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Abstract

Objective—Chronic kidney disease (CKD) amplifies atherosclerosis, which involves renin-
angiotensin system (RAS) regulation of macrophages. RAS influences peroxisome proliferator-
activated receptor-y (PPARY), a modulator of atherogenic functions of macrophages, however,
little is known about its effects in CKD. We examined the impact of combined therapy with a
PPARY agonist and angiotensin receptor blocker on atherogenesis in a murine uninephrectomy
model.

Methods—Apolipoprotein E knockout mice underwent uninephrectomy (UNX) and treatment
with pioglitazone (UNXx + Pio), losartan (UNXx + Los), or both (UNXx + Pio/Los) for 10 weeks.
Extent and characteristics of atherosclerotic lesions and macrophage phenotypes were assessed;
RAW?264.7 and primary peritoneal mouse cells were used to examine pioglitazone and losartan
effects on macrophage phenotype and inflammatory response.

Results—UNX significantly increased atherosclerosis. Pioglitazone and losartan each
significantly reduced the atherosclerotic burden by 29.6% and 33.5%, respectively; although the
benefit was dramatically augmented by combination treatment which lessened atherosclerosis by
55.7%. Assessment of plaques revealed significantly greater macrophage area in UNX + Pio/Los
(80.7 £ 11.4% vs. 50.3 + 4.2% in UNX + Pio and 57.2 £ 6.5% in UNX + Los) with more apoptotic
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cells. The expanded macrophage-rich lesions of UNx + Pio/Los had more alternatively activated,
Ym-1 and arginine 1-positive M2 phenotypes (Ym-1: 33.6 £ 8.2%, p< 0.05 vs. 12.0 £ 1.1% in
UNX; arginase 1: 27.8 £ 0.9%, p<0.05 vs. 11.8 + 1.3% in UNX). /n vitro, pioglitazone alone and
together with losartan was more effective than losartan alone in dampening lipopolysaccharide-
induced cytokine production, suppressing M1 phenotypic change while enhancing M2 phenotypic
change.

Conclusion—Combination of pioglitazone and losartan is more effective in reducing renal
injury-induced atherosclerosis than either treatment alone. This benefit reflects mitigation in
macrophage cytokine production, enhanced apoptosis, and a shift toward an anti-inflammatory
phenotype.

Keywords
Pioglitazone; Losartan; PPARY; Chronic kidney disease; Atherosclerosis; Macrophage phenotype

1. Introduction

Chronic kidney disease (CKD) increases the risk of cardiovascular disease (CVD) [1-3].
Individuals with early CKD are more likely to develop fatal CVD than to progress to end-
stage kidney disease [4]. These observations are significant because CKD now affects some
10-16% of the population world-wide, a figure that is projected to rise [5,6]. Cardiovascular
mortality in CKD is due to many causes; however, compared with the general population,
atherosclerotic coronary artery disease is persistently overrepresented at every stage of CKD
[7]. Further, although lipid-lowering treatment with HMG-CoA reductase inhibitors (statins)
benefit patients with mild to moderate CKD, a large (50-80%) residual cardiovascular risk
remains [8-10]. This residual risk reaches >90% in individuals with advanced CKD, and
statins do not reduce CAD risk [8-10]. These considerations underscore the urgent need for
additional therapeutic options to reduce CVD in the CKD population.

Previously, we and others have shown that dysregulation of the renin-angiotensin system
(RAS) contributes to the acceleration of atherosclerosis caused by renal injury, and that the
angiotensin Il receptor blocker (ARB), losartan, reduces this effect [11]. Using bone marrow
transplantation from angiotensin Il receptor 1a (AT1a) deficient animals, we also showed
that deletion of macrophage AT 1a lessens uninephrectomy (UNXx)-induced acceleration of
atherosclerosis and alters macrophage phenotype distribution patterns in the lesions [12].

