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A B S T R A C T

miRNAs are important immune regulators in the control of the CD4+T cells phenotype. miR-326 regulates the
differentiation towards Th17 cells and the inhibition of miR-155 is associated with low levels of Treg cells.
However, miRNAs expression and transcription factors associated with these lymphocyte subsets in obesity-
induced adipose tissue inflammation is still unknown. The aim of this work was to identify Th17 cells in sub-
cutaneous adipose tissue (SAT), proinflammatory cytokine production and their association with the miRNAs
and transcription factors involved. We collected SAT samples obtained by lipoaspiration from individuals with
normal weight, overweight and obesity. We obtained the stromal vascular fractions and then a Ficoll gradient
was performed to obtain adipose tissue mononuclear cells (ATMC). Th17 cells were evaluated by flow cytometry
and the expression of miR-326, miR-155, RORC2 and FOXP3 by qRT-PCR. We also analyzed cytokines from the
supernatants of the ATMC culture and measured the FOXP3 methylation percentage by bisulfite conversion by
PCR. According to the results, the frequency of Th17 cells and RORC2 expression was higher in individuals with
obesity and associated with miR-326 expression. The ATMC from this group secreted a proinflammatory cyto-
kine profile by in vitro assay. In contrast, lower levels of mRNA FOXP3 expression was detected in ATMC from
individuals with obesity that correlated with methylation percentage of FOXP3 gene but no association with
miR-155 was detected. Our results suggested that miR-326 participates in the polarization towards Th17 pro-
moting the inflammatory state in the obesity-induced adipose tissue.

1. Introduction

Obesity and overweight constitute a risk factor for the development
of type-2 diabetes mellitus, cardiovascular diseases, hepatic steatosis
and metabolic disorders [1]. Furthermore, obesity is characterized by a
state of chronic low-grade inflammation in adipose tissue due to the
release of adipokines, proinflammatory cytokines and chemokines such
as, IL-6, IFN-γ, TNF-α IL-1β, RANTES, MCP-1 and SDF-1α, which pro-
mote the recruitment of immune cells into the adipose tissue [2]. The
adipose tissue-infiltrating immune cells include M1 and M2

macrophages, natural killer and NKT cells, Foxp3+ T regulatory cells
(Treg), and memory and effector T cells [3]. Several studies have shown
that the number of CD4+T cells are increased in adipose tissue from
individuals with obesity and a diminished amount subset of Treg cells
has been reported [4–6].

T cell development is given by lineage-specific transcription factors
that regulate the expression of characteristic surface receptors and cy-
tokines. The CD4+ effector T cells can differentiate into several subsets
according to their phenotype and function [7,8]. The polarization to-
wards Th17 cells requires IL-6 and TGF-β, also the stable expression of
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RORC2 which regulates the production of the proinflammatory cyto-
kines IL-17A, IL-17 F, IL-21 and IL-22 [9]. In contrast, the Treg cells
maintain immunologic homeostasis and self-tolerance. FOXP3 is the
transcription factor that regulates the differentiation of this subset
which is characterized to produce IL-10, TGF-β and IL-35 [10]. Th17
cells participate in obesity-dependent inflammation and an increased
frequency of these cells in peripheral blood of individuals with obesity
and as well the levels of IL-17A [11] have been observed. Th17 cells can
co-express IL-17A and IFN-γ or IL-10, thus the pathogenicity of Th17
cells have been associated with the production of IFN-γ and the ele-
vated expression of T-bet and IL-22 [12,13]. Additionally, a study re-
ported an elevated amount of Th17 cells on visceral adipose tissue from
metabolically unhealthy obese subjects [14]. However, the mechanisms
that are involved in the balance between Th17 and Treg cells in the
inflammation process of obese subcutaneous adipose tissue, is still un-
known.

miRNAs are non-coding RNAs that play key roles in regulating gene
expression [15] by inhibiting translation or by targeting mRNA for
degradation or deadenylation [16]. It has been shown that miRNAs can
regulate the transcription factors that promote the differentiation of the
Th phenotypes [17,18]. For instance, miR-326 targets Ets-1 and pro-
motes polarization towards Th17, miR-155 targets SOCS1, inhibiting
the negative regulation of STAT3, which induces the differentiation
towards Treg cells by enhancing the expression of FOXP3 [19,20].

