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ABSTRACT
Background: Chronic inflammation has critical role in Type 2 diabetes (T2D), in
which IL-1β contributes in insulin resistance and beta cell dysfunction. The activation
of NLRP3 and AIM2 by endogens ligands, such as mtDNA can lead to the release of
active form of IL-1β. Objective: To evaluate AIM2 expression and activation as well as
circulating mtDNA levels in T2D patients. Methods: AIM2 expression was analyzed by
flow cytometry, it’s activity was assessed by measuring in vitro release of IL-1β
induced by Poly (dA:dT), and mtDNA copy number was determined by quantitative
real-time polymerase chain reaction. Results: Increased percent of AIM2+ cells were
detected in monocytes from patients with T2D. Moreover, increased levels of IL-1β in
monocytes cultures from T2D patients compared to healthy controls were observed.
Also, association between AIM2+ cells and hyperglycemia (r=0.4385, P=0.0095) and
triglycerides levels (r=0.5112, P=0.002) and waist-hip ratio (r=0.4710, P=0.0049) were
detected. Likewise, the mtDNA copy number was augmented in T2D patients compared
to control group. The mtDNA copies number was associated with body mass index
(r=0.4231, P=0.0008) and TNF-α levels (r=0.5231, P=0.0005). In addition, increased
levels of IL-12p70, TNF-a, IL-10, IL-6, IL-8 and IL-1β were detected in a serum from
T2D patients. Conclusion: These results suggest the involvement of AIM2 and mtDNA
in the inflammatory process seen in T2D.
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INTRODUCTION
Type 2 diabetes (T2D) is a major public health problem in Mexico, which, with a
prevalence of 11.92%, ranks sixth among the countries with the highest number of
patients (1). T2D is characterized, among others, by hyperglycemia and defects in
insulin secretion and action along with a low-grade inflammatory process characterized
by an increased synthesis of pro-inflammatory cytokines such as IL-1β, IL-6 and TNF-α.
These cytokines conduce to insulin resistance by promoting an inhibitory
phosphorylation of the insulin receptor substrate (IRS-1) (2-4) and inhibiting insulin
gene expression (5). Research has elucidated the role of an increased synthesis of IL-1β
as a risk factor for T2D (6). Moreover, it has been reported that the neutralization of IL1β improves the glycemic control and enhances function of pancreatic β cells in patients
with T2D (7,8).The secretion of IL-1β by monocytes and neutrophils is dependent on
the activation of the NLRP3 and AIM2 inflammasomes (9). Accordingly, when
activated, these inflammasomes form a multi-protein platform that induce the activation
of caspase-1, which, in turn, cleaves the immature form of IL-1β (pro-IL-1β), promoting
the secretion of the active form of the cytokine. NLRP3 inflammasome assembly
requires the interaction of ASC, pro-Caspase-1 and NLRP3 subunits, which is mediated
by pyrin and CARD domains (10). Similarly, the assembly of AIM2 inflammasome
requires the polymerization of AIM2 and ASC subunits and their interaction with
Caspase-1 (11). Both NLRP3 and AIM2 can be activated by endogenous ligands,
including DNA, islet amyloid polypeptide, cholesterol crystals and saturated fatty acid
(palmitate)(12,13).In addition, activating innate immunity is a result of the release into
circulation of mitochondrial endogenous damage-associated molecular patterns (MTD)
which include formyl peptides and mitochondrial DNA (mtDNA); these molecular
patterns induce the phosphorylation of p38 and p44/p42 MAPK and generate proinflammatory cytokines such as interleukin (IL)-6, IL-8 and tumor necrosis factor
(TNF)-α through their interaction with formyl peptide receptor-1 and Toll-like receptor
(TLR)-9, respectively. The participation of cell-free mtDNA has been demonstrated in
such inflammatory diseases as rheumatoid arthritis (14); however, its contribution to the
pathogenesis of T2D is an interesting subject yet to be elucidated. Delving deeper into
the mechanism involved in the pathogenesis of T2D, it becomes clear that a significant
increase occurs in the expression of the NLRP3 and the secretion of IL-1β by
monocytes from T2D patients cultured under hyperglycemic conditions (15). The role
of AIM2 in inflammatory diseases such as systemic lupus erythematous has already
been explained (16); on the other hand, its function in the inflammatory state of the T2D
remains unknown.