Peroxisome proliferator-activated receptor-y (PPARY) is a member of the ligand-activated
nuclear receptor family with critical functions in energy balance and prominent
atheroprotective effects [13,14]. Interestingly, PPARy has been shown to have a reciprocal
relationship with RAS [15,16]. Pioglitazone, a synthetic selective PPARy agonist used in the
treatment of type 2 diabetes mellitus is reported to reduce CVD [17-20]. The beneficial
effects have been linked to improvement in glucose, lipid and insulin homeostasis, anti-
inflammatory effects [17,18,20] and phenotype modulation of vascular macrophages [21].
Because CKD-accelerated atherosclerosis includes dramatic changes in plague composition
and inflammatory macrophage phenotype [12], the current study examined if the PPARy
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agonist, pioglitazone, can modulate renal injury-aggravated atherosclerosis and mediate a
synergistic anti-atherogenic interaction with the angiotensin Il receptor blocker, losartan.

2. Materials and methods

2.1. Experimental groups

All experiments were done using female apolipoprotein E knockout (apoE~~) mice on a
C57BL/6 background (Jackson Laboratories, Bar Harbor, ME) maintained on normal mouse
chow (RP5015; PMI Feeds, St. Louis, MO) containing 18.9% protein, 11.0% fat, 0.8%
calcium, 0.5% phosphate, and 3.3 1U/gm vitamin D3z. UNx (n = 40) or sham operation
(Sham, n = 10) were performed at 8 weeks of age [11,22]. UNx mice were further divided
into four groups: no treatment, pioglitazone [Takeda Chemical Industries, Osaka, Japan,
0.016% (w/w) in food, n = 10; UNx + Pio], losartan (Sigma—Aldrich, St. Louis, MO, 100
mg/L in drinking water, n = 10; UNX + Los), and pioglitazone together with losartan (n =
10; UNXx + Pio/Los) until sacrifice at 20 weeks of age. Care and experimental procedures
were in accordance with National Institutes of Health and Vanderbilt University Institutional
Animal Care and Usage guidelines.

2.2. Systemic parameters

Blood pressure (BP) was measured biweekly in conscious trained mice using the Bp-2000
blood pressure analysis system (Visitech Systems Inc, Apex, NC) automated tail cuff as
described [23]. The animals were acclimated to the procedure, and the mean values were
based on an average of ten stable readings. Body weight was assessed biweekly. Serum level
of creatinine was measured by HPLC [22]. Serum total cholesterol and triglycerides levels
were determined at the end of the experiment [24].

2.3. Assessment of atherosclerotic lesions

Mice were sacrificed under phenobarbital anesthesia and perfused with PBS through the left
ventricle. The heart, together with proximal aorta, was embedded in OCT and snap-frozen in
liquid nitrogen. Ten pm thick cryosections were cut from the proximal aorta beginning at the
end of the aortic sinus and stained with Oil-Red-O to assess lipid deposition [24].
Quantitative analysis of lesions was performed using Imaging System KS300 (Release 2.0;
Kontron Elektronik GmbH, Poway, CA). To assess necrotic areas in atherosclerotic lesions,
cryosections were stained with Harris H&E (Sigma—Aldrich) as previously described
[22,25,26]. Cellular-stained and acellular areas in intimal lesions were quantified as total
atherosclerotic lesion area. The necrotic core was defined as acellular areas that were also
clear as evidenced by complete lack of staining with H&E in atherosclerotic lesion. As
reported by others [22,25,26], we did not include very small clear areas as these are unlikely
to represent substantial areas of necrosis. The quantification of those areas was obtained by
image analysis software, Imaging System KS300 (Release 2.0; Kontron Elektronik GmbH,
Poway, CA). Percentage of necrotic core areas in the lesions was calculated from the ratio of
necrotic core to total atherosclerotic lesion area. To assess collagen, 5-um thick sections of
proximal aortas were stained with aniline blue, and the collagen-positive area was expressed
as a ratio of aniline-to-total atherosclerotic area [27]. Calcium deposition was assessed on
sections stained by von Kossa as previously described [28]. Immunohistochemistry for
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MCP-1 was assessed (1:200, Novus, Littleton, CO) on 5-um cryosections. Images were
acquired by Nikon ECLIPSE E400 system. The percentage of positive area was analyzed by
AxioVision software (Carl Zeiss, Germany). Apoptosis of macrophages was detected by
TUNEL method (Roche). All images of atherosclerotic area were acquired at 40x
magnification, and fraction of CD68-positive cells assessed.

