using FACSDiva software (Becton 
Dickinson, NJ, USA). To analyze the production of cytokines 
by PBMCs, 1 million of fresh PBMCs were cultured in ultralow 
attachment plates (Corning Incorporated, ME, USA) (1 ml of 
cells at 106 cells/ml) and incubated for 4 h at 37°C with 5% CO2. 
PBMC stimulation was performed by adding LPS (10 µg/ml,  
Sigma-Aldrich Chemistry, Spain) and monensin (50 µg/ml, 
Sigma). Next, the cells were labeled with CD14-PerCP and 
CD16-Alexa647 (Becton Dickinson) MoAbs and the vital dye 
Aqua-QD565. For intracytoplasmic staining, the cells were fixed 
and permeabilized (Fix and Perm, Caltag Laboratories), and 
cytokines were stained with IL-1β-FITC, IL-10-PE, IL-6-V505 
and TNF-α-Alexa700 (Becton Dickinson) MoAbs.

Quantification of serum Cytokines Using 
luminex
To study the concentrations of IL-6, IL-1β, TNF-α, and IL-10 
cytokines in the serum, the Milliplex MAP Kit (MERCK, Darmstadt, 
Germany) was employed using the protocol recommended 
by MERCK. The plate was read in a Luminex MAGPIX with 
xPONENT software. The concentration of each cytokine was 
calculated from the standard curve using mean fluorescence 
intensity (MFI) analysis with Analyst software (MERCK).

study of The Intestinal Barrier Integrity 
and Bacterial Translocation
To study intestinal barrier damage, an analysis of FABP and 
zonulin concentrations in the serum was performed by enzyme-
linked immunosorbent assay (ELISA). I-FABP was purchased 
from Hycult Biotech (Hycult Biotech, PA, USA), and zonulin was 
purchased from R&D Systems (R&D Systems, MN, USA). The 
tests were carried out according to the protocols provided in the 
kits. The plate was read in an iMark Microplate Reader at 450 nm 
with Microplate Manager Software (Thermo Fisher Scientific, 
MA, USA).

To study bacterial translocation, the concentration of LBP in 
the serum was measured by ELISA (Abnova, Taipei, Taiwan). We 
performed 1:800 dilutions of the samples from the MDD patients 
and HCs. The test was carried out according to the protocol 
provided in the kit. The plate was read in an iMark Microplate 
Reader at 450 nm with Microplate Manager Software (Thermo 
Fisher Scientific).

statistical Analysis
Comparisons between patients and HCs were performed using 
a nonparametric Mann–Whitney U test. Associations between 
variables were assessed with Spearman’s rank correlation 
coefficient by simple linear regression analyses. All calculations 
were performed using the Statistical Package for the Social 
Sciences (SPSS, version 22.0, Chicago, IL). Significance was set 
at p < 0.05.

The absolute number of circulating monocyte subsets was 
calculated by the percentage of each subpopulation in PBMCs 
determined by flow cytometry multiplied by the total number 
of monocytes per microliter measured by Beckman Coulter, Inc 
(Brea, CA, USA).

REsUlTs

Demographic Profile of Participants
Table 1 shows the demographic data and clinical characteristics 
of the 22 MDD patients and 14 HCs included in the study. No 
significant differences were found between MDD patients and 
HCs with respect to the variables that were studied, except for 
employment status. The patient group included 13 females and 
9 males, ranging from 18 to 56 years of age. The duration of 
their depressive episode before entering the study was 17.16  ± 
4.60 weeks. Thirteen patients (59.1%) had suffered at least one 
previous MDD episode. The mean value of the HRSD was 
16.54 ± 1.71.

All patients received pharmacological treatment at their 
doctor’s discretion: 2 (9.09%) were medication-free, 19 (86.36%) 
received antidepressant medications, 17 (77.27%) received 
anxiolytics or hypnotics, 5 (22.72%) received mood stabilizers, and 
6 (27.27%) received atypical antipsychotics. Nineteen (86.36%) 
received combination pharmacotherapy, consisting of at least 2 
different types of medication in 10 patients (45.45%) and of at least 
3 different types of medication in the other 9 patients (40.90%). 
None of the patients received electroconvulsive therapy (ECT).
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MDD Patients show an Expansion of The 
CD14++CD16++ Intermediate Monocyte 
subset
We studied the number of circulating monocytes and their 
subset distribution in patients with MDD and in sex- and age-
matched HCs. (Figure 1). There were no statistically significant 
differences in the number of total circulating monocytes between 
the MDD patients and HCs. But a significant increase in the 
number of intermediate monocytes was found in MDD patients 
with respect to HCs. However, MDD patients showed a marked 
redistribution of the subsets of the monocyte compartment, with 
a significant increase in the frequency of intermediate monocytes 
and a significant decrease in the frequency of classical monocytes 

compared to those found in the HCs. There were no significant 
differences in the frequency of the nonclassical subset between 
the MDD patients and HCs.

MDD Patients Exhibit Differential 
Abnormal Cytokine Production in The 
Monocyte subsets
We studied the intracellular expression of TNF-α, IL-1β, IL-6, 
and IL-10 in the total monocyte population and in the classical, 
intermediate and nonclassical monocyte subsets from MDD 
patients and HCs after LPS stimulation. Figure 2 shows the flow 
cytometry gating strategy and histograms of the intracellular 
IL-1β, TNF-α, IL-6, and IL-10 expression by total circulating 
monocytes and classic, intermediate and nonclassic subsets in 
a representative case of MDD. We found that the percentage of 
the total monocyte population that expressed IL-1β in MDD 
patients was significantly higher than that in healthy controls 
(Figure 3) Compared to the healthy controls, MDD patients also 
had a significantly increased percentages of classical monocytes 
that expressed IL-1β, intermediate monocytes that expressed 
IL-1β and IL-6, nonclassical monocytes that expressed IL-1β and 
decreased percentages of intermediate monocytes that express 
IL-10 and nonclassical monocytes that expressed IL-6.

Next, in both groups of subjects, we calculated the potential 
number of circulating monocytes that could express TNF-α, 
IL-1β, IL-6, and IL-10 by multiplying the number of the different 
monocyte subsets by the percentage of cells that express the 
analyzed cytokines after LPS stimulation in the defined monocyte 
subsets in both groups of subjects (Figure 4). We observed that 
the number of circulating intermediate monocytes that could 
express TNF-α, IL-1β, IL-6, and IL-10 was significantly increased 
in the MDD patients compared to those found in the HCs.