DNA methylation is an epigenetic mechanism that regulates gene
expression [21], where a high methylation of promoters correlating
with low or no transcription [22]. It is well described that FOXP3 is
under epigenetic regulation. Particularly, several studies have shown
that a high methylation in the FOXP3 gene is associated with auto-
immune and inflammatory diseases such as apical periodontitis [23],
thrombocytopenia [24], rheumatoid arthritis [25], coronary artery
disease [26] and systemic lupus erythematosus [27]. In these diseases
there is a decrease of Treg cells and a lower FOXP3 RNA transcript
levels.

In obesity, chronic low-grade inflammation occurs with immune
cells infiltration, where the percentage of Treg and Th17 cells is af-
fected. The analysis of the microRNA expression and transcription
factors associated with these lymphocyte subsets is relevant to know
their function in obesity-induced adipose tissue inflammation.
Therefore, the purpose of this study was to characterize the participa-
tion of Th17 cells in adipose tissue inflammation, through the evalua-
tion of miRNAs expression and the methylation status of FOXP3 intron
1 (FOXP3i1); in order to establish a possible association of these me-
chanisms in T cell polarization in obesity.

2. Materials and methods

2.1. Study group and sample collection

Individuals who underwent liposuction by plastic surgeons were
invited to participate. The female and male volunteers were classified in
three groups based on their body mass index (BMI kg/m²): normal
weight, overweight and obesity. The study was approved by the Ethics
Committee of the Faculty of Chemical Sciences at the Autonomous
University of San Luis Potosi (project CEID2013006). Tissue samples,
clinical data and the signed informed written consent were collected by
the physician responsible of the surgery on the same day that the sur-
gical process was performed.

2.2. Mononuclear cells isolation from adipose tissue samples

Adipose tissue was digested with 0.03% type I collagenase (GiBCO)
solution in RPMI (Gibco, New York), supplemented with 1.5% bovine
serum and antibiotics 200 μL/mL penicilin G and 100 μg/mL strepto-
mycin (Sigma-Aldrich, St. Louis, MO) for 1 h at 37 °C under constant
stirring. After centrifugation at 1500 rpm for 10min, the stromal

vascular fraction (SVF) was obtained. The adipose tissue mononuclear
cells (ATMC) samples were isolated by the ficoll-hypaque method from
this SVF fraction using a method previously reported [28].

2.3. Flow cytometry analysis

Freshly isolated cells were intracellular-stained to detected IL-17A
molecule. For the analysis of Th17 cells, these cells were stimulated
with 50 ng/mL PMA and 500 ng/mL ionomycin for 3 h and brefeldin A
was added for the last 2 h of the culture. Then, for the cell surface
antigens, 5× 105 cells were incubated with fluorescent labeled
monoclonal antibody anti CD4-APC for 30min. For the intracellular
cytokine staining, 0.01% saponin was added to the cells and incubated
for 10min al 4 °C in the dark, then the cells were centrifuged for 300 g
for 15min. The antibody IL-17A-PE was used, and cells incubated for
30min at 4 °C in the dark. After the wash step, the supernatant was
discarded and the cells were fixed with 1% paraformaldehyde (PFA).
Fluorescence positive cells were quantified by FACS Canto II cyto-
fluorometer (BD Bioscience, San Diego, CA) and the FACS Diva software
was used to analyze the data.

2.4. Total RNA extraction and quantitative real-time reverse transcription

Total RNA was extracted from ATMC using TRIzol reagent
(Invitrogen) according to manufacturer’s instructions. RNA concentra-
tion and purity were determined using a spectrophotometer (Synergy
HT, BioTek). A total amount of 100 ng of RNA was used to synthetize
cDNA with High Capacity cDNA Reverse Transcription kit (Applied
Biosystems) or TaqMan miR Reverse Transcription kit. A Total of
250 ng of cDNA was used as a template to perform qPCR using
TaqMan® Universal Master Mix and TaqMan® MicroRNA Assay primers
(Applied Biosystems™) for miR-326 and miR-155. To evaluate the
mRNA expression of the transcription factors, iTaq™ Universal SYBR®
Green Supermix and specific primers for RORC2 [sense: 5′-cagtcatga-
gaacacaaattgaagtg- 3′, antisense: 5′- caggtgataaccccgtagtggat- 3′] and
FOXP3 [sense: 5′-gtggcatcatccgacaag- 3′, antisense: 5′-gtggag-
gaactctgggaa- 3′] were used. The analysis was performed on the CFX96
Touch™ Real-Time System (BioRad). The data obtained were analyzed
with the 2−ΔΔCq method against the level of the transcripts U6 and
ACTB for miRNAs and mRNAs respectively.