2.4. Assessment of macrophage content and phenotype in atherosclerotic lesions

Serial, five pm thick cryosections of proximal aorta were fixed in acetone and incubated
with monoclonal rat antibody to mouse macrophages (MOMA-2, Serotec, Raleigh, NC) to
measure macrophage-positive area within atherosclerotic lesions [11,22]. Rat anti-mouse
CD68 (AbD Serotec, UK) and nuclear DAPI were used to stain macrophages. Rabbit anti-
mouse CCR7 and iNOS (BD bioscience, San Jose, CA) were used to stain for M1
macrophage phenotype [29-32], while rabbit anti-mouse Ym-1 (Stemcell Technologies,
Canada) or arginasel (BD bioscience) were used to stain for M2 macrophage phenotype
[33,34]. M1 phenotype staining was assessed on images acquired by Nikon ECLIPSE E400
system and M2 phenotype staining was assessed on images acquired by co-focal microscopy
(Zeiss LSM 510 META Inverted Confocal microscope). The percentage of M1 or M2
subtypes was determined as the ratio of positive cells for each phenotype marker to total
CD68 positive cells [12].

2.5. Macrophage inflammatory reaction in vitro

RAW?264.7 cells (American Type Culture Collection, Manassas, VA) or C57BL6 mouse
peritoneal macrophages harvested by peritoneal lavage 3 days after peritoneal injection of
3% thioglycollate were plated at 20x10%/35-mm well in RPMI1640 containing 10% FBS.
After overnight incubation, macrophages were exposed to lipopolysaccharide (LPS) (50
ng/ml, Sigma—Aldrich, MO), pioglitazone (10 uM, Sigma—Aldrich) and/or losartan (10 uM)
for 24 h. Total RNA was extracted by Genelute mammalian total RNA miniprep Kit (Sigma-
Aldrich). Quantitative real-time PCR was performed using One Step SYBR Plus RT PCR
Kit on a Thermal Cycler Dice Real-time System (TP900, Takara, Shiga, Japan). Primers for
mouse iINOS (MA102694, Takara), CCR7 (MA078789, Takara), TNF-a (Fw:
CATGAGCACAGAAAGCATGATCCG, Rv: AAGCAGGAATGAGAAGAGGCTGAG)
[35], MCP-1 (Fw: CTTCTGGGCCTGCTGTTCA, Rv: CCAGCCTACTCATTGGGATCA)
[36], arginase 1 (MA116062, Takara) and GAPDH (MAO050371, Takara) were used to
quantitate mRNA expression. GAPDH was used as an internal control.

2.6. Statistical analysis

Results are expressed as means + SEM. Differences were determined by one-way ANOVA
(Bonferroni posttest), and p < 0.05 was considered to be significant.

3. Results

3.1. Systemic parameters

Table 1 shows the systemic parameters. There were no differences in body weight or blood
glucose among the groups. In agreement with previous reports [11,37], UNXx caused a
modest but significant increase in serum creatinine and this was not modified by

Atherosclerosis. Author manuscript; available in PMC 2016 April 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

‘Yamamoto et al.

Page 5

pioglitazone or losartan. BP decreased in mice treated with losartan alone and in
combination with pioglitazone. Pioglitazone treatment alone did not affect BP, however total
cholesterol and triglycerides levels increased both in mice treated with pioglitazone alone
and in combination with losartan.

3.2. Atherosclerotic lesions and necrotic area

UNX significantly increased atherosclerotic lesion area as assessed by Oil-Red-O staining of
aortic cross-sections by 67.7% compared to sham (331,385 + 25,020 pm? in UNX vs.
197,670 % 19,131 um? in Sham, p < 0.05). These results are in agreement with previous
findings in this model [11,37] (Fig. 1). Pioglitazone and losartan each significantly reduced
UNXx-dependent atherosclerosis by 29.6% and 33.5%, respectively (233,408 + 17,116 pm? in
UNX + Pio and 220,335 + 24,382 um? in UNXx + Los, both p< 0.05 vs. UNX). The
combination of pioglitazone and losartan provided greater benefit than pioglitazone or
losartan treatment alone with a 55.7% reduction (146,979 + 17046 um?, p< 0.05 vs. UNXx +
Pio or UNX + Los).