We studied the MFI of the intracellular expression of TNF-α, 
IL-1β, IL-6 and IL-10 in the total monocyte population and in 

TABlE 1 | Baseline characteristics.

MDD hC p value

socio-demographic
Age, mean (SD) 40,3 (8.9) 40,8 (10,5) 0.44
Sex (% female) 59.1 57,1 0.91
Currently employed and active n (%) 12 (54.5) 13 (92.9) <0.05
College degree n (%) 9 (40.9) 7 (50.0) 0.63
Past history
Family history of depression n (%) 10 (45.6) 7 (50.0) 0.79
Family history of other psychiatric 
disorder n (%)

8 (36.4) 5 (35.7) 0.97

health characteristics
BMI, mean (SD) 26.45 (4.04) 25.26 (3.87) 0.81
Smoking n (%)
-Never 14 (63.6) 8 (57.1)
-Occasionally 3 (13.6) 3 (21.4)
-Everyday 5 (22.7) 3 (21.4)
Drinking n (%)
-Never 7 (31.8) 3 (21.4)
-Occasionally 12 (54.5) 10 (71.4)
-Everyday 3 (13.6) 1 (7.1)

FIgURE 1 | Absolute number and frequency of total circulating monocytes and of the classical, intermediate and nonclassical monocyte subsets in MDD patients 
and healthy controls. Absolute number (cells/μl) (y axis) of circulating monocytes and of the classical, intermediate and nonclassical subsets in MDD patients (gray 
box plots) and healthy controls (white box plots) are shown in panel (A). Frequency of the three different monocyte subsets in the circulating monocytes in MDD 
patients (gray box plots) and controls (white box plots) are shown in panel (B). The top of the rectangle indicates the third quartile, the horizontal line near the middle 
of the rectangle indicates the median, and the bottom of the rectangle indicates the first quartile. A vertical line extends from the top of the rectangle to indicate the 
maximum value, and another vertical line extends from the bottom of the rectangle to indicate the minimum value. *Significant difference between MDD and healthy 
controls for the indicated variable.
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the classical, intermediate and nonclassical monocyte subsets 
from MDD patients and HCs after LPS stimulation (Figure 5). 
We found that the MFI of TNF-α and IL-6 expression on 
intermediate monocytes were significantly higher in the MDD 
patients than in HCs.

We also measured the circulating levels of the proinflammatory 
cytokines TNF-α, IL-1β, and IL-6 and the anti-inflammatory 
cytokine IL-10 in MDD patients and HCs (Figure 6). MDD 
patients had significantly increased levels of circulating TNF-α 
and IL-1β compared to those found in HCs. We detected IL-1β, 
IL6, and TNF-α in the 100% and IL10 in the 91% of the serum 

from patients. In serum form HCs, we detected IL-1β, and 
TNF-α in the 100% of the samples and Il6 and IL10 in the 91% 
of the serums. There were no significant correlations between the 
serum levels and the percentages of monocytes that expressed 
the analyzed cytokines (data not shown).

MDD Patients show Increased levels of 
Circulating lBP
We investigated the serum concentrations of LBP, I-FABP, 
and zonulin and in MDD patients and HCs (Figure 6). MDD 

FIgURE 2 | Dot plots represent the flow cytometry gating strategy and histograms of the intracellular IL-1β, TNF-α, IL-6 and IL-10 expression by total circulating 
monocytes and classical, intermediate and nonclassical subsets in a representative case of MDD. The first row dot plots represent the selected gates and 
percentages to obtain the total monocytes (panel A) and classical, intermediate and nonclassical monocyte subsets (panel B, C and D, respectively) in the presence 
or absence of LPS (5 ug/ml) stimulation for 4 hours (panel 1 and 2). Panel A, B, C and D. Histograms represent the percentages of TNF-α, IL-1β, IL-6 and IL-10-
producing monocyte in the indicated monocytes subsets.
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patients showed significantly increased levels of LBP and I-FABP 
compared to those found in HCs. We detected LBP, I-FABP, and 
zonulin in the 100% of the serum from patients. In serum form 
HCs, we found zonulin in the 100% and I-FABP in the 94% of 
the samples. However, we only found LBP in the 50% of serums 
from HCs.

We found that 7 (high-LBP MDD) out of the 22 MDD 
patients had LBP levels higher than the 95th percentile of 
those found in HCs. High-LBP MDD patients had significantly 
increased serum zonulin concentrations compared to those with 
normal LBP levels (Figure 7). In addition, we found a significant 
different monocyte subset distributions in both groups of MDD 
patients, with a significant increase in the percentage of classical 
monocytes and a decrease in the intermediate monocytes in high-
LBP MDD patients compared to those in normal-LBP MDD 
patients. However, we did not observe significant differences in 
the expression of TNF-α, IL-1β, IL-6, and IL-10 in the classical, 
intermediate and nonclassical monocyte subsets between both 
groups of MDD patients.

DIsCUssIOn
In this paper, we have demonstrated that compared to healthy 
controls, MDD patients show a marked disturbance of 
circulating monocytes, with the expansion of the intermediate 
subset with increased frequency of IL-1β and IL-6 producing 
cells. Concurrently, classical monocytes are decreased but 
have augmented frequency of IL-1β producing cells compared 
to those in the healthy controls. These patients also show a 
systemic proinflammatory state, characterized by enhanced 
serum TNF-α and IL-1β levels compared to those in the healthy 
controls. Furthermore, augmented circulating levels of LBP and 
I-FABP are found in MDD patients compared to those in healthy 
controls, indicating that these patients experience increased 
bacterial translocation and gut barrier damage.