2.5. Multiplex assays

The ATMC were stimulated with PMA and ionomycin at 37 °C for
5 h. Levels of cytokines IL-1β, IL-10, IL-17A, IL-2, IL-6, TNF-α and IFN-γ
were measured from cell culture supernatants using a costume human
ProcartaPlex multiplex Assays (Invitrogen). The assays were carried out
following the manufacturer´s instructions. Data were analyzed using
the software Bio-Plex Manager™ Software (BioRad).

2.6. Methylation specific-qPCR (MethylS-qPCR) for FOXP3i1

We used the method described by Muls et al [29]. Genomic DNA
(gDNA) was prepared from frozen pellets containing ATMC and per-
ipheral blood mononuclear cells (PBMC) from the same subject with the
PureLink DNA Mini Kit (Invitrogen). This gDNA was treated with so-
dium bisulfite using the EpiTect Plus DNA Bisulfite Kit (Qiagen). Real-
Time PCR was performed in a final reaction volume of 20 μL containing
200 nM each of methyl- [sense: 5′- ctcttctcttcctccgtaatatcg- 3′, anti-
sense: 5´- gttattgacgttatggcggtc- 3′] or non-methyl- [sense: 5′-
ccctcttctcttcctccataatatca-3′, antisense 5´- ttttgttattgatgttatggtggtt-3´]
specific primers for FOXP3 intron 1 sequence, 10μM methyl- [aaaccc-
gacgcatccgac], or non-methyl- [aaacccaacacatccaacca] specific FAM
probe and 20 ng bisulfite-treated genomic DNA. Each sample was
analyzed in triplicate using the CFX real-time PCR. Thermal cycling
conditions consisted of a 95 °C preheating step for 10min, followed by
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44 cycles of 60 °C for 30 s and by 1min at 61 °C. The percentage of
methylated sequences was calculated by the following equation:
Ctmeth= 100/[1+2(Ctmeth-Ctdemeth)]%, and it was expressed as the
mean percent of methylation.

2.7. Statistical analysis

Data are shown as the mean ± the standard deviation (SD) or the
median ± interquartile range. The distribution of each one of the
variables was assessed by the Kolmogorov-Smirnov test. The assessment
of differences in the expression of miR-155, miR-326 and the tran-
scription factors RORC2 and FOXP3 was determined using both para-
metric and non-parametric tests. The differences in the expression of
miRNAs between the groups were determined by ANOVA. The differ-
ences were considered significant at p < 0.05. The statistical analysis
was performed using InStat GraphPad software (InStat GraphPad Inc.,
San Diego, CA, USA), version 5.0.

3. Results

3.1. Characteristics of the participants in the study groups

In accordance with body mass index (BMI kg/m²), it was divided the
total of 39 volunteers (female, n= 37 and male, n= 2), in three
groups: 16 individuals who were normal weight (BMI < 25), 17 who
were overweight (BMI 25-29.99) and 6 individuals with obesity
(BMI≥ 30). The age of the participants ranged from 20 to 63 years,
with a mean age of 37 years. The main clinical and biochemical para-
meters of the 39 individuals assessed in this study are listed in Table 1.
As expected, significant differences were observed in weight and BMI
between the three groups.

3.2. Increased levels of Th17 cells and RORC2 expression in adipose tissue
from individuals with obesity

Given the role of Th17 cells in proinflammatory diseases, we
decided to evaluate whether the frequency of Th17 cells were altered in
ATMC from study groups. Representative histograms for the identifi-
cation of IL-17A+ cells after defining the lymphocyte population,
based on forward and side scatter parameters, are shown in Fig. 1A.
Flow cytometry analysis showed significantly higher Th17 cell fre-
quencies in ATMC from an individual with obesity than in normal
weight and overweight (Fig. 1B). Retinoic acid-related orphan receptor

C isoform 2 (RORC2) has been regarded as the master transcription
factor in Th17 cells. Based on qRT-PCR analysis, we observed sig-
nificantly higher expression levels from individuals with obesity com-
pared with normal weight and overweight participants (Fig. 1C). Fi-
nally, we found a positive correlation between Th17 cell frequencies
and the expression of RORC2 (Fig. 1D).