Compared with sham-operated mice with intact kidneys, the necrotic lesions of UNx mice
had more than a 3-fold increase in area (9.15 + 1.38% in UNX vs. 2.69 + 0.35% in Sham, p<
0.05). Compared to untreated UNX, all treatment regimens decreased the necrotic area, with
the Pio/Los combination causing the greatest reduction. (4.67 + 1.00% in UNXx + Pio, 5.03
+0.97% in UNX + Los, and 2.98 + 0.89% in UNX + Pio/Los, p< 0.05 vs. UNX, Fig. 2A).
Aortic expression of MCP-1, assessed by immunostaining, was decreased by all treatment
regimens (7.31 £ 0.72% in UNX + Pio, 6.65 £ 1.71% in UNX + Los, and 6.64 + 1.04% in
UNX + Pio/Los, p< 0.05 vs. 12.76 + 0.18% UNX, Supplemental Fig. 1A). Collagen
deposition, assessed by aniline blue staining and compared to total atherosclerotic area of
individual animals was not significantly affected (21.6 + 3.8% in Sham, 23.1 £ 1.4% in
UNX, 18.0 £ 1.7% in UNX + Pio, 21.1 + 1.9% in UNX + Los, 18.6 + 0.8% in UNXx + Pio/Los,
NS, Supplemental Fig. 1B). Also calcium deposition, assessed by von Kossa staining,
showed sporadic staining of the aortic valve and only occasional deposition in the vascular
intima, however, the extent was very slight and not significantly affected by treatment with
pioglitazone, losartan, or the combination (Supplemental Fig. 1C).

3.3. Macrophage phenotype in atherosclerotic lesions

Macrophage-positive area assessed by MOMA-2 immunostaining was dramatically
increased in UNX + Pio/Los mice compared to the other groups (80.7 £ 11.4% in UNX +
Pio/Los vs. 40.9 + 4.5% in Sham, 48.3 £ 5.9% in UNX, 50.3 + 4.2% in UNXx + Pio, 57.2
+6.5% in UNX + Los, p < 0.05 for each comparison, Fig. 2B). The macrophage phenotype
within the atherosclerotic lesions was also affected by treatment. UNX significantly
increased the subtype of macrophages expressing markers of the M1 phenotype, including
CCRY7 (75.2 £ 4.8% vs. 48.5 £ 5.5% in Sham, p < 0.05) and iNOS (61.9 + 4.8% vs. 36.1

+ 4.1% in Sham, p < 0.05) (Fig. 3A and B). The lesions of UNx mice also had fewer cells
with markers of the M2 phenotype, including Ym-1 (12.0 + 1.1% vs. 31.6 £ 1.9% in Sham,
p<0.05) and arginase 1 (11.8 £ 1.3% vs. 26.9 £+ 1.1% in Sham, p < 0.05) (Fig. 3C and D).
In contrast, pioglitazone and losartan treatment reduced M1 phenotype prevalence (CCRY7:
40.3 £ 4.3% in UNx + Pio and 29.1 + 6.0% in UNXx + Los, p< 0.05 vs. UNx; iNOS: 29.5
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+ 2.5% in UNX + Pio and 38.6 £ 3.3% in UNX + Los, p< 0.05 vs. UNX). Although each
intervention numerically increased the M2 phenotype (Ym-1: 26.0 + 1.6% in UNX + Pio and
25.4 + 3.6% in UNXx + Los, NS vs. 12.0 £ 1.1% in UNXx; arginase 1: 21.3 £ 1.8% in UNx +
Pio and 13.6 £ 5.7% in UNX + Los, NS vs. 11.8 £ 1.3% in UNX) (Fig.3A-D), a significant
increase in abundance of the M2 was seen in lesions of animals treated by the combination
of pioglitazone and losartan (Ym-1: 33.6 + 8.2%, p < 0.05 vs. UNX; arginase 1: 27.8 + 0.9%,
p<0.05 vs. UNX) (Fig. 3C and D). The percent apoptotic macrophages, assessed by
TUNEL staining, was significantly increased in UNX + Pio/Los mice compared to untreated
UNXx, UNXx + Los, and UNx + Pio (23.50 + 1.32% vs 3.82 + 1.63%, 9.62 + 0.92%, 9.91