The cause of MDD remains only partially defined. It is known 
that depression is coupled with the dysregulation of the immune-
inflammatory system (18–20). The relevance of the innate 
immune system in the pathogenesis of MDD has been proposed 

FIgURE 3 | Frequency of TNF-α, IL-1β, IL-6 and IL-10 expression by circulating monocytes and classical, intermediate and nonclassical monocytes in MDD patients 
and healthy controls after stimulation with LPS stimulation. Frequencies of cells (y axis) in MDD patients (gray box plots) and healthy controls (white box plots) that 
express the indicated cytokine (x axis) after in vitro LPS (5 ug/ml) stimulation for 4 hours in total (panel A), classical (panel B), intermediate (panel C) and nonclassical 
(panel D) monocytes. The top of the rectangle indicates the third quartile, the horizontal line near the middle of the rectangle indicates the median, and the bottom 
of the rectangle indicates the first quartile. A vertical line extends from the top of the the maximum value, and another vertical line extends from the bottom of the 
rectangle to indicate the minimum value. *Significant difference between MDD and healthy controls for the indicated variable.
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(21–23). Monocytes are a cornerstone of the immune system 
that link innate and adaptive immunity and play critical roles 
in the response to bacterial infections and in the induction and 
regulation of the inflammatory response (6, 24). Our findings 
show that MDD patients have normal monocyte counts, which is 
consistent with previous reports (25–30). Circulating monocytes 
represent a versatile and dynamic cell population that is 
composed of different functionally heterogeneous subsets (7, 8). 
In MDD patients, our data demonstrate a marked redistribution 
of the circulating monocyte subsets, with an expansion of the 
intermediate monocytes and a decrease in classical monocytes 
compared to those of the healthy controls. These findings 
support the notion of the increased differentiation of classical to 
intermediate monocytes in MDD patients compared to that in 
healthy controls (24). Interestingly, the expansion of intermediate 
monocytes has been observed in various inflammatory diseases 
(31, 32). The prognostic value of the number of intermediate 
monocytes has also been shown for cardiovascular events in 
some chronic diseases (33–35). Furthermore, a reduction in 
classical monocytes has been previously described in chronic 
inflammatory diseases (36). Since the MDD patients included in 

our study did not suffer from inflammatory, cardiovascular or 
metabolic disorders, our findings support the hypothesis that 
the monocyte subset shifts found in MDD patients are not a 
consequence of comorbid somatic disorders.

Conflicting results regarding the classical and nonclassical 
monocyte subset frequencies have been previously described in 
MDD patients (25, 28, 29, 37). The differences in methodology 
and study populations may explain the observed discrepancies 
between earlier and current studies. Using a similar experimental 
methodology, our observations of the expansion and retraction 
of the intermediate monocytes and classical monocytes in MDD 
patients agree with recently published results (37). Furthermore, 
the percentage of nonclassical monocytes is normal in MDD 
patients. These findings give an explanation for the normal 
monocyte subset distribution in MDD patients with the 
simple analysis of two subsets, without the specific study of the 
intermediate and nonclassical monocytes (25, 28, 29). Differences 
in the somatic characteristics of the patients, such as age, BMI, 
the severity of the disease, and epidemiological characteristics, 
such as diet, might also be involved in the differences in the 
previous results.

FIgURE 4 | Circulating monocytes and classical, intermediate and nonclassical monocytes are able to express TNF-α, IL-1β, IL-6 and IL-10 in MDD patients and 
healthy controls. Absolute number (cells/μl) (y axis) of circulating monocytes (panel A) and of the classical (panel B), intermediate (panel C) and nonclassical (panel D) 
monocytes in MDD patients (gray box plots) and healthy controls (white box plots) that are able to express the indicated cytokine (x axis) after in vitro LPS (5 ug/ml) 
stimulation for 4 hours. The top of the rectangle indicates the third quartile, the horizontal line near the middle of the rectangle indicates the median, and the bottom 
of the rectangle indicates the first quartile. A vertical line extends from the top of the rectangle to indicate the maximum value, and another vertical line extends from 
the bottom of the rectangle to indicate the minimum value. *Significant difference between MDD and healthy controls for the indicated variable.
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In MDD patients, we also investigated the proinflammatory 
function of monocytes by analyzing the cellular TNF-α, IL-1β, 
IL-6, and IL-10 expression. Our results show that there is an 
abnormal pattern of proinflammatory cytokine expression by the 
monocyte subsets in MDD patients. The expanded intermediate 
monocytes show increased frequency of IL-1β and IL6 producing 
cells as wells as enhanced production of both cytokines. The 
classical and nonclassical monocytes show increased frequency 
of IL-1β producing cells, supporting a proinflammatory bias of 
these cells in MDD patients. In addition, nonclassical monocytes 
show decreased IL6 and TNF-α compared to those in the 
healthy controls. This functional heterogeneity and the different 
frequency of the three subsets affect the analysis of cytokine 
expression by circulating monocytes. Interestingly, in MDD 
patients, the production of IL1, IL6, and TNF by circulating 
immune cells has been described as being increased, normal 
or decreased compared to those in healthy controls (38–42). 
These conflicting results may be explained by the different 
cellular preparations, experimental models and measurement 
technologies employed, as well as the clinical characteristics of 
the MDD patients and controls who were analyzed. Our results 

clearly establish that the study of monocytes in MDD patients 
requires specific analysis at the subset level and gives some 
insight to aid in the understanding of the discrepancies among 
previous studies. The analysis of the whole monocyte population 
hides the quantitative and functional alterations found in the 
classical, intermediate and nonclassical subsets in MDD patients.

The levels of circulating cytokines and their potential relevance 
as clinical biomarkers have been extensively studied in MDD 
patients. The reported results are heterogeneous, but increases in 
the circulating concentrations of IL1, IL6 and/or TNF have been 
observed in two meta-analyses (43, 44). Consistent with previous 
studies, we found an increase in the inflammatory mediators IL-1β 
and TNF-α in MDD patients compared to those in healthy controls, 
but we observed normal IL-6 and IL-10 levels in MDD patients. 
The sources of the enhanced proinflammatory TNF-α and IL-1β 
levels appear to be complex. Several immune and nonimmune 
cells may produce IL-1β and TNF-α (45–47). It is possible to 
suggest that the increased frequency of IL-1β producing cells and 
the increased expression of this cytokine found in intermediate 
monocyte subset, might contribute to the increased serum levels 
of this cytokine found in MDD. Furthermore, the enhanced 