Given the central role of IL-1β in the inflammatory process of T2D, and the fact that the
activation of AIM2 and NLRP3 inflammasomes by endogenous ligands triggers IL-1β
production, this research assesses the expression and activation of AIM2, and cell-free
mtDNA levels in patients with T2D and healthy subjects.
MATERIALS AND METHODS
Samples.Sixty-eight patients who fulfilled the American Diabetes Association (ADA)
diagnostic criteria concerning T2D, including those who were primarily diagnosed with
T2D within the last 20 years, were recruited at the Family Medical Unit number 4 of
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Mexican Institute of Social Security, Zacatecas, Mexico; and at the Internal Medicine
Unit and Endocrinology of the Central Hospital, San Luis Potosi, Mexico. A total of 65
T2D patients including 40 females and 25 males, with a mean of age 50.6 ± 7.9 years,
were enrolled. Excluded from the study were T2D patients with microvascular and
macrovascular complications treated with corticosteroids and pregnant women. Fortythree healthy subjects were eligible as their plasma glucose levels were ≤126 mg/dL.
Patients and healthy subjects were excluded if diagnosed with any infectious diseases
within fifteen days of sample collection. Weight, height, and hip and waist
circumference were obtained in accordance with conventional procedures. It was
assumed that the inclusion of approximately 30 T2D patients and 30 controls in each
group would suffice to reach statistical differences (with an alpha value 0.049, and a
confidence level of 95%, Graph Pad Statmate 2, Graph Pad Inc. 3.0, San Diego, CA).
Anthropometric and biochemical parameters of the participants are illustrated in Table 1.
As expected, we observed a statistically significant increase in plasma glucose levels
and glycated hemoglobin A1c (HbA1c) percentages in patients with T2D compared to
healthy controls (Table 1). The present research was approved by the bioethical
committee of the National Commission for Scientific Research of IMSS (project R2011-785-063); patients and healthy volunteers were provided with written informed
consent prior to participation in the study.
Table 1. Anthropometric measurements and biochemical parameters of the
healthy controls and T2D patients.
------------------------------------------------------------------------------------------------------------------------------Healthy controls
T2D
p value
(n=43)
(n=65)
------------------------------------------------------------------------------------------------------------------------------Disease evolution (years)
--9.39 ± 6.54
Demographic characteristics:
Age (years)
47.49 ± 7.54
50.03 ± 7.67
0.0526
Sex (F/M)
33/13
40/25
Anthropometric measurements:
Weight (kg)
75.50 ± 13.70
78.15 ± 14.55
0.3527
BMI (kg/m2)
27.93 ± 6.05
30.04 ± 5.98
0.3607
WHR
0.91 ± 0.07
0.94 ± 0.06
0.0105*
Biochemical parameters:
Glucose (mmol/L)
9.32 ± 4.19
4.87 ± 0.79
< 0.0001*
HbA1c (mmol/mol)
72.01 ± 29.54
38.49 ± 4.45
< 0.0001*
Triglycerides (mmol/L)
2.68 ± 1.52
2.35 ± 1.19
0.3322
t-Cholesterol (mmol/L)
4.89 ± 1.21
5.06 ± 1.00
0.4589
HDL-c (mmol/L)
1.31 ± 0.33
1.39 ± 0.37
0.1993
LDL-c (mmol/L)
2.42 ± 0.94
2.58 ± 0.70
0.3386
Serum creatinine (mmol/L)
0.074 ± 0.057
0.047 ± 0.016
0.0639
------------------------------------------------------------------------------------------------------------------------------Data correspond to the mean ± SD. * statistically significant.BMI, body mass index; WHR, waist-hip ratio; HbA1c,
glycated hemoglobin; t-Cholesterol, total cholesterol; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density
lipoprotein cholesterol.