+ 1.89%, Fig. 4)

3.4. Macrophage inflammation and phenotype modulation in vitro

Pioglitazone alone and together with losartan modulated the LPS-induced response of iNOS,
CCR7, TNF-a and MCP-1 expression in RAW264.7 macrophages (Fig. 5A-D) and
thioglycollate-elicited peritoneal macrophages from C57BL/6 mice (Supplemental Fig. 2A—
D). Losartan alone had a smaller effect on cytokine stimulation, iNOS production (Fig. 5A
and Supplemental Fig. 2A), and expression of other inflammatory cytokines in both cell
types (Fig. 5B-D and Supplemental Fig. 2B-D). By contrast, pioglitazone, alone or with
losartan, increased macrophage arginasel mRNA expression in both cell types (Fig. 5E and
Supplemental Fig. 2E).

4. Discussion

We report the novel observation that the PPARy agonist pioglitazone combined with the
ARB losartan inhibit renal injury-induced acceleration of atherosclerosis. The underlying
mechanisms include changes in plaque morphology with enhanced apoptosis and fewer pro-
inflammatory M1 versus more anti-inflammatory M2 macrophages in the atherosclerotic
lesion.

Therapeutic strategies for CKD-induced atherosclerosis targeting traditional risk factors such
as dyslipidemia and hypertension are inadequate [38]. The current study indicates that
pioglitazone inhibits renal injury-induced acceleration of atherosclerosis independent of
blood pressure and glucose levels. These results complement experimental findings that
pioglitazone inhibits acceleration of atherosclerosis in low-density lipoprotein receptor
knockout mice [39,40], and clinical reports that pioglitazone reduces cardiovascular events
in patients with type 2 diabetes and lessens carotid intima media thickness in patients with
impaired glucose tolerance [18,19]. Although those findings suggest therapeutic effects of
pioglitazone on atherosclerosis, the current study is the first to show significant inhibition of
atherosclerosis by pioglitazone in a CKD setting.

The beneficial effect occurred even in the face of higher plasma cholesterol levels, which
rather associate with exacerbation of atherosclerosis. A divergence between systemic lipid
levels and vascular pathology is similar to our results in mice treated with losartan, which
lessened atherosclerosis but did not affect the plasma lipid profile. Together these findings
reiterate the concept that unique, non-traditional risks and local vascular mechanisms drive
atherosclerotic disease in the CKD population. While uninephrectomy increased the extent
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of atherosclerosis, there was little change in abundance of collagen or calcium deposition
which were not affected by the therapeutic interventions (Supplemental Fig. 1). The sporadic
calcium deposition echoes our previous observations in this model but differs from vascular
calcification observed in other studies and may reflect differences in the method of renal
ablation (step-wise removal of renal parenchyma that involved uninephrectomy followed by
removal of two-thirds of the remaining kidney at a later point in the previous studies) and/or
a difference in diet composition (lower levels of vitamin D in the previous studies) that can
affect calcium deposition [41,42]. Further, although we did not observe a change in the
collagen content in the current study, it is possible that as the atherosclerotic process
progresses, therapeutic interventions will impact the plaque composition. Indeed, we have
previously shown that longer treatment with losartan (until 36 weeks as compared to 20
weeks in the current study) increases collagen content in aortic lesions of animals with intact
kidneys [27], raising the possibility that longer treatment may be beneficial in the renal
injury setting. The current study suggests that at this stage of atherogenesis, macrophage
infiltration and changes in their phenotype are the major drivers of atherosclerosis and that
losartan, pioglitazone but especially the combination treatment modulates the process. In
this regard, our previous studies indicate that UNXx potentiates atherogenic processes such as
macrophage foam cell formation by decreasing cholesterol efflux via repression of cellular
ABCAL1 transporter expression [43]. Notably, incubation of human macrophages with the
ARB telmisartan caused an upregulation of ABCA1 and increase in cholesterol efflux via a
PPARYy-dependent pathway [40]. Moreover, macrophage-specific knockout of PPARy
increased atherosclerosis and inflammation in low-density lipoprotein receptor knockout
mice [21]. R6szer T et al. reported that peritoneal macrophages of PPARy knockout mice
have impaired apoptotic cell uptake, i.e., efferocytosis, a function ascribed to the M2
macrophages [44]. On the other hand, pioglitazone was found to increase macrophage
cholesterol efflux by upregulation of ATP cassette binding transporters [45,46]. While there
is abundant evidence that PPARY can affect atherosclerosis through its modulation of
macrophage function, there is very little information on the accelerated atherosclerosis in the
setting of kidney disease. In the current study, we show that one of the beneficial effects of
pioglitazone on UNx-induced acceleration of atherosclerosis occurs through modulation of
macrophage phenotype. Pioglitazone decreased iNOS and CCR7-positive M1 macrophages
in atherosclerotic lesion which was accompanied by reduced necrotic area and MCP-1
expression in aorta (Fig. 2A and Supplemental Fig. 1A). These data complement our
previous study showing that decrease of M1 macrophages is associated with a decrease in
necrotic area in the atherosclerotic lesion [12]. These findings suggest activation of PPARYy
in macrophages may be an attractive strategy for prevention or treatment of CKD-induced
atherosclerosis.

