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Figure 2.14. DN PPARY causes decreased Cullin-3 and Nedd8-Cullin-3.

(A) Expression of Cullin-3 and Nedd8-Cullin-3 protein or Cullin-3 mRNA in medial
aortic tissue from S-P467L and NT mice determined by Western blot (n = 8) and qPCR
(n = 4), respectively. (B) Protein levels of Cullin-1 and Nedd8-Cullin-1 protein (n = 6).
(C) Protein levels of Cullin-3 substrates RhoA and Cyclin E (n =5). * p < 0.05 S-P467L
vs NT. Error bars represent SEM.
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Figure 2.15. siRNA-knockdown of Cullin-3 increases RhoA in rat aortic smooth muscle
cells.

(A and B) Primary rat aortic smooth muscle cells treated with negative control siRNA or
treated with 2 different siRNAs targeting Cullin-3 were assessed for expression levels of
Cullin-3 protein (A) and Cullin-3 substrates RhoA, RhoBTBI1, and Cyclin E (B) by
Western blot (n = 4-6). U = untreated, ncl = negative control siRNA, sil = Cullin-3
siRNA #1, si2 = Cullin-3 siRNA #2. * p < 0.05 Cullin-3 siRNA-treated vs NC1 siRNA-
treated. Error bars represent SEM.
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Figure 2.16. MLN4924 inhibits cullin neddylation and causes RhoA accumulation in rat

aortic smooth muscle.

Primary rat aortic smooth muscle cells treated with MLN4924 (1 uM) or DMSO over a
time-course of 24 hr. Protein lysates were assessed for Cullin-3, Cullin-1, Nedd8 and
RhoA (n =4). U = untreated, V = vehicle (DMSO, 24 hr). * p <0.05 MLN4924-treated

vs. vehicle-treated.
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Table 2.1. Blood analysis of metabolic parameters.

pCO, PO, BE HCO, TCO, 50, Lactate Glu
pH (mmitg) (mmig (mMD) (mM) (md) e (mbD) (mg/dL)
727 4648 3967 | -517 | 2147 | 2283 65.50 7.25 187.17
ol +0.03 +1.66 288 | +£218 | £174 | +174 | 348 129 | 1746
s 7.25 4771 3638 | -638 | 2105 | 2238 | 5938 6.52 188.63
P467L | 4p02 +1.94 £203 | +156 | #£122 | £131 £2.90 £0.73 +8.09

Na K cl iCa BUN Crea Het Hb AnGap
(mM) (mbY) M)  (mM) (mg/dl) (mg/dl) @EPCY) (gdl) (M)
149.00 6.03 12014 | 112 | 2386 0.28 4443 1511 17.00
+087 | 012 | +142 | 007 | 091 002 | 2065 | 022 | £1.59

S. 148.25 5.83 11838 | 112 | 207s 0.28 4388 14.93 1725
PA67L | 1116 | 2007 | 2075 | 2005 | 2056* | +0.02 044 | 2015 +1.66

Note: Cheek puncture blood samples from non-fasted mice were analyzed using i-STAT
system CG4+ and CHEMS&+ cartridges (n = 7-8). BE, base excess; Glu, glucose; iCa,
ionized Ca; BUN, blood urea nitrogen; Crea, creatinine; Hct, hematocrit; Hb,
hemoglobin; AnGap, anion gap. This experiment was performed in conjunction with Dr.
Justin Grobe. * p <0.05 S-P467L vs NT. Error values represent SEM.
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CHAPTER 3
DOMINANT NEGATIVE PPARy PROMOTES ATHEROSCLEROSIS
THROUGH DISTINCT EFFECTS IN VASCULAR ENDOTHELIUM AND SMOOTH

MUSCLE

Abstract

Agonists of the nuclear hormone receptor peroxisome proliferator-activated
receptor Y (PPARY) have potent insulin-sensitizing effects and inhibit atherosclerosis
progression in patients with type II diabetes. Conversely, missense mutations in the
ligand-binding domain of PPARy (e.g. V290M, P467L) that render the transcription
factor dominant negative (DN) cause early-onset hypertension and type II diabetes. Here
we assess the effects of DN PPARy-mediated interference of endogenous wild-type
PPARy in the vasculature during atherosclerosis using transgenic mice. Endothelial-
specific expression of DN PPARY on the apolipoprotein E-deficient (ApoE'/') background
unmasked significant impairment of endothelium-dependent relaxation in aortic rings,
increased systolic blood pressure, altered expression of atherogenic markers (e.g. Cd36,
Mcpl, Catalase) and enhanced diet-induced atherosclerotic lesion formation in aorta.
Smooth muscle-specific expression of DN PPARY, which induces aortic dysfunction and
increased systolic blood pressure at baseline, also resulted in enhanced diet-induced
atherosclerotic lesion formation in aorta on the ApoE” background that was associated
with altered expression of a shared, yet distinct, set of atherogenic markers (e.g. Cd36,
Mecpl, Osteopontin, Vcaml). These data demonstrate that inhibition of PPARY function
specifically in the vascular endothelium or smooth muscle may contribute to

cardiovascular disease.
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Introduction