3.3. Co-expression of high levels of miR-326 and RORC2 in mononuclear
cells from adipose tissue in individuals with obesity

Previous reports have shown that miR-326 and miR-155 are im-
portant regulators of transcription factors that promote the differ-
entiation of the Th17 or Treg phenotypes [17,18]. Therefore, this
prompted us to test whether these miRNAs are involved in this differ-
entiation process in ATMC. We found that ATMC from individuals with
obesity expressed high levels of miR-326 when compared to normal
weight and overweight subjects (Fig. 2A). Interestingly, those levels
were positively correlated with the expression of RORC2 (Fig. 2B). On
the other hand, the miR-155 expression levels were similar between
groups and no association with FOXP3 mRNA levels was observed
(Fig. 2C–D).

3.4. ATMC from individuals with obesity secrete altered levels of
proinflammatory cytokines in vitro

Infiltrating immune cells produce cytokines that participate in cell
signaling and immune regulation, affecting adjacent cells from tissues
and organs. To determine the cytokines production, ATMC from in-
dividuals of the studied groups were stimulated with PMA or ionomycin
as described in material and methods. High levels of the cytokines IL-
1β, IL-17A, IL-6, TNF-α, and IFN-γ (p < 0.05) were observed in the
supernatants of ATMC from obesity group when compared with the
normal weight group (Fig. 3A–E). However, there were no significant
differences observed in the levels of IL-2 and IL-10 in any of the studied
groups (Fig. 3F–G).

3.5. High degree of FOXP3 methylation and low level of FOXP3 expression
in ATMC from individuals with obesity

Methylation status in the FOXP3 gene has been shown associated
with diverse inflammatory diseases, which also are characterized by a
reduction of Treg cells and a lower FOXP3 mRNA levels. Therefore, we
analyzed the methylation status of the FOXP3i1 sequence and the
FOXP3 transcript levels (Fig. 4A) in ATMC and PBMC from individuals
with a normal weight, overweight and obesity. The mean methylation
level in the ATMC samples was not significantly different compared
with PBMC samples from the same individual (Fig. 4B). Moreover,
significant changes in the methylation percentage of FOXP3 were ob-
served in the ATMC from the obesity group compared with the normal
weight group (Fig. 4C). However, no significant associations were ob-
served between relative expression of FOXP3 gene and methylation
percentage (Fig. 4D).

4. Discussion

During obesity the excessive fat accumulation induces changes in
the amount and activity of immune cells in the adipose tissue, which
leads to activation of a local inflammatory response and subsequently
systemic inflammation [30]. Th17 cells play an important role in the
induction and maintenance of autoimmune diseases [31], and their
prevalence in the adipose tissue is associated with the progression of
obesity in humans [32]. It has been reported a high frequency of Th17
cells and a high level of expression of RORC2 in visceral adipose tissue
(TAV) from morbidly obese subjects with metabolic abnormalities [33].
This data are in accordance with our present work where we detected
an increase in CD4+IL-17A+ cell frequency related to RORC2

Table 1
Clinical characteristics of the study group. Samples from subcutaneous adipose
tissue were obtained from thirty-nine individuals—men (n=2) and women
(n=37)—who underwent liposuction surgery, the age ranged from 20 to 63
years old. The groups of individuals were divided according to their BMI:
normal weight (BMI < 25 kg/m2), overweight (BMI 25–29.99 kg/m2) and
obese (BMI> 30 kg/m2). Significant differences were found in weight and BMI
from normal weight, overweight and individuals with obesity. Data are pre-
sented as the means ± SD, BMI: Body Mass Index, Upper letters indicate sig-
nificant differences based on post-hoc testing.