Monocyte Cell Isolation. Peripheral blood mononuclear cells (PBMC) were isolated by
Ficoll-Histopaque density gradient centrifugation (Sigma-Aldrich Co., St. Louis, MO)
and washed twice with a phosphate-buffered saline (PBS) solution containing 0.5%
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bovine serum albumin (BSA) (Sigma Chemical Co., St. Louis, MO, USA) and
(ethylenedinitrilo)-tetraacetic acid (EDTA) (J.T. Baker, D.F. Mexico). The monocytes
were purified through magnetic isolation (Miltenyi Biotec, Auburn, CA, USA)
following the manufacturer’s instructions. Monocyte purity was verified via flow
cytometry with an anti-human CD14 antibody conjugated to fluorescein isothiocyanate
(FITC) (eBioscience, San Diego, CA, USA). Purity >85% was considered adequate.
Cell Cultures and Stimuli.Cells were cultured in 24-well plates containing RPMI 1640
medium (GIBCO BRL, Rockville, MD, USA) supplemented with 10% fetal bovine
serum (FBS, GIBCO BRL, Rockville, MD, USA), 50 U/mL penicillin, and 50 μg/mL
streptomycin (Sigma Chemical Co., St. Louis, MO, USA); these plates were maintained
at 37°C in a 95% humidified atmosphere of 5% CO2. The cells were stimulated at a
density of 1×105 monocytes/well with 10µg/mL lipopolysaccharide (LPS) (Sigma) and
incubated for 2 hours under the above-mentioned conditions. Next, 5 mM adenosine
triphosphate (ATP, Sigma) or 20µM nigericin (Sigma) was added to the cells and
incubated for 30 minutes. In a different group of experiments, cells were incubated with
2.5 µg/mL poly (dA:dT) (poly(deoxyadenylic-deoxythymidylic) acid sodium salt)
(InvivoGen, San Diego, CA) overnight under similar incubation conditions.
Lipofectamine 2000 reagent (Invitrogen) was utilized as a vehicle for Poly (dA:dT).
Following the incubations of each experiment, the culture supernatants of monocytes
were harvested and stored at -20°C until IL-1β measurements.
Interleukin-1β Measurement.Interleukin-1β (IL-1β) was measured in the culture
supernatants of monocytes by ELISA (eBioscience) according to manufacturer’s
instructions. IL-1β was quantified through measuring the absorbance at 570 nm in a
microplate reader spectrophotometer (Multiskan ex. 1.0, Labsystems).
Western Blot Analysis.Cells (2×106) were lysed with cell lysis buffer (50mM Tris-HCl
pH 7.4, 150 mM NaCl, NP-40 1%, 1 mM EDTA, 1 mM PMSF, Complete Protease
Inhibitor 1X, and 50 mM NaF and 2 mM Na3VO4). Supernatants were collected and
the protein concentration was specified. Prior to separation on 10 or 12% SDS-PAGE,
samples were denatured at 95°C for 5 min in Laemmli’s sample buffer, and transferred
onto nitrocellulose membranes which were blocked for 1 h with Tris-buffered saline
containing 5% dried fat-free milk and 0.1% Tween-20. These membranes were then
incubated overnight at 4°C with the respective antibody anti-AIM2 (1:1000) (Abcam,
Cambridge; USA) or anti NLRP3 (1:2000) (Abcam, Cambridge; USA). They were
further washed and incubated with HRP-conjugated secondary antibody (1:10000) for 1
h at room temperature. Ultimately, immunoreactive proteins were detected through
chemiluminescence by use of an ECL western blot detection kit (Amersham
Biosciences).
