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Summary

Aim: Perivascular adipose tissue (PVAT) is in intimate contact with the vessel wall and
extravascular PVAT-derived inflammatory mediators may adversely influence ather-
osclerotic plaque formation and stability through outside-to-inside signaling. We
sought to investigate the role of PVAT on the atheroma development in an experi-
mental animal model of metabolic syndrome (MS) associated with oxidative stress
and low-grade inflammatory state. We also studied the effect of pioglitazone an in-
sulin sensitizer, on the aortic wall and its surrounding PVAT, considering a bi-
directional communication between both layers.

Methods: Apolipoprotein E-deficient mice (ApoE™") were fed with standard diet (CD,
control diet) or fructose overload (10% w/v) (FD, fructose diet) for 8 weeks and
treated with or without pioglitazone the latest 4 weeks.

Results: Biochemical variables show that glycemia and lipid peroxidation deter-
mined by thiobarbituric acid reactive species (TBARS) significantly increased in
FD-fed ApoE™ mice. FD significantly increased aortic PVAT expression of oxida-
tive stress associated genes: p22°"%, Nox1, Nox2, Nox4 and p47°"®, and proin-
flammatory genes: Visfatin, MCP-1, and MMP-9. Pioglitazone diminished
PVAT-oxidative damage elicited by fructose treatment and markedly down-
regulated proinflammatory markers. Even pioglitazone did not prevent the devel-
opment of the aortic atheroma plaques stimulated by FD, significantly diminished
VCAM-1 expression, MMP-9 expression and activity in aortic media wall and sig-
nificantly reduced the accumulation of lipids and macrophages in atheroma
plaques.

Conclusion: Our results support the fact that PVAT contributes to the development
and progression of cardiovascular disease by underlying mechanisms elicited by “out-
side-in” signaling. Treatment with pioglitazone may offer a new effect on the whole

vessel wall, promoting the stability of advanced atherosclerotic plaques.
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1 | INTRODUCTION

Perivascular adipose tissue (PVAT) is the adipose tissue adjacent to
the artery wall, which produces various adipokines, growth factors
and inhibitors with paracrine effects on the adjacent layers of the
vasculature and thus, influencing vascular function and the patho-
genesis of vascular disease.! Pathophysiological conditions such as
obesity, diabetes type 2 (T2D), insulin resistance, vascular injury,
aging, and infection could cause PVAT dysfunction that produces an
imbalance between PVAT-derivate growth factors, leading to vas-
cular proliferative disease, including atherosclerosis, restenosis, and
hypertension.?3

Evidence implicates adipokines derived from adipocytes as
key regulators of the insulin resistance, exerting paracrine, and
autocrine actions involved in cardiovascular disease (CVD).4
Proinflammatory adipokines promote endothelial dysfunction
through mechanisms that are linked to increase reactive oxygen
species (ROS) generation by NADPH oxidase (Nox) system pres-
ent in the vascular wall.’ The “inside-out” model of the pathogen-
esis of atherosclerosis proposes that inflammation begins in the
endothelium and radiates outwards. However, in recent years,
PVAT has been extensively studied as responsible for initiating in-
flammation (“outside-in model”).® Given the absence of separating
lamina between PVAT and the associated vasculature, inflamma-
tory mediators, adipokines, and PVAT-derivate ROS can actively
communicate with the vessel wall and regulate vascular function.
Pioglitazone is a thiazolidinedione (TZDs), a selective agonist
of peroxisome proliferator-activated receptor gamma (PPAR- y)
used in the treatment of T2D, which works by decreasing insulin
resistance in the periphery and in the liver by increasing glucose
disposal.” An initial link between PPAR- y and atherosclerosis was
proposed based on the presence of these receptors in atheroscle-
rotic plaques‘8 In vascular endothelial cells, activation of PPAR- y
inhibits endothelial inflammation by suppressing the expression of
inflammatory genes, and therefore improves endothelial dysfunc-
tion.” In vascular smooth muscle cells (VSMCs), PPAR-y activation
inhibits proliferation and migration and promotes apoptosis.*°
In macrophages, PPAR-y suppresses inflammation that regulates
gene expression and cholesterol absorption and increases choles-
terol efflux.! In vitro studies PPAR agonists reduce gene expres-
sion and secretion of proinflammatory cytokines, including tumor
necrosis factor (TNF), interleukin (IL) -1 and IL-6,'2 and can reduce
atherosclerosis by lowering the adhesion of monocytes to the vas-
cular wall.’® TZDs have a beneficial effect against ROS,™ inflam-
mation, and deregulation of adipokines,15 however, its actions in
aortic PVAT remains to be ascertained.