Risk factors for cardiovascular diseases encompass many components of
metabolic syndrome, including hypertension, obesity, diabetes, and atherosclerosis (157).
The nuclear hormone receptor PPARY plays critical roles in each of these areas of
metabolism and cardiovascular regulation. PPARYy transcriptional activity is controlled
by ligand binding. Thiazolidinedione (TZD; glitazone) drugs, high-affinity agonists of
PPARy, improve insulin-sensitivity, reduce blood pressure and inhibit atherosclerosis
progression in patients with type II diabetes (5;158). As observed in the CHICAGO
(Carotid Intimal-Medial Thickness in Atherosclerosis using Pioglitazone) (159) and
PERISCOPE (Pioglitazone Effect on Regression of Intravascular Sonographic Coronary
Obstruction Prospective Evaluation) (53) trials, intravascular ultrasound imaging
revealed that treatment with the TZD pioglitazone was effective in decreasing carotid
intima-media thickness and coronary atheroma volume. Likewise, TZD treatment
attenuates atherosclerotic lesion formation in aorta and aortic root of apolipoprotein E
(ApoE)- and low density lipoprotein receptor (LDLR)-deficient mouse models of
hypercholesterolemia (67-69;160).

Because PPARy is expressed in monocytes/macrophages, T lymphocytes,
vascular endothelial cells and smooth muscle cells (158;161), the major cell types that
comprise atherosclerotic lesions, TZD treatment may influence progression of
atherosclerosis through activation of PPARy in the arterial wall. Despite the anti-
atherosclerotic effects of PPARy activation, TZD treatment is also associated with
adverse effects including increased incidence of systemic edema, making them

contraindicated for patients with heart failure (59;60;162). It remains unclear to what
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extent the anti-atherosclerotic effects of TZD treatment are due to changes in systemic
metabolism as opposed to direct activation of PPARy within the vasculature. It is also
unclear if, or how, direct actions of PPARY within the arterial wall affect plaque size or
composition.

The observation that TZDs exert some cardiovascular protective effects is paired
with genetic evidence indicating that subjects who carry dominant negative (DN)
mutations in the ligand-binding domain of PPARy (e.g. V290M and P467L) develop
early-onset type II diabetes and hypertension (7;37). V290M and P467L mutations
destabilize the carboxy-terminal ligand-binding region of PPARY, resulting in impaired
basal and agonist-induced transcriptional activity (7). The DN mutant receptors inhibit
wild-type PPARYy transcriptional activity, thus mediating repression of many PPARy
target genes (38;140). To directly test the role of PPARy in blood vessels, our group
generated transgenic mouse models that have targeted expression of WT or DN PPARy
in the vascular endothelium or smooth muscle.

We reported that transgenic mice that express DN PPARY under control of the
endothelial-specific vascular endothelial cadherin (Ve-cad) promoter (E-V290M or E-
P467L mice) exhibited normal endothelial function in the basilar artery and aorta and
normal blood pressure (102). Consistent with the role of PPARy as a lipid sensor,
endothelial PPARY appears to play a protective role against the harmful effects of a high-
fat diet (98;102). High-fat diet feeding unmasked impairment of endothelium-dependent
vasodilation in basilar artery and aorta from E-V290M and E-P467L mice through a
mechanism involving oxidative stress, whereas non-transgenic (NT) controls were not

affected (102). In contrast, transgenic mice that express DN PPARy under control of the
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smooth muscle-specific smooth muscle myosin heavy chain (SMMHC) promoter (S-
V290M or S-P467L mice) displayed a significant increase in systolic blood pressure and
impaired nitric oxide-mediated relaxation in aorta through a RhoA/Rho-kinase-dependent
mechanism (106).