Parameters Normal weight Overweight Obesity p
n 16 (F) 17 (F) 6 (2M/ 4 F)

Age 36.8 ± 8.3 37.7 ± 11.0 38.5 ± 10.1 0.9119
Weight 62.3 ± 7.3a 69.6 ± 6.78b 98.79 ± 14.06c < 0.0001
Height 1.62 ± 0.04 1.61 ± 0.07 1.73 ± 0.11 0.0009
BMI 23.7 ± 1.6a 26.5 ± 2.7b 32.6 ± 2.9b < 0.0001
Glucose 88.6 ± 9.6 94.0 ± 6.5 91.4 ± 9.6 0.3159
Creatinine 0.76 ± 0.15 0.79 ± 0.14 0.77 ± 0.13 0.9321
Hemoglobin 13.6 ± 0.9a 14.3 ± 1.1b 15.2 ± 1.7c 0.0494
Cholesterol 210.7 ± 22.4 205.7 ± 43.8 210.5 ± 40.7 0.9604
Triglycerides 141.7 ± 20.9 99.6 ± 27.7 128.0 ± 55.1 0.4890
Leucocytes 5.87 ± 1.37 6.98 ± 0.89 6.43 ± 1.2 0.1056
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expression in ATMC from individuals with obesity. However, it has not
been analyzed the presence of Th17 cells, as well as other factors as
miRNAs or methylation status of FOXP3 gene, in subcutaneous adipose
tissue (SAT) from individuals who did not present metabolic disorders
or- obesity-associated diseases.

The hypertrophied adipose tissue becomes heavily infiltrated by a
variety of immune cells. The polarization towards Th17 is regulated by

the tissue microenvironment, mainly by the production of cytokines
such as IL-6, TGF-β and IL-21. Also, the adipose tissue from individuals
with obesity present a high production of IL-6 cytokine [34], which
could be promoting the increase of Th17 cell markers in individuals
with this condition. The Th17 cells as IL17A-producing CD4+T cells,
which were found to be increased in obesity, are well recognized as
biomarkers of the inflammatory process. In addition, the in vitro

Fig. 1. Increased levels of adipose tissue- resident Th17 cells in obesity. The frequency of CD4+IL-17A+ cells in adipose tissue mononuclear cells (ATMC) from the
individuals with normal weight, overweight and obesity was analyzed. A) Representative FACS profile showing the expression of CD4+IL17A+ cells and percentage
of Th17 cells in ATMC from individuals with BMI < 25, BMI 25–29.99 or BMI≥ 30. B) Percentage of Th17 cells from individuals with normal weight, overweight
and obesity. Data are expressed as a percentage of all CD4+T cells. C) Relative expression of RORC2 from individuals with normal weight, overweight and obesity
D) Correlation between relative expression of RORC2 and percentage of Th7 cells in ATMC were analyzed using Pearson's (R) correlation. Graphs show
means ± SEMs. Statistical significance is shown as ∗p < 0.05.

Fig. 2. Increased expression levels of miR-326
in individuals with obesity and associated with
RORC2. Analysis of miRNAs (miR-326 and
miR-155) expression in the adipose tissue
mononuclear cells (ATMC) from individuals
with normal weight (BMI < 25), overweight
(BMI 25–29.99) and obesity (BMI≥ 30) was
performed. A) Relative expression of miR-326
from normal weight, overweight and in-
dividuals with obesity. B) Correlation between
the RORC2 expression and miR-326. C)
Relative expression of miR-155 from normal
weight, overweight and obese group D)
Correlation between the FOXP3 expression and
miR-155. Graphs show medians with a range.
Statistical significance is shown as ∗p < 0.05.
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Fig. 3. Increased levels of proinflammatory cytokines in cell culture supernatants of adipose tissue mononuclear cells from obese subjects. The cell-free supernatant
from adipose tissue mononuclear cells (ATMC) was analyzed for cytokine secretion by multiplex analysis using the BioPLex assay. A–E) The ATMC cells from the
obesity group compared with a normal weight secreted higher amounts of generally inflammatory IL-17A, IL-1β, IFN-gamma, IL-6 and TNF-α, but not compared with
overweight individuals. F–G) The ATMC cells from individuals with obesity compared with a normal weight or overweight secreted similar amounts of IL-10 or IL-2.
Graphs show medians with range. Statistical significance is shown as ∗p < 0.05.