The aim of this study was to investigate in an experimental ani-
mal model of metabolic syndrome (MS) the role of PVAT on the ath-
erogenesis and atheroprogression. We also addressed the effects of
pioglitazone (PIO) on a bi-directional communication between the
aortic wall and the surrounding PVAT. Our hypothesis is that a cross

talk between aortic PVAT and the underlying vasculature induces

a prooxidant and proinflammatory state that impact on the ather-
oma development, and the use of pioglitazone could contribute to

reverse this proatherogenic state.

2 | MATERIALS AND METHODS

2.1 | Ethical approval

All animals were cared for in accordance with the Guiding Principles
in the Care and Use of Animals of the US National Institutes of Health
(NIH). All procedures were approved by the Animal Research
Committee of the National University of Cuyo (N° 38/2014, School

of Medical Science, Mendoza, Argentina).

2.2 | Experimental protocol

Male C57/BL6J ApoE’/’ mice, 2 months old (Jackson Laboratories,
United State) were used for this study. The animals were maintained
in a 22°C room with a 12-hours light/dark cycle, received drink-
ing water ad libitum, and were fed with standard commercial chow
(GEPSA, Argentina) diet. Animals were randomly divided into four
groups (n = 8): (1)-control mice (Control diet, CD), with free access
to tap water; (2)-fructose diet (FD) mice receiving fructose 10%
(w/v) (Parafarm, Buenos Aires, Argentina) in their drinking water
during 8 weeks, (3)-control mice treated with pioglitazone (PIO)
(Pfizer; 20 mg/kg of body weight per day) in drinking water the
last 4 weeks of protocol and (4)—ApoE_/' mice with FD treated with
pioglitazone (FD-PIO) the last 4 weeks of protocol. This same pro-
tocol was repeated three times independently. Body weights were
recorded weekly and blood was collected by cardiac puncture prior
to euthanasia.

2.3 | Biochemical determinations

At the end of the experimental period, after 4 hours fasting, mice
blood samples were collected from cheek puncture. The plasma glu-
cose, cholesterol, and triglyceride concentrations were determined
using commercial kits by enzymatic colorimetric methods (GT Lab,
Buenos Aires, Argentina). Plasma malondialdehyde (MDA) was de-
termined as an indicator of lipid peroxidation in terms of thiobarbitu-
ric acid reactive substrates (TBARS).

2.4 | Histomorphometric studies

Mice were euthanized by cardiac puncture under anesthesia and
their aortas were perfused- in situ with chilled PBS. The extent
of Oil Red O-stained atherosclerosis plaque in the aortic arch re-
gion up to the abdominal aorta was quantified using computer-
ized morphometry. PVAT was isolated from the aorta, including
arch, ascending, and descending thoracic aorta up to abdominal
aorta. The clean remaining aorta was used when aortic tissue is

mentioned.
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2.5 | Quantitative reverse transcription-polymerase
chain reaction (RT-PCR) analysis

Total RNA was isolated with Trizol (Invitrogen) from surrounding
perivascular adipose tissue (PVAT) and clean aortic tissue. 1 pug of
total RNA was reversed transcribed, using random primer hexam-
ers (Biodynamics, SRL) and M-MLV reverse transcriptase (Promega).
Real-time qPCR was performed with cDNA samples and EVA Green
(GenBiTech, Argentina) using a Rotor-Gene 6000 Series Software
version 1.7 (Corbett). All samples were amplified in triplicate. The
relative changes in the amount of transcripts in each sample were
determined by normalizing with actin mRNA levels. The mRNA levels
were expressed as a ratio, using delta-delta method for comparing

relative expression results between treatments.

2.6 | Determination of tissue Nox-derived
superoxide and vascular oxidant level

Tissue O, was calculated from the initial linear rate of SOD-
inhibitable cytochrome C reduction quantified at 550 nm using
the extinction coefficient of 21.1 (mmol L) ™ cm™ as previously
described.*® Briefly, isolated PVAT were homogenized in buffer
containing 8 mmol L! potassium, sodium phosphate buffer, pH
7.0, 131 mmol L' NaCl, 340 mmol L™? sucrose, 5 mmol L'! MgCI2,
1 mmol L'* EGTA, and protease inhibitors (Roche); and centrifuged
at 10 000 rpm for 15 minutes at 4°C to remove unbroken cells, nu-
clei and debris. The assay of the supernatant was carried out using
acetylated cytochrome C (0.2 mmol L Sigma-Aldrich), in buffer
containing catalase (300U/mL) to prevent reoxidation of reduced
cytochrome C by H,O,. After 5minutes baseline measurement,
NADPH (180 pmol L'Y) was added and O, production was meas-
ured at 550 nm using a UV-visible spectrophotometer (Mutiskan FC,
Thermo Fisher). Superoxide production is expressed as nmoles O,

min/mg protein using the extinction coefficient.