In the current study, I assessed the consequences of vascular-specific PPARy
interference in the context of atherosclerosis by crossing the transgenic mouse models to
the ApoE-deficient model of hypercholesterolemia. On the ApoE™ background, vascular
endothelial- or smooth muscle-specific expression of DN PPARy caused increased
atherosclerotic lesion area in response to the atherogenic Western diet. Expression of DN
PPARY in the endothelium versus the smooth muscle produced differential effects on
gene expression, vascular function and hemodynamics. These findings advance our
understanding of the vascular tissue-specific contributions of PPARY in the pathological

process of atherosclerosis.

Methods
Transgenic Mouse Models

Generation of transgenic mice (S-P467L and E-V290M) and confirmation of
tissue-specificity of transgene expression is described previously (102;106). ApoE™
mice were obtained from The Jackson Laboratory and a breeding colony is maintained by
our laboratory in Towa. S-P467L transgenic mice, E-V290M transgenic mice and ApoE™
mice have been maintained by backcross breeding to CS57BL/6J for at least 10
generations. Mice from the S-P467L transgenic line or the E-V290M transgenic line
were crossed for two successive generations to ApoE” mice. Genotyping on the human

PPARy transgene and Apoe alleles was performed by PCR of tail DNA using the
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following primers: S-P467L transgene: 5’-TATCTTCTAACTGGGTGGTGGTG-3" and
5’-GAGGAGAGTTACTTGGTCGTTCA-3’; E-V290M transgene: 5’-
CAGCTCACAAAGGAACAATAACAG-3’ and 5’-CTCCATAGTGAAATCCAGAAG-
3’ Apoe gene: 5’-GCCTAGCCGAGGGAGAGCCG-3’ and 5’-
TGTGACTTGGGAGCTCTGCAGC-3’. Care of the mice used in the experiments met
the standards set forth by the National Institutes of Health (NIH) guidelines for the care
and use of experimental animals. All procedures were approved by the University of

Iowa Institutional Animal Care and Use Committee.

Mouse Diets

Spontaneous atherosclerosis develops in ApoE”™ mice placed on a standard chow
diet and can be accelerated by a diet high in cholesterol (163). One cohort of mice was
fed standard mouse chow diet (7013, Teklad Premier Laboratory Diets) and water ad
libitum and sacrificed at 24 weeks of age to examine spontaneous atherosclerosis. To
induce extensive plaque formation, a separate cohort of mice was fed an atherogenic
“Western diet” (TD.88137, Harlan Teklad; high-fat (21%) / high-cholesterol (0.2%)) and

water ad libitum starting at 8 weeks until 24 weeks of age.

Aortic Lesion Analysis

Mice (24 weeks of age) were given a lethal dose of pentobarbital (50 mg/mouse
intraperitoneally), and were perfused with phosphate-buffered saline (PBS) through a
cannula inserted into the left ventricle, with perfusate draining from the severed right
atrium (164). The aorta was dissected extending from the aortic arch to the iliac

bifurcation, placed in fixative overnight (4% paraformaldehyde in PBS), and carefull
y



82

dissected free of adventitial fat. Then the aorta was cut longitudinally and pinned to a
black wax surface to expose the intimal surface. Oil Red O was used to stain lipids, and
an image was recorded (164). Lesion area was quantified in the aorta by en face
measurement as percent of surface area using NIH Image J. The extent of segmental
formation of atherosclerotic lesions was also quantified in the arch (defined as the region
from the ascending arch to 4 mm distal to the left subclavian artery), thoracic (from the
arch to the last intercostal artery branch), and abdominal (from the thoracic to the branch

of the ileal bifurcation) regions (164).

Metabolic Analyses

Mice (24 weeks of age) were fasted (overnight), and at the time of sacrifice, body
mass and organ masses were recorded and plasma samples were collected and stored at -
80°C. Blood glucose levels were determined using an Accu-Check meter (Roche).
Plasma total triglyceride levels were measured enzymatically using Free Glycerol
Reagent (Sigma) and Triglyceride Reagent (Sigma). Plasma total cholesterol was also
measured enzymatically using Infinity Cholesterol Reagent (Thermo Electron

Corporation) and cholesterol reference standards (Verichem).

Aortic Ring Wire Myograph Preparation

Vessel function was examined using a wire myograph preparation of thoracic or
distal abdominal aorta segments (8;106) from mice (24 weeks of age) on standard diet.
The aorta was removed and placed in oxygenated Krebs physiological buffer, dissected
free of perivascular fat, and cut into two abdominal aortic rings and two thoracic aortic

rings 4-5 mm in length each. Aortic rings were suspended in organ baths containing
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Krebs physiological buffer (maintained at 37°C and 95%0, / 5%CO;) and connected to a
force transducer via steel hooks to measure isometric tension. Resting vessel tension was
set to 0.5 g during a 45 min equilibration period. Contraction was recorded in response to
endothelin-1 (0.1 nM - 0.1 uM), serotonin (0.01 uM - 30 uM), prostaglandin-F2a (0.1
uM - 30 uM), and KCI1 (10 mM - 100 mM). Relaxation was recorded in response to
acetylcholine (0.01 uM - 30 pM) and sodium nitroprusside (I nM - 10 uM) after initial

submaximal pre-contraction (40%-50% of max) with prostaglandin-F2a.