Flow Cytometry Analysis. To specify the percentage of cells expressing intracellular
proteins NLRP3 and AIM2, PBMCs were washed with a staining buffer containing PBS
plus 1% FBS and 0.09% (w/v) sodium azide. Cells were then permeabilized using a
cytofix/cytoperm solution supplied by BD Biosciences and incubated for 20 minutes at
4°C. Next, 1 µg anti-human NLRP3 monoclonal antibody (Abcam, Cambridge, MA) or
1 µL anti-human AIM2 polyclonal antibody (dilution of 1:10) (Thermo Scientific,
Meridian Road Rockford, IL) was added to the solution and incubated for 30 minutes at
4°C. Finally, 1 µL of goat anti-mouse IgG polyclonal secondary antibody conjugated
with DyLight 488 (dilution of 1:20), or 1 µL of goat anti-rabbit IgG conjugated with
fluorescein isothiocyanate (FITC) (dilution of 1:20) was added, and the cells were
incubated for 30 minutes at 4°C. The PBMCs were fixed with 2% paraformaldehyde
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and analyzed in a flow cytometer (FACS Canto II, DB Biosciences).
DNA Isolation.Total DNA was extracted from 200 µL of plasma using a QIAamp DNA
Blood Mini Kit (Qiagen, Ca, EUA), according to the manufacturer’s instructions. The
final DNA was eluted with 70 µL of distilled water and stored at -20°C until use.
Plasmid Construction and Assay Calibration.A 455-bp mitochondrial DNA segment
was amplified using the primers MIT-6356-Fw and MIT-6810-Rv. The PCR product
was inserted into a pGEM T-easy vector following the recommendations of the
manufacturer (pGEM®-T Easy Vector System, Promega). After bacterial transformation,
ten colonies were picked and grown overnight in a Luria-Bertani growth medium
containing 100 ug/mL carbenicillin as a selection agent. The plasmid DNA was
extracted using the method delineated by Sambrook and Rusell (17). Four clones were
selected and sequenced via T3 and T7 primers in order to confirm the identity of the
cloned insert and the fact that a single copy was inserted into the recombinant plasmid.
One confirmed clone was utilized as a calibrator for mtDNA quantification. The 455-bp
mitochondrial DNA copy number was calculated following the procedure in ‘Creating
Standard Curves with Genomic DNA or Plasmid DNA Templates for Use in
Quantitative PCR (Applied Biosystems). Serial dilutions of the selected clone, ranging
from 109–102 copies of the insert / 4 µL, were prepared to generate a standard curve.
Quantitative Real-time PCR.The quantitative real-time PCR was performed as follows:
The 10 µL PCR amplification reaction mixture contained 2X SYBR® Green Master
Mix
(Bio
Rad),
200
nM
of
primers
MitQt-6451-Fw
(5’CTTCGTCTGATCCGTCCTAATC3’)
and
MitQt-6549-Rv
(5’TTGAGGTTGCGGTCTGTTAG -3’), amplifying a 99-bp fragment of the cloned insert,
and 4 µL of each plasma sample or each calibrator as a template DNA. Each experiment
included a no template control (NTC). The PCR reactions were run in a CFX96
Touch™ Real-Time PCR Detection System under the following cycling conditions:
95°C for 3 minutes followed by 40 cycles of 95°C for 10 seconds and 60°C for 30
seconds for annealing and extension. The specificity of the PCR products was
confirmed through melting-curve analysis. Each sample was analyzed in triplicate, the
standard curve was included in each run, and data were collected and analyzed using
CFX Manager Software 2.1 (Bio Rad). Mitochondrial DNA concentrations in the
plasma samples were calculated as previously described (18).