2.7 | Western blot analysis

Snap-frozen arterial wall or PVAT were pooled (n =4 each group)
for the preparation of whole cell extracts in ice-cold lysis buffer and
electrophoretically separated on 10% acrylamide/Bis-acrylamide
gels. Blots were incubated at room temperature with blocking so-
lution (4% nonfat dry milk in PBS containing 0.1% Tween-20) for
30-40 minutes, followed by 1 hour incubation with the following
primary antibodies: Anti visfatin (Santa Cruz Biotechnology 1/200),
anti MMP-9 (Sigma Aldrich, St. Louis, MO, USA, 1/100); anti actin
(Santa Cruz Biotechnology 1/200, sc-3035), and anti tubulin (Santa
Cruz Biotechnology 1/200, sc-8035).

2.8 | MMP-9 activity by gelatin zymography

Soluble protein extracts were obtained by pulverizing 4 aortas from
each treatment in liquid nitrogen, placed in lysis buffer without pro-
tease inhibitors and centrifuged at 21 000 g for 20 minutes at 4°C.

Therapeutics

Then, protein quantification was performed by Bradford method
and samples were diluted with a buffer containing 12.5% 0.5 mol
L™ Tris HCI pH 6.8, 10% glycerol, 4% SDS, and 0.05% bromophenol
blue, without mercaptoethanol to avoid denaturation and maintain
the biological activity. Gelatin zymography was performed using an
8% SDS-polyacrylamide separating gels with 1% of gelatine (30%
bis-acrylamide, 1.5 mol L' Tris HCL pH 8.8, 10% ammonium persul-
fate, 0.04% TEMED, 10% SDS). Electrophoresis was carried at 4°C
using a constant current of 20 mA during 3 hours. Then, gels were
washed twice in 2% Triton-x 100 for 15 minutes and three times
with distilled water, incubated on buffer (Tris 0.25 mol L'}, CaCl2
25 mmol L%, NaCl 1 mol L%, pH 7.6) for 48 hours at 37°C, stained
with 0.1% Coomassie brilliant blue, 40% methanol and 10% acetic
acid, for 1 hour, under gentle shaking, and distained for 20 minutes
with 25% ethanol/8% acetic acid solution. Gels were photographed
and the enzyme gelatinolytic activity was determined by densitom-
etry and analyzed with Image J Software. Collagenase was used as
a positive control.

2.9 | Features of plaque stability

Aortic arch samples embedded in paraffin were sectioned in mi-
crotome and stained with Masson’s trichrome, photographed and the
lipid core area was determined by quantifying acellular area (white
area), which also contains cholesterol crystals. Macrophages were
determined by immunohistochemistry of aortic arch sections, incu-
bated with rabbit CDé8-antibody (Biolegend) over-night, followed
by secondary peroxidase-labeled antibody (Jackson) for 30 minutes.
A computer-assisted morphometric analysis system (Image-J) was
used for histopathological slides analysis.

2.10 | Statistical analysis

Results are reported as mean + SEM Analyzes were performed by
two-way ANOVA and Tukey’s post hoc test or by student’s t test
using GraphPad Prism-6 software. Differences are considered sig-
nificant if the P value is less than to .05.

3 | RESULTS

3.1 | Effect of pioglitazone on biochemical variables
and lipid peroxidation

We first analyzed the effect of PIO on biochemical variables such as
glucose, cholesterol, and triglycerides plasma levels of ApoE_/_ mice
treated with fructose (Fructose Diet, FD; Table 1). FD increased glu-
cose plasma levels significantly compared with control diet group
(CD) and treatment with PIO significantly decreased glycemia in
FD-fed ApoE™™ mice. Cholesterol and Triglycerides were not modi-
fied by any treatment. To determine lipid peroxidation products,
as indicative of oxidative stress, thiobarbituric acid-reacting sub-
stance (TBARS) were quantified (Table 1). Fructose administration
significantly increased plasma concentration of TBARS compared
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TABLE 1 Average plasma glucose, lipid

oiin=t (0=t e I levels and TBARS in ApoE'/' mice fed
Glucose (mmol L) 49+0.5 9.8 £ 0.3*** 58+0.3% 41+0.2% control diet or fructose diet with/without
Cholesterol (mg/dL) 279 +25 347 +21 351 + 23 272 +17 pioglitazone
Triglycerides (mg/dL) 159 + 20 162+ 17 149+ 9 166 +13
TBARs (mmol L'?) 1.31+£0.15 243 +0.18** 1.32 + 0.10* 1.49 + 0.23*