Blood Pressure Analysis

Systolic blood pressure and heart rate was recorded in conscious restrained mice
(20-22 weeks of age) using the tail-cuff method (Visitech Systems BP-2000) (165).
Thirty cycles of measurements were made for a period of 10 days. The first 5 days
constituted the training period, and the mean of the final 5 days of baseline recordings

was calculated for the final determination of systolic blood pressure and heart rate.

Real-Time RT-PCR

Tissue samples of the entire length of the aorta (including arch, thoracic and
abdominal regions) were removed from the mice, placed in PBS, dissected free of
perivascular fat and snap-frozen in liquid nitrogen before storage at -80°C. Total RNA
was extracted from entire aorta using RNeasy spin columns (RNeasy Mini Kit,
QIAGEN). cDNA was synthesized from 400 ng of total RNA by RT-PCR using
Superscript III (Invitrogen), RNaseOUT (Invitrogen) and oligo(dT) primers. Following
initial RNA denaturation at 65°C for 5 min, reverse transcription was performed for 60

min at 50°C followed by heat inactivation of the enzyme at 70°C for 15 min. cDNA
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samples were stored at -20°C until further use. Real-time PCR (qPCR) reactions were
performed in duplicate using Tagman Fast Advanced Master Mix (Applied Biosystems),
TagMan Gene Expression Assays (Applied Biosystems) and 10 ng of cDNA in a total
volume of 10 pl. For Tagman assays, after denaturation at 95°C for 20 sec, 40 cycles at
95°C for 1 sec and 60°C for 20 sec were carried out using the Applied Biosystems
StepOnePlus System. Also, qPCR reactions were performed in duplicate using Fast
SYBR Green Master Mix (Applied Biosystems), target gene primers and 10 ng of cDNA
in a total volume of 10 pl. For SYBR green assays, after denaturation at 95°C for 20 sec,
40 cycles at 95°C for 3 sec and 60°C for 30 sec were carried out using the Applied
Biosystems StepOnePlus System. AACt were calculated using Gapdh as a reference
gene to determine relative mRNA expression levels. Tagman Gene Expression Assay
numbers were the following: 4352932E (Gapdh) MmO01184321 ml (mPPARy),
AHCR755 (hPPARy), Mm00432403 ml (Cd36), MmO00728805 sl (Acaalb),
Mm00434764 ml (Lpl), Mm00436767 ml (Sppl/Opn), Mm00442991 1 (Mmp9),
MmO00437992 m1l (Cat), Mm01344232 gl (Sodl). Primer sets for SYBR green assays
were the following (69;70;166): Gapdh: 5’-CATGGCCTTCCGTGTTCCTA-3’ (forward)
and 5’-CCTGCTTCACCACCTTCTTGAT-3’ (reverse); Tnfo: 5-
CGGAGTCCGGGCAGGT-3’ (forward) and 5’-GCTGGGTAGAGAATGGATGAACA-
3> (reverse); Vecaml: 5’-TGCGAGTCACCATTGTTCTCAT-3’ (forward) and 5°-
CATGGTCAGAACGGACTTGGA-3’ (reverse); Abcal: 5’-
GCGGACCTCCTGGGTGTT-3’ (forward) and 5’-CAAGAATCTCCGGGCTTTAGG-
3> (reverse); Icaml: 5’-CGCAAGTCCAATTCACACTGA-3’ (forward) and 5'-

CCAGAGCGGCAGAGCAA-3' (reverse); Cd68: 5’-CAAGGTCCAGGGAGGTTGTG-



85

3’ (forward) and 5’-CCAAAGGTAAGCTGTCCATAAGGA-3’ (reverse); Mcp-1: 5°-
CAGCCAGATGCAGTTAACGC-3’ (forward) and 5’-

GCCTACTCATTGGGATCATCTTG-3’ (reverse).

Drugs and Reagents
Ach, SNP, KCI and 5-HT were obtained from Sigma, PGF,, from Pfizer, and
these reagents were dissolved in physiological saline. ET-1 was obtained from Peninsula

Laboratories Inc. and dissolved in water.