Interleukins Measurements in Serum. A cytometric bead array (CBA, BD
Biosciences San Jose, CA) was used following the supplier’s instructions so as to
measure the levels of Interleukin-12p70 (IL-12p70), Tumor Necrosis Factor (TNF),
Interleukin-10 (IL-10), Interleukin-6 (IL-6), Interleukin-1β (IL-1β) and Interleukin-8
(IL-8) in the serum from T2D patients and healthy controls. The acquisition and
analysis were carried out in a FACSCanto II Flow Cytometer through the use of DIVA
software (DB Biosciences San Jose, CA U.S.A.).
Statistical Analysis. Statistical analysis was performed using Graph Pad Prism 5.0 software
(San Diego, CA, USA). And data distribution was specified employing the Kolmogorov–
Smirnov test. Nonparametric analysis via Kruskal–Wallis, or the Mann–Whitney U test,
determined the differences in the expression percentages of NLRP3 or AIM2 or their
activity among groups. The association between the expression of AIM2 and biochemical
parameters was assessed by use of Spearman's correlation analysis, where p<0.05 was
considered significant. Nonparametric analysis using the Mann–Whitney U test determined
the differences in the serum levels of cytokines and the number of mtDNA copies.
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SULTS
The Increase in
n the AIM22 Inflamm
masome Exp
pression off the Monoccytes from T2D
Patieents.
The specificity
s
o the AIM22 and NLRP
of
P3 antibodies was firstly tested byy Western bllot on
PBM
MC lysates. Western
W
bloot analysis of
o NLRP3 showed
s
a strrong band oof approxim
mately
118-kkDa, whichh is the usuaal mobility predicted
p
fo
or NLRP3 (Figure.1a).
(
As far as AIM2
A
is cooncerned, a 40-kDa bannd was deteected that was
w augmennted based oon the amou
unt of
the looaded proteein (Figure. 1b).

Figurre 1. Expres
ssion of NL
LRP3 and AIM2.(a)
A
NLR
RP3 and (b) AIM2 expre
ession by We
estern
blot. Lysates from
m PBMC werre prepared for
f the immu
unoblotting with
w the indica
ated antibodies as
depiccted in the material
m
and methods section. (a-b)) The protein
n molecular weight marrker is
show
w in the left and
a
the μg if protein on the top. One representa
ative blot is shown from three
indep
pendent exp
periments. Flow cytomettry analysis and gating strategy off peripheral blood
mono
onuclear cells (PBMC). (c) The gate was allocate
ed on the mo
onocyte regiion according
g cellsize (FCS)
(
and granularity (SSC) parame
eters. (d-e) Histograms
H
sh
how the perccentage of NLRP3
N
positiive cells and AIM2 positivve cells from
m monocyte gate
g
(respecttively) for one
e T2D patien
nt. (f-g)
Histo
ograms show
w the percenttage of NLRP
P3 positive cells
c
and AIM
M2 positive ccells (respec
ctively)
from monocyte ga
ate for one control
c
subjecct.

Furthher examineed via flow cytometric analysis waas the expreession of NL
LRP3 and AIM2
A
in monocytes
m
fr
from
the paatients and healthy
h
sub
bjects. Figuures 1c-g illlustrate the flow
Iran.J.Imm
munol. VOL.15 NO.2
N
June 2018
8

147

Ca
añizales YC, et al.

cytom
metry resullts and gatiing strategyy of peripheeral blood mononucleear cells. Siimilar
perceentages of NLRP3+
N
ceells were observed in bo
oth groups (Figure.2a). Compared
d with
healtthy subjectss, on the contrary, thee frequency
y of AIM2+
+ cells wass higher in T2D
patieents (particuularly those with elevatted percentaages of HbA
A1c) (Figuree. 2(b,c)).

Figurre 2. Expres
ssion of NLR
RP3 and AIM
M2 in monoc
cytes from T2D
T
and hea
althy contro
ols.(a)
PBMC
C from T2D
D patients (n
n=15) and healthy
h
conttrols (n=20) were immunostained fo
or the
detecction of NLR
RP3 and AIM
M2 by flow cytometry.
c
(b
b) Percentag
ge of NLRP3
3 positive ce
ells in
mono
ocytes. (c) Pe
ercentage off AIM2 positive cells in monocytes.
m
(d
d) Percentag
ge of AIM2 po
ositive
cells in monocyte
es from con
ntrol subjectss and T2D patients cla
assified acco
ording the HbA1c.