FIgURE 5 | Mean fluorescence intensity (MFI) TNF-α, IL-1β, IL-6 and IL-10 expression by LPS activated circulating monocytes and classical, intermediate and 
nonclassical monocyte subsets in MDD patients and HCs. MFI of indicated cytokines in total monocytes (panel A), classic (panel B), intermediate (panel C) and 
non-classic monocytes subsets (panel D after in vitro LPS (5 ug/ml) stimulation for 4 hours from MDD patients (grey box plots) and HCs (white box plots). The top 
of the rectangle indicates the third quartile, a horizontal line near the middle of the rectangle indicates the median, and the bottom of the rectangle indicates the first 
quartile. A vertical line extends from the top of the rectangle to indicate the maximum value, and another vertical line extends from the bottom of the rectangle to 
indicate the minimum value. *Significant difference between MDD and healthy controls in the indicated variable.
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frequency of IL-1β producing cells by the classical and normal 
nonclassical subsets may also be involved. However, the normal 
TNF-α expression by the three monocyte subsets excludes these 
cells as being the cellular source of the increased serum levels of 
this cytokine that are found in MDD patients. However, these “ex 
vivo” results obtained after “in vitro” cellular activation may do 
not reflect what is happening “in vivo”. Several mechanisms may 
be involved in the pathogenesis of the proinflammatory monocyte 
abnormalities found in MDD patients. Our strategy of inclusion 
for the MDD patients excludes the potential pathogenic role of 
concomitant inflammatory, metabolic and organic diseases.

It has been shown that bacterial translocation is a cause of 
immune system stimulation and systemic inflammation (48). 
We investigated whether MDD patients suffer from bacterial 
translocation. The hepatic synthesis of LBP is promoted by 

LPS, and LPS-LBP complexes bind to CD14 on the monocyte 
surface. LBP peaks in the plasma 2 to 3 days after transient 
bacteremia or endotoxemia, and the levels remain increased 
up to 72 h later (49). Indeed, in several clinical settings, plasma 
LBP seems to better reflect long-term exposure to bacteria and 
their endotoxins than endotoxin itself (50). Our data show that 
as a group, MDD patients show increased LBP serum levels, in 
agreement with a recent observation and a previous finding of 
an increased plasma concentration of LPS in MDD patients (11, 
51). The clinical setting described here, with increased serum 
LBP levels in MDD patients, differs from that of sepsis and septic 
patients, in which massive, acute LPS exposure promotes very 
high LBP concentrations (52). This finding supports the notion 
of the pathogenic relevance of bacterial translocation in the 
damage of monocytes in MDD patients (53).

FIgURE 6 | Circulating serum levels of TNF-α, IL-1β, IL-6 and IL-10 and LBP, zonulin and IFABP in MDD patients and healthy controls. Serum concentrations (pg/μl) 
(y axis) of TNF-α, IL-1β, IL-6 and IL-10 (panel A), and LBP (ng/ml), zonulin (mg/ml) and I-FABP (pg/ml) (panel B) in MDD patients (gray box plots) and healthy controls 
(white box plots). The top of the rectangle indicates the third quartile, the horizontal line near the middle of the rectangle indicates the median, and the bottom of the 
rectangle indicates the first quartile. A vertical line extends from the top of the rectangle to indicate the maximum value, and another vertical line extends from the 
bottom of the rectangle to indicate the minimum value. *Significant difference between both groups of MDD patients for the indicated variable.

FIgURE 7 | Circulating serum levels of LBP, zonulin and I-FABP and frequency of total circulating monocytes and of the classical, intermediate and nonclassical 
monocyte subsets in high-LBP and normal-LBP MDD patients. Serum concentrations of LBP (ng/ml), zonulin (mg/ml) and I-FABP (pg/ml) (panel A), and frequencies 
of circulating monocytes and of the classical, intermediate and nonclassical subsets (y axis) (panel B) in high-LBP (gray box plots) and normal-LBP (white box plots) 
MDD patients. The top of the rectangle indicates the third quartile, the horizontal line near the middle of the rectangle indicates the median, and the bottom of the 
rectangle indicates the first quartile. A vertical line extends from the top of the rectangle to indicate the maximum value, and another vertical line extends from the 
bottom of the rectangle to indicate the minimum value. *Significant difference between MDD and healthy controls for the indicated variable.
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Several sources may be involved as the origin of this bacterial 
translocation found in MDD patients. However, our inclusion 
criteria exclude the existence of a concomitant or recent (at 
least three months prior to the study) bacterial infection. The 
so-called gut-brain axis, linking the emotional and cognitive 
brain centers with gastrointestinal function, has recently received 
substantial attention in relation to psychiatric disorders (54–56). 
We have investigated gut barrier damage in MDD patients by 
quantifying I-FABP and zonulin, which are validated peripheral 
blood markers of gut function (57, 58). We found increased 
serum I-FABP in MDD patients compared to that in the healthy 
controls. This finding supports the existence of a disturbance 
in the intestinal barrier integrity of MDD patients. It has been 
reported that increased intestinal permeability favors bacterial 
translocation (59); increased intestinal permeability has been 
suggested as a pathophysiological mechanism in metabolic 
disorders (60), rheumatoid disorders (61, 62) and HIV infection 
(63), all of which are conditions with a persistent inflammatory 
component and a heightened risk of depression (64–67). Although 
the cross-sectional design of the current study precludes any 
causal inferences, it is possible to suggest that gut barrier damage 
might play a critical role in the increased bacterial translocation 
found in MDD patients. Although any causal relationships 
have not yet been determined, our data support the notion that 
gastrointestinal alterations may actually cause the low-grade 
systemic inflammation found in MDD patients.

DATA AVAIlABIlITY sTATEMEnT
The datasets generated for this study are available on request to 
the corresponding author.

EThICs sTATEMEnT
The studies involving human participants were reviewed and 
approved by the ethics committee of the University of Navarra 
and the Hospital Universitario Príncipe de Asturias. The 
patients/participants provided their written informed consent to 
participate in this study.

AUThOR COnTRIBUTIOns
MAA-M: drafting the manuscript, enrolled the patients 
and interpretation of data; AG: execution of experiments, 
acquisition of data and analysis of data; AO and EA: enrolled 
the patients; GL: interpretation of data and revision of the 
manuscript for important intellectual content; MS and DD: 
execution of experiments; AA: revision of the manuscript for 
important intellectual content; JM: main supervisor of all the 
experiments and conducted the statistical analysis; MA-M: 
conception and design, obtaining funding and contributed as 
main supervisor of all the cited stages. All of the authors have 
given final approval.

FUnDIng
This work was partially supported by grants from the Fondo de 
Investigación de la Seguridad Social, Instituto de Salud Carlos 
III (PI18/01726), Spain, Programa de Actividades de I+D 
de la Comunidad de Madrid en Biomedicina (B2017/BMD-
3804), Madrid, Spain and Instituto de Salud Carlos III CIBER 
Enfermedades hepáticas y Digestivas, Spain.