Values are mean + SEM.
*** p= 0007, ** P =.01 vs control diet (CD); ¥ P < .01 vs fructose diet (FD).

to control diet and this effect was significantly decreased by PIO.
Increases in body weight were similar between all groups during the

8 weeks protocol (Appendix S1).

3.2 | Effect of pioglitazone on aortic PVAT

Considering the hypothesis that the formation of the atheroma
plaque could be formed “outside in,” that is, the release of proinflam-
matory adipokines together with the increase of oxidative stress in
the PVAT would impact on the underlying layers of the artery wall,
we decided to analyze the oxidative and inflammatory state in aortic
PVAT.

3.3 | Pioglitazone reduces prooxidant state in PVAT

Given that NADPH oxidase contributes to basal vascular superox-
ide production, we first analyzed the oxidative state of PVAT by
determining Nox-derived superoxide anion (O,7) by cytochrome
C in homogenized PVAT and also NADPH oxidase subunits genes
expression. We found that FD increased significantly the Nox-
derived superoxide anion (02') in PVAT after NADPH stimulation,
suggesting the involvement of oxidative stress in our metabolic
syndrome (MS) model. Four weeks treatment with PIO signifi-
cantly reduced O,  generation, in ApoE™™ mice PVAT fed with
FD (Figure 1A). To elucidate the molecular mechanisms involved
in the reduction of O, in PVAT mediated by PIO, we evaluated
the mRNA expression of different NADPH oxidase subunits. We
showed that high fructose diet upregulated Nox1, Nox2, Nox4,
p22°h%% and p47°"° in PVAT (Figure 1B). Four weeks pioglitazone
treatment in fructose-fed animals could significantly diminish
mRNA levels of these genes. These set of results suggest that pi-
oglitazone is able to diminish oxidative stress in aortic PVAT and
therefore could diminish the paracrine oxidative effect on the un-

derlying aortic tissue.

3.4 | Pioglitazone reduces proinflammatory markers
expression in PVAT

Inflammation in PVAT is closely linked to the development of
atherosclerosis,’” therefore, we examined the effects of pioglita-
zone on PVAT proinflammatory markers expression. We choose
MCP-1 as an inflammatory factor, which accelerates the progress

of atherosclerosis and plaque instability through the recruitment

of macrophages and monocytes,’®* MMP-9 as a potential effector
molecule capable of degrading stromal tissue and play an important
role in atherosclerosis and plaque instability,19 and Visfatin, a cy-
tokine first identified as a growth factor derived from PVAT, which
has proinflammatory properties associated with CVD and acute
coronary syndromes.°

We found that high fructose diet induced a strong increase in
MCP-1 expression and significantly raise the expression of MMP-9
and visfatin compared to control diet-fed mice, and pioglitazone
reversed almost completely the effects produced by fructose diet
(Table 2). We determined the protein expression of visfatin by west-
ern blot, in PVAT from FD ApoE™" mice treated with or without
PIO, and found a significantly diminished expression of FD-induced
visfatin, triggered by PIO (Figure 2A). Our results suggest that the
antiinflammatory effect of PIO results in a beneficial effect on the
PVAT and therefore, less inflammation mediators could impact the
underlying vasculature.