H
Corre
elation analyysis between AIM2 positiive cells and
d (e) serum glucose
g
leve
els (f) triglyce
erides
levelss waist-hip ratio. (b-d) Arithmetic
A
m
mean
and SD are indica
ated. Statisttical analysis
s was
perfo
ormed using the Kruskall–Wallis, or the
t
Mann–W
Whitney U te
est. *P<0.05
5 was consiidered
signifficant. (d-f) Correlation analysis wa
as performed
d using the Spearman'ss correlation
n test.
Corre
elation coefficcient (r), n an
nd p values are
a indicated
d.

Corrrelation bettween AIM
M2+ Cells an
nd Biochem
mical Param
meters.
Also analyzed was
w the corrrelation betw
ween the peercentages of
o NLRP3+
+ cells or AIIM2+
cells and the biochemical parameterss of patien
nts with T2D. A significantly po
ositive
correelation was observed between
b
thee percentagee of AIM2+
+ cells and the serum levels
l
of gllucose (Figuure. 2d), trigglycerides (Figure.
(
2e)) and the waaist-hip ratiio (WHR) values
v
(Figuure. 2f). Onn the other hand, no reelationship was found between thhe percentaage of
NLR
RP3+ cells and
a the evaluuated biochhemical paraameters (datta not show
wn).
IL-1β Levels in
n Monocytee Cultures from
f
T2D Patients
P
an
nd Healthy Controls.
To assess
a
the activity
a
of inflammasoomes in th
he monocyttes of patieents and heealthy
indivviduals, moonocytes isoolated from
m peripheraal blood mononuclear
m
cells (PBM
MCs)
weree stimulatedd with synthhetic DNA (poly (dA:dT)), ATP or nigericinn, and the IL-1β
I
releaase was measured by ELISA
E
assaay. In the presence
p
off a poly (dA
A:dT), increased
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levells of IL-1β were obseerved in moonocyte cultures of patients
p
coomparisons with
healtthy controls (Figure. 3a). Howeever, in mo
onocyte cuultures treatted with sttimuli
speciific to NLR
RP3 inflamm
masome actiivation, such as ATP orr nigericin, similar levels of
IL-1β
β were seeen in both groups (F
Figure. 3c). It has alrready been elucidated
d that
glybuuride, a druug used forr T2D treattment, is ab
ble to inhibbit NLRP3 inflammaso
omes;
moreeover, no diifferences were
w
detecteed between
n the groupss concerning the expreession
of thhis moleculaar complex; therefore, we decideed to classiffy the patieents accordiing to
their therapy, with or withoout glyburidde, observin
ng a decreasse in the rellease of IL--1β in
the monocytes
m
of patients receiving the
t drug (F
Figure. 3d).. In a previious report (19),
simillar levels off AIM2 activation weree observed in
i patients either
e
receivving glyburiide or
not (Figure. 3b).