REFEREnCEs
 1. Malhi GS, Mann JJ. Depression. Lancet (2018) 392:2299–312. doi: 10.1016/

s0140-6736(18)31948-2
 2. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. 

Disability-adjusted life years (DALYs) for 291 diseases and injuries 
in 21 regions, 1990-2010: a systematic analysis for the Global Burden 
of Disease Study 2010. Lancet (2012) 380:2197–223. doi: 10.1016/
s0140-6736(12)61689-4

 3. Kupfer DJ, Frank E, Phillips ML. Major depressive disorder: new clinical, 
neurobiological, and treatment perspectives. Lancet (2012) 379:1045–55. 
doi: 10.1016/s0140-6736(11)60602-8

 4. Berk M, Williams LJ, Jacka FN, O’Neil A, Pasco JA, Moylan S, et al. So 
depression is an inflammatory disease, but where does the inflammation 
come from? BMC Med (2013) 11:200. doi: 10.1186/1741-7015-11-200

 5. Lotrich FE. Inflammatory cytokine-associated depression. Brain Res (2015) 
1617:113–25. doi: 10.1016/j.brainres.2014.06.032

 6. Auffray C, Sieweke MH, Geissmann F. Blood monocytes: development, 
heterogeneity, and relationship with dendritic cells. Ann Rev Immunol (2009) 
27:669–92. doi: 10.1146/annurev.immunol.021908.132557

 7. Ziegler-Heitbrock L. Blood monocytes and their subsets: established 
features and open questions. Front Immunol (2015) 6:423. doi: 10.3389/
fimmu.2015.00423

 8. Ziegler-Heitbrock L, Ancuta P, Crowe S, Dalod M, Grau V, Hart DN, et al. 
Nomenclature of monocytes and dendritic cells in blood. Blood (2010) 
116:e74–80. doi: 10.1182/blood-2010-02-258558

 9. Murray PJ. Immune regulation by monocytes. Semin Immunol (2018) 35:12–
8. doi: 10.1016/j.smim.2017.12.005

 10. Swirski FK, Nahrendorf M. Leukocyte behavior in atherosclerosis, 
myocardial infarction, and heart failure. Science (2013) 339:161–6. doi: 
10.1126/science.1230719

 11. Stevens BR, Goel R, Seungbum K, Richards EM, Holbert RC, Pepine CJ, 
et al. Increased human intestinal barrier permeability plasma biomarkers 
zonulin and FABP2 correlated with plasma LPS and altered gut microbiome 
in anxiety or depression. Gut (2018) 67:1555.1552–1557. doi: 10.1136/
gutjnl-2017-314759

 12. Stehle JR, Leng X, Kitzman DW, Nicklas BJ, Kritchevsky SB, High KP. 
Lipopolysaccharide-binding protein, a surrogate marker of microbial 
translocation, is associated with physical function in healthy older adults. 
J Gerontol Ser A: Biol Sci Med Sci (2012) 67:1212–8. doi: 10.1093/gerona/
gls178

 13. Albillos A, de-la-Hera A, Alvarez-Mon M. Serum lipopolysaccharide-binding 
protein prediction of severe bacterial infection in cirrhotic patients with 
ascites. Lancet (2004) 363:1608–10. doi: 10.1016/s0140-6736(04)16206-5

 14. Tudesq J-J, Dunyach-Remy C, Combescure C, Doncesco R, Laureillard D, 
Lavigne J-P, et al. Microbial translocation is correlated with HIV evolution in 
HIV-HCV co-infected patients. PloS One (2017) 12:e0183372. doi: 10.1371/
journal.pone.0183372

 15. American Psychiatric Association (APA). Diagnostic and statistical manual 
of mental disorders (5 ed). (2013).

 16. American Journal of Psychiatry. Diagnostic and statistical manual of mental 
disorders. Arlington, TX: American Journal of Psychiatry (2013).

November 2019 | Volume 10 | Article 812Frontiers in Psychiatry | www.frontiersin.org

https://doi.org/10.1016/s0140-6736(18)31948-2
https://doi.org/10.1016/s0140-6736(18)31948-2
https://doi.org/10.1016/s0140-6736(12)61689-4
https://doi.org/10.1016/s0140-6736(12)61689-4
https://doi.org/10.1016/s0140-6736(11)60602-8
https://doi.org/10.1186/1741-7015-11-200
https://doi.org/10.1016/j.brainres.2014.06.032
https://doi.org/10.1146/annurev.immunol.021908.132557
https://doi.org/10.3389/fimmu.2015.00423
https://doi.org/10.3389/fimmu.2015.00423
https://doi.org/10.1182/blood-2010-02-258558
https://doi.org/10.1016/j.smim.2017.12.005
https://doi.org/10.1126/science.1230719
https://doi.org/10.1136/gutjnl-2017-314759
https://doi.org/10.1136/gutjnl-2017-314759
https://doi.org/10.1093/gerona/gls178
https://doi.org/10.1093/gerona/gls178
https://doi.org/10.1016/s0140-6736(04)16206-5
https://doi.org/10.1371/journal.pone.0183372
https://doi.org/10.1371/journal.pone.0183372
https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org


Circulating Monocytes and Bacterial Translocation in MDDAlvarez-Mon et al.

11

 17. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, 
et  al. The Mini-International Neuropsychiatric Interview (M.I.N.I.): the 
development and validation of a structured diagnostic psychiatric interview 
for DSM-IV and ICD-10. J Clin Psychiatry (1998) 59 Suppl 20:22–33.