3.5 | Effect of pioglitazone on aortic wall

To determine whether the decrease in oxidative stress and proin-
flammatory adipokines expression in PVAT produced by PIO could
have beneficial effects on the aortic wall, we decided to evaluate
the development of the atherosclerotic plaque. First, we measured
in the aortic wall by real-time gRT-PCR (Figure 2B) and western
blot (Figure 2C), the expression of vascular cell adhesion molecule
(VCAM)-1, an inducible protein released by the activated endothe-
lium. We found that VCAM-1 expression increased significantly in
FD ApoE’/’ mice compared to controls. This effect was reversed by
PIO treatment, suggesting that the antiinflammatory effect of PIO
results in a beneficial effect on the aorta endothelial layer. We then
quantified the lesion area of the atheroma plaques in the aortas of
FD ApoE_/_ mice. Eight weeks high-fructose diet triggers the devel-
opment of atheroma plaque compared to control, as reported in our
previous studies where the MS animal model was characterized?>?2,
but nonsignificant changes were observed in the size of atheroscle-
rotic plaques in mice treated 4 weeks with PIO (Figure 3A). As PIO
was not sufficient to inhibit atheroma development in this MS model,
we wonder if the generated plaques exhibited equal characteristics
as those without PIO treatment. We measured plaque stability by
analyzing protein expression of MMP-9 in aortas homogenates, by
western blot and determined MMP-9 activity by gelatine zymog-
raphy. PIO significantly inhibited FD-induced MMP-9 expression
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Fold change
(o)}

#p=.001;"%P=.02vs FD NOX1 NOX2 NOX4 p22phox p47phox

TABLE 2 Effect of pioglitazone on Fold ch

inflammatory-related genes in PVAT old chanse
Markers CD (n=8) FD (n=8) FD+PIO (n = 8) PIO (n = 8)
MCP-1 1.00+0.18 12.24 + 0.43*** 2.45+0.57* 0.83+0.16"
MMP-9 1.00+0.04 1.95 +0.15* 0.88 + 0.04* 1.06 +0.13*
VISFATIN 1.00+0.33 3.52 +0.43** 1.62 +0.04* 1.23 +0.28"*

mRNA expression determined by qRT-PCR was analyzed in PVAT from ApoE™™ mice (n = 8) treated
with control diet (CD), or fructose diet (FD) with or without pioglitazone (P10). Gene expression level
of the measured genes in CD was set as 1. The corresponding ACt values are means + SEM. (for
normally distributed data).

*Pp=.02;**P=.01; *** P=.0001 vs CD; * P=.01 vs FD.

(Figure 3B). MMP-9 activity was enhanced by fructose-rich diet
and this effect was inhibited by PIO (Figure 3C). To investigate the
precise effect of PIO on plaque stability, the levels of lipid core and
macrophages in plaques were detected. Masson’s trichrome staining
of aortic plaques revealed a significant decrease in lipid core area
in PIO treated FD- ApoE/’ mice when compared with nontreated

FD ApoE”” mice (21.53% +4.03% vs 9.98% +2.15% P =.0003;
Figure 3D). Similarly, P1O treated fructose-fed ApoE™”” mice showed
less macrophage-positive area in aortic plaques when compared to
that of FD ApoE™™ mice (P = .004; Figure 3E) Our results suggest that
PIO could maintain the stability of atherosclerotic plaques decreas-

ing the factors involved in the breakdown of the atheroma plaques.
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4 | DISCUSSION

The cross talk between PVAT and the underlying vasculature
is highly reported.®>?*27 The lack of an anatomical separation
between these layers promotes paracrine communications
among them. For many years, it was considered that the onset
of pathogenesis of atherosclerosis was in the inner layers of
the vasculature, but more recently it has begun to consider that
the adventitia could also be the initiator of the inflammatory
and oxidative processes and that could impact the inner layers.
According to Fuster et al the microenvironment of adipose tissue
will affect the adipokine secretome, having actions on remote
tissues, and adiposopathy in obese individuals is ultimately the
consequence of a dysfunctional remodeling of the adipose tis-
sue.?® In any case, still is unknown what comes first and it seems
probable that a bi-directional cross talk between PVAT and the
underlying vasculature occurs. Antonopolus et al showed that
this bi-directionality exists because PVAT senses oxidation prod-
ucts (or ROS), derived from underlying artery wall, and responds
by increasing the expression of antiinflammatory adiponectin,
which in turn decreases NADPH oxidase-derivate ROS, down-
regulating p22phox.2? In this way, authors suggest the existence
of a local protection mechanism to prevent vascular oxidation.
Considering this phenomenon, we analyzed the expression of ox-

idative stress-related genes and proinflammatory genes in PVAT

**P=.001

and arterial tissue obtain from a metabolic syndrome (MS) animal
model, and evaluated the effects of PIO, an insulin sensitizer, on
both interconnected layers of the aorta. In the treatment of MS,
changes in lifestyle are the recommended initial therapy and,
if this is insufficient, drugs may be indicated for individual risk
factors.’® Hyperglycemia in the MS is controlled according to
the American Diabetes Association, with metformin as the first
choice, and in the event that metformin does not work, PIO is
being a second choice drug. Recent evidence appears to show
that in patients with nonalcoholic fatty liver disease (NASH) and
prediabetes or diabetes type 2 (T2D), PIO has the greatest treat-
ment effects.3? It targets not only liver histology, but also the
underlying metabolic disturbances; in particular insulin resist-
ance.%? Histological improvement after PIO therapy is closely
correlated with the reversal of adipose tissue insulin resistance
and an increase in plasma adiponectin levels so early addition
of PIO to the antidiabetic regimens should be considered after
metformin therapy.®®