Figurre 3. Activity of AIM2 and NLRP
P3 in monocytes cultu
ures from T
T2D patients
s and
contrrols subjectts.(a-b) Fresshly isolated monocytes were
w
transfe
ected with syynthetic DNA
A, Poly
(dA:d
dT) (2.5μg/m
mL) using lipo
ofectamine (2.5μg/mL)
(
overnight
o
at 37°C. Likew
wise, (c-d) freshly
f
isolatted monocytes were prim
med with 10 μg/ml LPS and
a then treated or not w
with 5mM AT
TP for
30 minutes
m
at 37
7°C. At the end
e of the inccubation perriod, the leve
els of IL-1β w
were measured in
the cell
c culture supernatants
s
s using ELIS
SA, as state
ed in method
ds section. (a) Effect off Poly
(dA:d
dT) (specific ligand of AIM2) on IL-1
1β release in
n monocytess from health
hy controls (white
bars)) (n=20) and T2D patientss (black barss) (n=15). (b)) Effect of AT
TP (5mM) and nigericin (2
20μM)
on IL-1β release in
i monocytess from health
hy controls (w
white bars) (n=20) and T
T2D patients (black
bars)) (n=15). (b and
a d) The T2D
T
patientss were classiified accordin
ng to use off glyburide (o
or not)
as trreatment forr T2D. Arithmetic mean
n and SD of
o the IL-1β levels in m
monocyte cu
ultures
superrnatants are
e shown. Sta
atistical analyysis was performed usin
ng the two w
ways ANOVA
A with
Bonfe
erroni post hoc test. *P<0
0.05 was con
nsidered sign
nificant.
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Increease in the Cell-Free Mitochond
M
drial-DNA Levels
L
in Seerum from
m T2D Patieents.
The serum leveels of cell-ffree mtDNA
A from patiients and coontrols werre quantifieed via
real-ttime PCR as
a delineateed in the maaterials and methods seection wherre the numb
ber of
mtDN
NA copies//mL in serrum was siignificantly
y higher in the patiennts (Figure.. 4a).
Furthhermore,a correlation
c
a
analysis
waas carried ou
ut between mtDNA coppies numbeer and
biochhemical parameters, as
a a result of which, a positive associationn was observed
betw
ween mtDNA
A copy num
mber and boddy weight and
a body maass index (B
BMI) (Figurre. 4b
and 4c,
4 respectiively). Furthher specifieed was the relationship
r
p between ppro-inflamm
matory
cytokkine levels and mtDN
NA copy number,
n
wh
here a positive association was only
obserrved between mtDNA
A copy numbber and TN
NF-α levels (r=0.5231, p=0.0005) (data
not shown).
s

Figurre 4. Levels
s of cell-fre
ee mtDNA in
n serum off T2D patien
nts and hea
althy contro
ols.(a)
Serum
m levels of cell-free
c
mtD
DNA from T2D patients and
a healthy controls
c
were
e performed using
real time
t
PCR ass depicted in
n material and methods section (a) Correlation analysis bettween
mtDN
NA copies nu
umber and (b
b) weight an
nd (c) body mass
m
index (BMI)
(
valuess. Arithmetic mean
and SD are indicated. Statisstical analyssis was perfformed using the Mann
n–Whitney U test.
*P<0.05 was considered significant. Horizzontal bracke
ets show stattistically sign
nificant differrences
(p<0.05) between
n the means of the indica
ated groups.. (c-d) Correlation analyssis was perfo
ormed
using
g the Spearm
man's correlation test. Correlation coe
efficient (r), n and P value
es are indicatted.

Leveels of Pro-Inflammatoory Interleu
ukins in Serrum.
Finallly, patient and controll serums were tested for
f the presence of IL--12, IL-6, IL-10,
TNF-α, IL-1β, and
a IL-8. Itt was obserrved that thee levels of IL-12, TNF
F-α, IL-10, IL-6,
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IL-8 and IL-1β were
w higherr in patientss with T2D (Figure. 5aa-f), althouggh only IL-1
12p70
I
had siggnificantly elevated
e
levvels comparred to the coontrols.