 18. Kiecolt-Glaser JK, Derry HM, Fagundes CP. Inflammation: depression fans 
the flames and feasts on the heat. Am J Psychiatry (2015) 172:1075–91. doi: 
10.1176/appi.ajp.2015.15020152

 19. Köhler-Forsberg O, Buttenschøn HN, Tansey KE, Maier W, Hauser J, 
Dernovsek MZ, et al. Association between C-reactive protein (CRP) 
with depression symptom severity and specific depressive symptoms in 
major depression. Brain Behav Immun (2017) 62:344–50. doi: 10.1016/j.
bbi.2017.02.020

 20. Miller AH, Raison CL. The role of inflammation in depression: from 
evolutionary imperative to modern treatment target. Nat Rev Immunol 
(2016) 16:22–34. doi: 10.1038/nri.2015.5

 21. Haapakoski R, Ebmeier KP, Alenius H, Kivimäki M. Innate and adaptive 
immunity in the development of depression: an update on current knowledge 
and technological advances. Prog Neuro-Psychopharmacol Biol Psychiatry 
(2016) 66:63–72. doi: 10.1016/j.pnpbp.2015.11.012

 22. Haroon E, Daguanno AW, Woolwine BJ, Goldsmith DR, Baer WM, 
Wommack EC, et al. Antidepressant treatment resistance is associated with 
increased inflammatory markers in patients with major depressive disorder. 
Psychoneuroendocrinology (2018) 95:43–9. doi: 10.1016/j.psyneuen.2018. 
05.026

 23. Jones KA, Thomsen C. The role of the innate immune system in psychiatric 
disorders. Mol Cell Biochem (2013) 53:52–62. doi: 10.1016/j.mcn.2012. 
10.002

 24. Patel AA, Zhang Y, Fullerton JN, Boelen L, Rongvaux A, Maini AA, et al. The 
fate and lifespan of human monocyte subsets in steady state and systemic 
inflammation. J Exp Med (2017) 214:1913–23. doi: 10.1084/jem.20170355

 25. Duggal NA, Beswetherick A, Upton J, Hampson P, Phillips AC, Lord JM. 
Depressive symptoms in hip fracture patients are associated with reduced 
monocyte superoxide production. Exp Gerontol (2014) 54:27–34. doi: 
10.1016/j.exger.2014.01.028

 26. Euteneuer F, Schwarz MJ, Schmidmaier R, Hennings A, Riemer S, Stapf TM, 
et al. Blunted exercise-induced mobilization of monocytes in somatization 
syndromes and major depression. J Affect Disord (2014) 166:156–64. doi: 
10.1016/j.jad.2014.04.060

 27. Grosse L, Hoogenboezem T, Ambree O, Bellingrath S, Jorgens S, de Wit HJ, 
et al. Deficiencies of the T and natural killer cell system in major depressive 
disorder: T regulatory cell defects are associated with inflammatory 
monocyte activation. Brain Behav Immun (2016) 54:38–44. doi: 10.1016/j.
bbi.2015.12.003

 28. Schlatter J, Ortuño F, Cervera-Enguix S. Monocytic parameters in patients 
with dysthymia versus major depression. J Affect Disord (2004) 78:243–7. 
doi: 10.1016/s0165-0327(02)00316-6

 29. Suzuki H, Savitz J, Teague TK, Gandhapudi SK, Tan C, Misaki M, et al. 
Altered populations of natural killer cells, cytotoxic T lymphocytes, and 
regulatory T cells in major depressive disorder: association with sleep 
disturbance. Brain Behav Immun (2017) 66:193–200. doi: 10.1016/j.bbi. 
2017.06.011

 30. Torres KC, Lima GS, Fiamoncini CM, Rezende VB, Pereira PA, Bicalho MA, 
et al. Increased frequency of cluster of differentiation 14 (CD14+) monocytes 
expressing interleukin 1 beta (IL-1β) in Alzheimer's disease patients and 
intermediate levels in late-onset depression patients. Int J Geriatr Psychiatry 
(2014) 29:137–43. doi: 10.1002/gps.3973

 31. Heine GH, Ortiz A, Massy ZA, Lindholm B, Wiecek A, Martínez-Castelao A, 
et al. Monocyte subpopulations and cardiovascular risk in chronic kidney 
disease. Nat Rev Nephrol (2012) 8:362–9. doi: 10.1038/nrneph.2012.41

 32. Rogacev KS, Cremers B, Zawada AM, Seiler S, Binder N, Ege P, et al. 
CD14++CD16+ monocytes independently predict cardiovascular events. 
J Am Coll Cardiol (2012) 60:1512–20. doi: 10.1016/j.jacc.2012.07.019

 33. Böddeker N, Bahador G, Gibbs C, Mabery E, Wolf J, Xu L, et al. 
Characterization of a novel antibacterial agent that inhibits bacterial 
translation. RNA (2002) 8:1120–8. doi: 10.1017/s1355838202024020

 34. Rogacev KS, Zawada AM, Emrich I, Seiler S, Böhm M, Fliser D, et al. Lower 
apo A-I and lower HDL-C levels are associated with higher intermediate 
CD14 ++ CD16 + monocyte counts that predict cardiovascular events in 

chronic kidney disease. Arterioscler Thromb Vasc Biol (2014) 34:2120–7. doi: 
10.1161/atvbaha.114.304172

 35. Xing J, Liu Y, Chen T. Correlations of chemokine CXCL16 and TNF-α with 
coronary atherosclerotic heart disease. Exp Ther Med (2017) 15:773–6. doi: 
10.3892/etm.2017.5450

 36. Ammirati E, Moroni F, Magnoni M, Di Terlizzi S, Villa C, Sizzano F, et al. 
Circulating CD14+ and CD14highCD16– classical monocytes are reduced 
in patients with signs of plaque neovascularization in the carotid artery. 
Atherosclerosis (2016) 255:171–8. doi: 10.1016/j.atherosclerosis.2016.10.004

 37. Hasselmann H, Gamradt S, Taenzer A, Nowacki J, Zain R, Patas K, et al. 
Pro-inflammatory monocyte phenotype and cell-specific steroid signaling 
alterations in unmedicated patients with major depressive disorder. Front 
Immunol (2018) 9:2693. doi: 10.3389/fimmu.2018.02693

 38. Marquesdeak A, Neto F, Dominguez W, Solis A, Kurcgant D, Sato F, et al. 
Cytokine profiles in women with different subtypes of major depressive 
disorder. J Psychiatr Res (2007) 41:152–9. doi: 10.1016/j.jpsychires.2005. 11.003

 39. Owen BM, Eccleston D, Ferrier IN, Young H. Raised levels of plasma 
interleukin-1beta in major and postviral depression. Acta Psychiatr Scand 
(2001) 103:226–8. doi: 10.1034/j.1600-0447.2001.00162.x

 40. Schlatter J, Ortuño F, Cervera-Enguix S. Differences in interleukins’ patterns 
between dysthymia and major depression. Eur Psychiatry (2001) 16:317–9. 
doi: 10.1016/s0924-9338(01)00585-5