In our study, PVAT from FD-fed ApoE™™ mice showed a mis-
balance in oxidative state evidenced by an increase of superoxide
anion levels detected by cytochrome c assay and by the upregula-
tion of various Nox genes subunits. In agreement with our results,
Juha et al reported an upregulation of NADPH oxidase expression
in PVAT of obese mice.®* We also found that these effects trig-

gered by high fructose diet were reversed by P1O, which decreased
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FIGURE 3 Effect of pioglitazone on atherosclerotic lesion in ApoE-/- mice. A, Atheroma development in the whole aorta (aortic arch

up to abdominal aorta) was quantified by computerized morphometry. ApoE™™ mice were fed control diet (CD) or fructose diet (FD) during

8 wk and treated with or without PIO during last 4 wk. Arteries were stained with Oil red O and results represent the % area of lesion

area relative to control group * P < .01, ** P < .001, *** P < .0001. B, Expression of MMP-9 determined by western blot in aorta arteries
homogenates from ApoE™~ mice fed with control diet (CD), fructose diet (FD) during 8 wk and treated with or without pioglitazone (PIO)
during last 4 wk. Tubulin protein was used as control for relevant quantification. Results are means + SEM, from three independent
protocols. ** P < .001. C, MMP-9 activity was measured by gelatine zymography in aorta arteries homogenates (pools from different animals;
n = 4). The enzyme gelatinolytic activity was determined by densitometry and analyzed with Image J Software. Collagenase was used as a
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aortic plaques in ApoE’/’ fructose-fed and treated with or without PIO. Results, expressed as % plaque area, are means + SEM, ** P < .01

superoxide anion levels and down regulated mRNA Nox subunits.
In accordance with our results, it was reported that PIO down-
regulated Nox subunits p22°" and p47°"* in rat mesangial cells
cultured in a high glucose medium,*® and reduced renal p47°ho
expression and MDA levels, induced by chronic high fat, sucrose
diet, and sodium intake.® The increase of oxidative stress in the

PVAT would impact on the underlying layers of the artery wall
and would contribute to the formation of the atheroma plaque.
Brown et al discussed the accumulated knowledge regarding the
roles of PVAT on the development of atherosclerosis, which in-
dicate dual effects: proatherosclerotic and antiatherosclerotic.?
Thermogenic properties of PVAT may reduce plasma triglyceride
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levels, leading to reduced atherosclerosis, however high fructose
intake in animals elicits inflammation of PVAT which is relevant
to atherosclerosis.®’” These paradoxical effects nevertheless
suggest that PVAT may be an attractive target for atherosclero-
sis interventions. The inflamed PVAT, characterized by macro-
phages infiltration, induces deregulation of adipokines expression
and secretion, leading to insulin resistance and endothelial dys-
function. An increase of MCP-1 mRNA levels in PVAT of obese
mice induces by 8 weeks high-fat diet consumption has been re-
ported.34 We found that PVAT from FD-fed mice was markedly
inflamed, evidenced by an increase in MCP-1, MMP-9, and visfatin
expression, which stimulate vascular smooth muscle cell prolifer-
ation and, in consequence, contribute to atherogenesis.38 In our
study, PIO was shown to have an antiinflammatory effect on a
dysfunctional PVAT, induced by fructose diet in hypercholester-
olemia mice, downregulating MCP-1, MMP-9, and visfatin mRNA
levels. Although, in our experimental conditions, PIO did not af-
fect atherosclerotic plague development, perhaps due to the ad-
ministration time of the drug; it turns out that PIO protects from
endothelial dysfunction, downregulating VCAM-1 expression and
promoting the stability of atherosclerotic lesions by decreasing
the expression and activity of MMP9, and reducing macrophage
and the lipid core in aortic plaques.

In summary, our results reaffirm that a cross talk between PVAT
and vascular layers seems to be crucial in maintaining the normal
function of the large arteries. Pioglitazone not only reduces tradi-
tional cardiovascular risk factors, but also modulates the functions

of the different layers that compound the vascular wall.
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