Losartan also inhibited UNx-induced acceleration of atherosclerosis and, similar to
pioglitazone, modulated macrophage phenotype within the lesions (Fig. 3). These findings
echo our previous study showing that macrophage AT1a knockout modulates UNx-induced
acceleration of atherosclerosis increasing the ratio of M1-M2 phenotype [12]. In addition to
the direct impact on macrophages in the lesion, losartan may slow atherosclerosis by
reducing systemic blood pressure. Also, previous reports show it can modulate other
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macrophage functions, including chemotaxis, oxidative stress, and cellular lipid handling
that can bring about atheroprotective effects [11,43].

The current study reveals that the losartan driven reduction of UNx-induced atherosclerosis
is potentiated by pioglitazone (Fig. 1). The synergistic effect is due, at least in part, to a shift
in macrophage phenotype with fewer M1 and more M2 macrophages, an effect that is more
pronounced than with either pioglitazone or losartan alone (Fig. 3). Thus, monotherapy by
RAS inhibition with losartan, PPARy agonism with pioglitazone, as well as the combination
similarly reduces macrophages bearing the M1 markers in lesions compared to
atherosclerosis in untreated mice, e.g., reduction in macrophages bearing M1 markers,
CCRY7 and iNOS as well as aortic expression of MCP-1. Critically, compared to untreated
UNX, only the combination treatment and not losartan alone or pioglitazone alone were
effective in increasing the abundance of macrophages with M2 markers, arginase-1 and
Ym-1. These results underscore that the combination treatment is linked to increased anti-
inflammatory M2 macrophages and also raises potential contributions of other, non-M1/M2
mechanisms modulating atherosclerosis. Indeed, although all interventions increase plaque
apoptosis, the combination therapy increase was statistically greater than UNx, or UNXx +
losartan or UNX + pioglitazone. The observations are in agreement with the recognition that
apoptosis is an integral component in vascular remodeling that accompanied resorption of
atherosclerotic plaque. Arai et al. showed that knockout of AIM (apoptosis inhibitor
expressed by macrophage, also called Spa or Api6) increase apoptosis and lessen
atherosclerosis in low density lipoprotein receptor knockout (LDLR™") mice while
knockout of Bax and p53 decreased apoptosis that was accompanied by increased
atherosclerosis in LDLR™~ and apoE~'~ mice, respectively [47-49]. Further, our previous
studies in LDLR™~ mice reconstituted with fetal liver cells deficient in prostaglandin 4
showed suppressed development of atherosclerosis with increased apoptosis through
mechanisms involving inhibition in the PI3K/Akt and NF-kappaB pathways [50].