 41. Vogelzangs N, de Jonge P, Smit JH, Bahn S, Penninx BW. Cytokine 
production capacity in depression and anxiety. Transl Psychiatry (2016) 
6:e825. doi: 10.1038/tp.2016.92

 42. Zhang H-X, Xu Y-Q, Li Y-Y, Lu M-F, Shi S-X, Ji J-L, et al. Difference in 
proinflammatory cytokines produced by monocytes between patients 
with major depressive disorder and healthy controls. J Affect Disord (2018) 
234:305–10. doi: 10.1016/j.jad.2017.12.099

 43. Goldsmith DR, Rapaport MH, Miller BJ. A meta-analysis of blood 
cytokine network alterations in psychiatric patients: comparisons between 
schizophrenia, bipolar disorder and depression. Mol Psychiatry (2016) 
21:1696–709. doi: 10.1038/mp.2016.3

 44. Köhler CA, Freitas TH, Maes M, de Andrade NQ, Liu CS, Fernandes BS, et al. 
Peripheral cytokine and chemokine alterations in depression: a meta-analysis 
of 82 studies. Acta Psychiatr Scand (2017) 135:373–87. doi: 10.1111/acps.12698

 45. de Pablo R, Monserrat J, Reyes E, Diaz-Martin D, Rodriguez Zapata M, 
Carballo F, et al. Mortality in patients with septic shock correlates with anti-
inflammatory but not proinflammatory immunomodulatory molecules. 
J Intensive Care Med (2011) 26:125–32. doi: 10.1177/0885066610384465

 46. Hodgkin PD, Bond MW, O'Garra A, Frank G, Lee F, Coffman RL, et al. 
Identification of IL-6 as a T cell-derived factor that enhances the proliferative 
response of thymocytes to IL-4 and phorbol myristate acetate. J Immunol 
(1988) 141:151–7.

 47. Weber A, Wasiliew P, Kracht M. Interleukin-1 (IL-1) pathway. Sci Signal 
(2010) 3:cm1. doi: 10.1126/scisignal.3105cm1

 48. Muñoz L, Borrero M-J, Úbeda M, Conde E, del Campo R, Rodríguez-
Serrano M, et al. Intestinal immune dysregulation driven by dysbiosis 
promotes barrier disruption and bacterial translocation in rats with cirrhosis. 
Hepatology (2019) 70(3):925–38. doi: 10.1002/hep.30349

 49. Schumann RR, Latz E. Lipopolysaccharide-binding protein. Chem Immunol 
(2000) 74:42–60. doi: 10.1159/000058760

 50. Albillos A. Increased lipopolysaccharide binding protein in cirrhotic patients 
with marked immune and hemodynamic derangement. Hepatology (2003) 
37:208–17. doi: 10.1053/jhep.2003.50038

 51. Kéri S, Szabó C, Kelemen O. Expression of toll-like receptors in peripheral 
blood mononuclear cells and response to cognitive-behavioral therapy 
in major depressive disorder. Brain Behav Immun (2014) 40:235–43. doi: 
10.1016/j.bbi.2014.03.020

 52. Blairon L, Wittebole X, Laterre PF. Lipopolysaccharide-binding protein 
serum levels in patients with severe sepsis due to gram-positive and fungal 
infections. J Infect Dis (2003) 187:287–91. doi: 10.1086/346046

 53. Hojman H, Lounsbury D, Harris H, Horn JK. Immunodepressive effects of 
LPS on monocyte CD14 in vivo. J Surg Res (1997) 69:7–10. doi: 10.1006/
jsre.1997.5010

 54. Gárate I, Garcia-Bueno B, Madrigal JLM, Caso JR, Alou L, Gomez-Lus ML, 
et  al. Stress-induced neuroinflammation: role of the toll-like receptor-4 
pathway. Biol Psychiatry (2013) 73:32–43. doi: 10.1016/j.biopsych.2012.07.005

Frontiers in Psychiatry | www.frontiersin.org November 2019 | Volume 10 | Article 812

https://doi.org/10.1176/appi.ajp.2015.15020152
https://doi.org/10.1016/j.bbi.2017.02.020
https://doi.org/10.1016/j.bbi.2017.02.020
https://doi.org/10.1038/nri.2015.5
https://doi.org/10.1016/j.pnpbp.2015.11.012
https://doi.org/10.1016/j.psyneuen.2018.05.026
https://doi.org/10.1016/j.psyneuen.2018.05.026
https://doi.org/10.1016/j.mcn.2012.10.002
https://doi.org/10.1016/j.mcn.2012.10.002
https://doi.org/10.1084/jem.20170355
https://doi.org/10.1016/j.exger.2014.01.028
https://doi.org/10.1016/j.jad.2014.04.060
https://doi.org/10.1016/j.bbi.2015.12.003
https://doi.org/10.1016/j.bbi.2015.12.003
https://doi.org/10.1016/s0165-0327(02)00316-6
https://doi.org/10.1016/j.bbi.2017.06.011
https://doi.org/10.1016/j.bbi.2017.06.011
https://doi.org/10.1002/gps.3973
https://doi.org/10.1038/nrneph.2012.41
https://doi.org/10.1016/j.jacc.2012.07.019
https://doi.org/10.1017/s1355838202024020
https://doi.org/10.1161/atvbaha.114.304172
https://doi.org/10.3892/etm.2017.5450
https://doi.org/10.1016/j.atherosclerosis.2016.10.004
https://doi.org/10.3389/fimmu.2018.02693
https://doi.org/10.1016/j.jpsychires.2005.11.003
https://doi.org/10.1034/j.1600-0447.2001.00162.x
https://doi.org/10.1016/s0924-9338(01)00585-5
https://doi.org/10.1038/tp.2016.92
https://doi.org/10.1016/j.jad.2017.12.099
https://doi.org/10.1038/mp.2016.3
https://doi.org/10.1111/acps.12698
https://doi.org/10.1177/0885066610384465
https://doi.org/10.1126/scisignal.3105cm1
https://doi.org/10.1002/hep.30349
https://doi.org/10.1159/000058760
https://doi.org/10.1053/jhep.2003.50038
https://doi.org/10.1016/j.bbi.2014.03.020
https://doi.org/10.1086/346046
https://doi.org/10.1006/jsre.1997.5010
https://doi.org/10.1006/jsre.1997.5010
https://doi.org/10.1016/j.biopsych.2012.07.005
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Circulating Monocytes and Bacterial Translocation in MDDAlvarez-Mon et al.