and IL-8

Figurre 5. Interleu
ukins levels
s in serum frrom T2D patients and healthy
h
conttrols. A cytometric
bead array (CBA) measureme
ent of (a) Intterleukin-12p
p70 (IL-12p70), (b) Tumo
or Necrosis Factor
F
(TNF), (c) Interle
eukin-10 (IL
L-10), (d) In
nterleukin-6 (IL-6), (e) Interleukin-1β
β (IL-1β) an
nd (a)
Interleukin-8 (IL-8
8), concentra
ation in serum from heallthy control subjects
s
or T
T2D patients
s. (a-f)
Arithm
metic mean and SD are
e indicated. Statistical analysis
a
wass performed using the Mann–
M
Whitn
ney U test. *P<0.05 wa
as considere
ed significan
nt. Horizonta
al brackets show statis
stically
signifficant differen
nces (P<0.05
5) between the
t means off the indicate
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fact glyburide inhibits NLRP3 inflammasome activation (21). In this regard, it is worth
remembering that a decrement in K+ levels in the cytosol is required for the activation
of NLRP3 inflammasome (22) and that glyburide is a K+ channel inhibitor that may
reduce the IL-1β release by monocytes from glyburide-receiving patients.Myriad
studies have provided evidence as to the participation of AIM2 inflammasome in
inflammatory diseases such as systemic lupus erythematous (SLE) and arthritis (23,24).
In the present research, the increase in serum glucose and HbA1c, and the augmented
proportions of AIM2+ cells in patients with T2D were observed. Hyperglycemia may
have promoted inflammation through releasing TNF-α, IL-1β and IFN- γ (25,26),
possibly further inducing an increase in the AIM2 expression in monocytes from T2D
patients (27). Likewise, the positive association between AIM2+ cells with triglycerides
and waist-hip ratio suggests that caspase-1 activation by AIM2 may have a role in the
lipid metabolism. The absence of caspase-1 was followed by a decrease in adipose
tissue mass in mice fed with a high fat diet (HFD) (28), and caspase-1-/- mice exhibited
reduced plasma triglyceride levels and hepatic triglyceride secretion (28). In this context,
capase-1 activation is controlled by the AIM2 inflammasome and the increase in the
expression and activity of AIM2 might contribute to the alterations in the lipid
metabolism of patients with T2D. In addition, because the activation of AIM2
inflammasome releases IL-1β which is related to a tendency toward higher abdominal
obesity (29), the association of AIM2 expression with waist-hip ratio might reflect an
increase in IL-1β release by activation of AIM2 inflammasome. Taken together, these
results suggest that the augmentation in the expression and activity of AIM2 in T2D
patients probably leads to caspase-1 activation and IL-1β release, thereby conducing to
metabolic disturbances in T2D. Previous reports have demonstrated an increase in
peripheral blood mtDNA content in patients with T2D nephropathy (30), likewise,
increased mtDNA content in leucocytes was associated with hyperglycemia (31).
However, the present study is the first one to examine circulating cell-free mtDNA in
patients with T2D, which may modulate the production of inflammatory cytokines,
hence the importance of the finding (32). We detected increased levels of mtDNA in the
serum of T2D patients and observed increased levels of pro-inflammatory cytokines,
which is in accordance with previous reports where IL-6, IL-8, TNF-α and IL-12p70,
IL-1β levels were higher in patients with T2D (33). Moreover, it was observed that the
mtDNA copy numbers was associated with the levels of TNF-α. A possible explanation
for this finding is that mtDNA can activate the cell surface Toll-like receptor (TLR)-9
(34) on monocytes and neutrophils, promoting TNF-α synthesis (35,36). On the other
hand, an increase was observed in the expression of TLR-9 in T2D patients (37), a
question to be addressed in futures studies.Herein, we demonstrated that mtDNA copy
number was associated with BMI (marker of adiposity) and body weight, which is
consistent with previous reports in which body weight was associated with mtDNA
content in mononuclear cells (38). Likewise, ours findings are in agreement with studies
demonstrating that the increase in mtDNA content in fat cells is associated with
lipogenesis (39) and those in which the mtDNA content of adipose tissue increases in
obese subjects compared to the lean controls (40). Together, these results suggest that
mtDNA serum levels might be the result of alterations in the content of mtDNA in the
cells during obesity.
Overall, the expression and activation of AIM2, and the increase in circulating mtDNA
levels may contribute to the inflammatory process in patients with T2D.
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