Fig. 4. Diminished expression levels of FOXP3
in adipose tissue mononuclear and FOXP3i1
methylation status in individuals with obesity.
Comparison of the relative expression of
FOXP3 and the methylation percentage be-
tween individuals with normal weight
(BMI < 25), overweight (BMI 25–29.99) and
obesity (BMI > 30) groups. A) Relative ex-
pression of FOXP3 RNAm transcripts from in-
dividuals with normal weight, overweight and
obesity. B) Methylation percentage from adi-
pose tissue mononuclear (ATMC) compared
with PBMC from the same subject. C)
Methylation percentage from normal weight,
overweight and obese groups. D) Correlation
between the FOXP3 expression and methyla-
tion percentage. Graphs show medians with
range. Statistical significance is shown as
∗p< 0.05 or ∗∗p<0.01.
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cytokine production from ATMC was evaluated, finding a higher
amount of proinflammatory cytokines associated with a pathogenic
Th17 differentiation (IL-6 and IL-1β) [35], also increased in obesity.
Those results suggest that the Th17 cells present in ATMC from in-
dividuals with obesity could be pathogenic Th17, but more studies are
required to verify this hypothesis.

Excessive accumulation of body fat can lead to the development of
inflammatory and metabolic disorders. The individuals with obesity
vary their metabolic status. This has led to identify metabolically
healthy and unhealthy subjects with obesity [36]. Our study group did
not show differences with the mean of total cholesterol although it
showed exceeded normal values in the three study groups. It was not
possible to classify the study participants as metabolically unhealthy.
Another characteristic in which subjects with obesity can vary is their
body fat distribution. The subcutaneous and visceral fat depots present
differences at the anatomical, cellular, molecular and physiological
level. For example, VAT is a more vascularized tissue. Inflammatory
cells are more prevalent in this depot and present greater percentage of
mature adipocytes compared with SAT [37]. Previous studies indicated
that Th17 cell frequency in visceral and subcutaneous adipose tissues
are different, this may be due to the different functional and morpho-
logical differences of both tissues, for example the VAT secretes higher
concentrations of inflammatory cytokines, compared to SAT.

The macrophage role as the key immune cells responsible for the
obesity-associated inflammation in adipose tissue has been described
[38–41]. However, the potential role of other immune cells, such as
lymphocytes subsets in human adipose tissue [42] and the production
of proinflammatory cytokines, is unknown. Our results for the first time
showed a high production of proinflammatory cytokines in stimulated
ATMC that are probably linked to the increase in the number of Th17
cells in individuals with obesity. This conclusion is also supported by
previous studies which demonstrated a higher amount of proin-
flammatory cytokines in obesity-dependent adipose tissue inflamma-
tion [42,43]. We hypothesize that excessive accumulation of fat is en-
ough to promote a pro inflammatory state on tissue prior to the
occurrence of metabolic disorders. However, further studies are re-
quired to determine the mechanisms by which Th17 cells contribute to
the inflammation present in SAT.

It is well known that specific miRNAs play an important role on
function and differentiation of CD4+T-cell subsets. One of the critical
miRNAs that is involved in the frequency of Th17 cells and the pro-
duction of IL-17A, is miR-326 [19]. Mahnaz Ghaebi et al. reported that
this Th17 cell-associated miRNA, was up-regulated in peripheral blood
leukocytes from patients with repeated implantation failure (RIF) who
present high amount of Th17 cells [44]. Other studies have demon-
strated the miR-326 participation in several autoimmune and in-
flammatory diseases, in which the patients profile showed a higher
amount of IL-17A producing T cells, diminished frequency of Treg cells
and a marked association with miR-326 expression [45,46]. miR-326
also plays an important role during the adipocyte differentiation pro-
cess [47]; however, there are no reports regarding its participation
during the inflammatory process in subcutaneous adipose tissue. In the
present study, we found higher levels of miR-326 expression in ATMC
from individuals with obesity compared to those with a normal weight
and a positive correlation with RORC2 expression; the nuclear hormone
receptor RORC2 is an important factor in transcriptional specific pro-
gram of Th17 cells, promoting the generation of IL-17A and con-
tributing to Th17 cell differentiation from naïve CD4+T cells [48].
Therefore, we suggest that miR-326 participates in the polarization
towards Th17 cells through RORC2 expression and contributing in the
inflammatory process in the adipose tissue.