12

 55. Maes M, Kubera M, Leunis JC. The gut-brain barrier in major depression: 
intestinal mucosal dysfunction with an increased translocation of LPS from 
gram negative enterobacteria (leaky gut) plays a role in the inflammatory 
pathophysiology of depression. Neuro Endocrinol Lett (2008) 29:117–24.

 56. Ohlsson L, Gustafsson A, Lavant E, Suneson K, Brundin L, Westrin Å, et al. 
Leaky gut biomarkers in depression and suicidal behavior. Acta Psychiatr 
Scand (2018) 139:185–93. doi: 10.1111/acps.12978

 57. Moreno-Navarrete JM, Sabater M, Ortega F, Ricart W, Fernández-Real 
JM. Circulating zonulin, a marker of intestinal permeability, is increased 
in association with obesity-associated insulin resistance. PloS One (2012) 
7:e37160. doi: 10.1371/journal.pone.0037160

 58. Smecuol E, Sugai E, Niveloni S, Vázquez H, Pedreira S, Mazure R, et  al. 
Permeability, zonulin production, and enteropathy in dermatitis herpetiformis. 
Clin Gastroenterol Hepatol (2005) 3:335–41. doi: 10.1016/s1542-3565(04)00778-5

 59. Maloy KJ, Powrie F. Intestinal homeostasis and its breakdown in inflammatory 
bowel disease. Nature (2011) 474:298–306. doi: 10.1038/nature10208

 60. Jayashree B, Bibin YS, Prabhu D, Shanthirani CS, Gokulakrishnan K, 
Lakshmi BS, et al. Increased circulatory levels of lipopolysaccharide (LPS) 
and zonulin signify novel biomarkers of proinflammation in patients 
with type 2 diabetes. Mol Cell Biochem (2014) 388:203–10. doi: 10.1007/
s11010-013-1911-4

 61. Ciccia F, Guggino G, Rizzo A, Alessandro R, Luchetti MM, Milling S, et al. 
Dysbiosis and zonulin upregulation alter gut epithelial and vascular barriers 
in patients with ankylosing spondylitis. Ann Rheumatol Dis (2017) 76:1123–
32. doi: 10.1136/annrheumdis-2016-210000

 62. Horta-Baas G, Romero-Figueroa MdS, Montiel-Jarquín AJ, Pizano-Zárate 
ML, García-Mena J, Ramírez-Durán N. Intestinal dysbiosis and rheumatoid 
arthritis: a link between gut microbiota and the pathogenesis of rheumatoid 
arthritis. J Immunol Res (2017) 2017:1–13. doi: 10.1155/2017/4835189

 63. Vujkovic-Cvijin I, Dunham RM, Iwai S, Maher MC, Albright RG, Broadhurst 
MJ, et al. Dysbiosis of the gut microbiota is associated with HIV disease 
progression and tryptophan catabolism. Sci Transl Med (2013) 5:193ra191. 
doi: 10.1126/scitranslmed.3006438

 64. Meesters JJL, Bremander A, Bergman S, Petersson IF, Turkiewicz A, 
Englund M. The risk for depression in patients with ankylosing spondylitis: 
a population-based cohort study. Arthritis Res Ther (2014) 16:418. doi: 
10.1186/s13075-014-0418-z

 65. Morrison MF, Petitto JM, Have TT, Gettes DR, Chiappini MS, Weber AL, 
et al. Depressive and anxiety disorders in women with HIV infection. Am J 
Psychiatry (2002) 159:789–96. doi: 10.1176/appi.ajp.159.5.789

 66. Roberts AL, Kubzansky LD, Malspeis S, Feldman CH, Costenbader KH. 
Association of depression with risk of incident systemic lupus erythematosus 
in women assessed across 2 decades. JAMA Psychiatry (2018) 75:1225–33. 
doi: 10.1001/jamapsychiatry.2018.2462

 67. Roy T, Lloyd CE. Epidemiology of depression and diabetes: a systematic review. 
J Affect Disord (2012) 142:S8–S21. doi: 10.1016/s0165-0327(12)70004-6

Conflict of Interest: The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be construed as a 
potential conflict of interest.

Copyright © 2019 Alvarez-Mon, Gómez, Orozco, Lahera, Sosa, Diaz, Auba, Albillos, 
Monserrat and Alvarez-Mon. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License (CC BY). The use, distribution 
or reproduction in other forums is permitted, provided the original author(s) and 
the copyright owner(s) are credited and that the original publication in this journal 
is cited, in accordance with accepted academic practice. No use, distribution or 
reproduction is permitted which does not comply with these terms.

November 2019 | Volume 10 | Article 812Frontiers in Psychiatry | www.frontiersin.org

https://doi.org/10.1111/acps.12978
https://doi.org/10.1371/journal.pone.0037160
https://doi.org/10.1016/s1542-3565(04)00778-5
https://doi.org/10.1038/nature10208
https://doi.org/10.1007/s11010-013-1911-4
https://doi.org/10.1007/s11010-013-1911-4
https://doi.org/10.1136/annrheumdis-2016-210000
https://doi.org/10.1155/2017/4835189
https://doi.org/10.1126/scitranslmed.3006438
https://doi.org/10.1186/s13075-014-0418-z
https://doi.org/10.1176/appi.ajp.159.5.789
https://doi.org/10.1001/jamapsychiatry.2018.2462
https://doi.org/10.1016/s0165-0327(12)70004-6
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org

	Abnormal Distribution and Function of Circulating Monocytes and Enhanced Bacterial Translocation in Major Depressive Disorder
	Introduction
	Materials And Methods
	Study Protocol
	Isolation of Peripheral Blood Mononuclear Cells
	Immunophenotype Studies and Intracellular Cytokines
	Quantification of Serum Cytokines Using Luminex
	Study of The Intestinal Barrier Integrity and Bacterial Translocation
	Statistical Analysis

	Results
	Demographic Profile of Participants
	MDD Patients Show an Expansion of The CD14++CD16++ Intermediate Monocyte Subset
	MDD Patients Exhibit Differential Abnormal Cytokine Production in The Monocyte Subsets
	MDD Patients Show Increased Levels of Circulating LBP

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