A recent report indicates that angiotensin 1l decreases PPARy expression via secretion of
transforming growth factor-p1 and phosphorylation of p38 mitogen-activated protein kinase
and his-tone deacetylase 3 in aortic smooth muscle cells [15]. Taken together, these results
suggest that combining PPARY activation with inhibition of the angiotensin Il receptor
induces a synergic effect that modulates macrophage function in atherosclerotic lesions in
the CKD setting. In this current study, both pioglitazone and losartan treatments reduced the
extent of necrosis within the atherosclerotic lesions, while the combination treatment had the
largest effect. Indeed, the necrotic area in mice on combination treatment was not different
than shams having intact kidneys (Fig. 2A). It is possible that this beneficial effect of
combination treatment on plagque necrosis becomes more important in more advanced stages
of atherosclerosis.

In summary, combining the PPARYy agonist, pioglitazone, together with the ARB, losartan,
reduces renal injury-induced amplification of atherosclerosis by increasing apoptosis and the
ratio of M2—-M1 phenotype macrophages, which leads to a reduction of necrotic plaque.
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Synergistic effects of pioglitazone and losartan, on renal injury-induced acceleration in
atherosclerosis. Apolipoprotein E knockout mice underwent sham operation (Sham, n = 10)
or uninephrectomy (UNXx, n = 40) and were divided into four groups: no treatment (UNX, n
=10), pioglitazone (UNXx + Pio, n = 10), losartan (UNXx + Los, n = 10), and pioglitazone
together with losartan (UNX + Pio/Los, n = 10). Atherosclerosis was assessed on
cryosections from the proximal aorta and stained with Oil-Red-O. **p < 0.05 vs. UNX,

and #p < 0.05 vs. UNX + Pio/Los.
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Pioglitazone and losartan combination lessens necrotic areas in proximal atherosclerotic
lesions and increases macrophage content. Apolipoprotein E knockout mice underwent sham
operation (Sham, n = 10) or uninephrectomy (UNx, n = 40) and were divided into four
groups: no treatment (UNX, n = 10), pioglitazone (UNXx + Pio, n = 10), losartan (UNX + Los,
n = 10), and pioglitazone together with losartan (UNx + Pio/Los, n = 10). Necrotic area
assessed by acellular area in Harris H&E sections (A) and macrophages content assessed by
MOMA-2 staining (B), calculated as ratio with atherosclerotic lesion, respectively. **p <

0.05 vs. UNX.
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Fig. 3.
Pigglitazone and losartan modulate renal damage-induced macrophage phenotype.
Immunofluorescent staining for CCR7 (A), iNOS (B), Ym-1 (C) and arginase 1 (D) assessed
as fractions of total macrophages stained with CD68 in atherosclerotic lesions of mice with
sham-operation or uninephrectomy with no treatment (UNX), pioglitazone (UNXx + Pio),
losartan (UNXx + Los), and pioglitazone together with losartan (UNXx + Pio/Los). **p < 0.05
vs. UNx, and #p < 0.05 vs. UNX + Pio/Los.
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Fig. 4.
Combination treatment with pioglitazone and losartan increased apoptotic macrophages in

proximal atherosclerotic lesions. Apoptoric macrophage in the atherosclerotic lesion
assessed by staining with TUNEL, CD68 and DAPI in atherosclerotic lesions of mice with
sham-operation or uninephrectomy with no treatment (UNX), pioglitazone (UNXx + Pio),
losartan (UNXx + Los), and pioglitazone together with losartan (UNX + Pio/Lo0s).
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Pioglitazone and losartan modulate LPS-induced macrophage M1 phenotypic change and
inflammatory reaction. RAW264.7 macrophages were reacted with LPS (50 ng/ml, n = 4),
LPS and pioglitazone (10 pM) (n = 4), LPS and losartan (10 uM) (n = 4), and LPS and both
pioglitazone and losartan (n = 4) for 24 h. Quantitative real-time PCR for iNOS (A), CCR7
(B), TNF-a (C), MCP-1 (D), and arginase-1 (E) was performed. GAPDH was used as an

internal control. **p < 0.05 vs. UNx, and #p < 0.05 vs. UNX + Pio/Los.
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