In contrast, miR-155 regulates different cellular processes and its
expression is increased on Treg cells compared to other lymphocytes
subsets [49]. Regarding adipose tissue, it has been reported that the
proinflammatory cytokine TNF-α induces the expression of miR-155 in
preadipocytes and adipocytes in vitro [50]. In addition, miR-155

expression has been reported to increase in subcutaneous adipose tissue
and correlated with BMI from individuals with obesity [51].Those re-
ports are in contrast with our results, since we found no association
between miR-155 levels in ATMC and BMI, suggesting that the con-
tribution of miR-155 in ATMC is low and probably more relevant in
another cell type present in the adipose tissue, which may explain our
findings. Although miR-326 and miR-155 are crucial in the immune
system, it would be interesting to evaluate the presence of other
miRNAs such as miR-21, which participates in the imbalance of Th17/
Treg cells on inflammatory diseases [52].

It has been shown that the phenotype and genotype of T-cell subsets
are altered in individuals with obesity, per example markers of T cell
lineage are increased (CD3, CD4, CD8, FOXP3, GATA3) [6]. In contrast,
a decreased frequency of Treg cells in subcutaneous and visceral adi-
pose tissue from individuals with obesity has been reported [53,5]. It is
well known that FOXP3 is a master transcription factor that regulates
the pathway in the development and function of Treg cells [54].
However, the FOXP3 expression levels in ATMC is unknown. Hence, we
evaluated the inter-relationship between the expression levels of FOXP3
and ATMC microenvironment and we found diminished levels of
FOXP3 mRNA in overweight and in individuals with obesity (Fig. 4A).
In this regard, it has been showed that in visceral adipose tissue from
individuals with morbid obesity its characterized by decreased levels of
FOXP3 mRNA transcripts [55], whereas others reported positive cor-
relations [5,6]. Despite the central role of FOXP3 in Treg cell devel-
opment and function; finding diminished transcript levels, it is not
sufficient to conclude that Treg cells are decreased, due to FOXP3 ex-
pression may be transiently induced and cannot be assumed that Treg
cells do not exhibit suppressor function [56–58]. Epigenetic mechan-
isms such as demethylation within the Foxp3 locus Treg-specific de-
methylated (TSDR) conferred a stable FOXP3 expression on Treg cells
and suppressive function [59]. On the other hand, FOXP3 gene poly-
morphisms are associated with autoimmune diseases [60], the poly-
morphisms in the intronic region affect RNA processing [61] and spe-
cifically the polymorphism rs2232368 located in intron 1 is associated
with unexplained recurrent spontaneous abortions [61] characterized
with a low frequency of Treg cells and diminished suppressive function.
DNA methylation has been shown to be involved in the regulation of
FOXP3 expression; Cai-Xia Lü et al. reported that acute coronary syn-
drome patients showed lower demethylation of FOXP3i1 relative levels
and pronounced reduction in the proportion of Treg cells [57] and for
our knowledge the methylation pattern of intron 1 region in FOXP3
gene has not been evaluated in ATMC.

In the present study, we analyzed whether methylation of FOXP3
intron 1 is a reliable marker of Treg cells. Our results showed that there
were significantly higher levels of methylation in individuals with
obesity compared with normal weight, however, we did not detect
differences on methylation percentage between ATMC and PBMC from
the same subject. Also, we did not find a significant association between
transcripts of FOXP3 gene and methylation percentage. Our data sug-
gests that the reduction in FOXP3 RNAm transcripts levels may be re-
lated with the increased of FOXP3i1 methylation percentage in patti-
ents with obesity. Epigenetic suppression of FOXP3 might lead to a
down-regulation of Treg cells and in turn exacerbate the inflammatory
process in adipose tissue. However, it will be necessary to confirm this
methylation percentage increasing the number of individuals and using
other methodology, such as Bisulfite Sequencing.

5. Conclusions

We showed, for the first time, that the expression of RORC2 was
associated with miR-326 expression levels in ATMC. The obesity group
showed not only a higher frequency of CD4+IL-17A+T cells, but also
a higher expression of RORC2 and miR-326. These results supported the
notion that miR-326 could be a reliable Th17 marker in the inflamed
adipose tissue and the imbalance with the reduction in FOXP3 RNAm
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transcripts levels related to the increase in FOXP3i1 methylation per-
centage associated with obesity. This work supports the importance of
the participation of miR-326 in promoting a pro-inflammatory profile in
adipose tissue in obesity.
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