Statistical Analysis

Data were analyzed using SigmaStat (Systat Software) and all data are expressed
as mean £ SEM. Data were analyzed with Student’s unpairied ¢ test or Mann Whitney
Rank Sum Test where required. Aortic function data were analyzed with 2-way repeated-
measures analysis of variance (ANOVA) using a Tukey post hoc test or ¢ test where
appropriate. P-values less than or equal to 0.05 (P<0.05) were considered statistically

significant.

Results

To investigate the functions of vascular cell-specific PPARy in atherosclerosis
progression, I used transgenic mice expressing DN PPARy mutants (V290M or P467L)
targeted to vascular endothelium (E-V290M mice) or smooth muscle (S-P467L mice),
and bred them onto the ApoE-deficient background by two generations of backcross
breeding to ApoE'/ “mice. These transgenic mouse lines (E-V290M and S-P467L) were

chosen based on the specificity and strength of transgene expression and the extent of
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vascular dysfunction reported previously (102;106). Herein termed as “E” for
endothelium, “S” for smooth muscle, “DN” for dominant negative PPARy and “NT” for
non-transgenic, the experimental groups are: i) E-DN.ApoE”" and E-DN.ApoE” mice
along with their NT.ApoE”" and NT.ApoE” littermate control mice; and ii) S-
DN.ApoE"" and S-DN.ApoE” mice along with their respective NT.ApoE"" and
NT.ApoE™" littermate control mice.

Atherosclerosis is a disease of large arteries and lesion formation occurs
throughout the arterial tree. En face lesion area, determined by Oil Red O positive
staining for lipids, was examined in the entire length of the aorta from the arch to the iliac
bifurcation. A minimal amount of spontaneous atherosclerosis was observed in the aortic
arch in each experimental group of ApoE™ of mice at 24-weeks of age maintained on a
standard chow diet. No significant differences in en face aorta lesion area were exhibited
between E-DN.ApoE” mice or S-DN.ApoE” mice and their respective control NT.ApoE’
" mice at 24 weeks of age on a standard chow diet (Figure 3.1).

PPARY is a master regulator of adipogenesis and classic PPARY target genes are
related to lipid metabolism. Endogenous fatty acids are low-affinity agonists of PPARYy,
and accordingly, PPARy function in vivo is dependent on metabolic context
(34;101;102). Mice were challenged by placing them on a high-fat (21%) / high-
cholesterol (0.2%) Western diet (TD.88137) for 16 weeks (starting at 8§ weeks of age),
which induced extensive atherosclerosis. En face lesion area in the entire aorta was
significantly increased in Western diet-fed E-DN.ApoE” mice compared to their
NT.ApoE™ control mice as well as in Western diet-fed S-DN.ApoE” mice compared to

their NT.ApoE™™ control mice (Figure 3.1). Segmental differences in lesion formation
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were observed. Lesion area in aorta from diet-fed E-DN.ApoE™ mice was significantly
increased in the arch and thoracic regions whereas the lesion area in aorta from diet-fed
S-DN.ApoE™ mice was significantly increased in the arch and abdominal regions (Figure
3.2). Transgenic and NT mice on the heterozygous ApoE " background failed to develop
any lesions on standard chow diet or Western diet (not shown). The data indicate that
interference with PPARy-dependent pathways in vascular endothelium or smooth muscle
enhances lesion area in the context of diet-induced atherosclerosis.

The development of atherosclerosis is accelerated by insulin resistance,
hyperglycemia and dyslipidemia (157). Therefore, I assessed if expression of DN PPARy
restricted to either the vascular endothelium or smooth muscle had an effect on systemic
metabolism. Endothelial-specific DN PPARy or smooth muscle-specific DN PPARYy did
not alter fasting plasma cholesterol, plasma triglycerides or blood glucose on the ApoE™"
or ApoE”" background (Table 3.1). Western diet treatment caused a further elevation in
fasting plasma cholesterol, plasma triglycerides and blood glucose in ApoE”™ mice that
was not altered by expression of DN PPARY in endothelium or smooth muscle (Table
3.1). Body mass, heart mass, and heart mass:body mass ratio were not significantly
different between E-DN.ApoE™", S-DN.ApoE™ and their respective NT.ApoE™ control
mice (Table 3.1). Hence, the increase in diet-induced atherosclerotic lesion formation
caused by endothelial-specific DN PPARy or smooth muscle-specific DN PPARYy is
independent of systemic changes in cholesterol, triglyceride or glucose levels.

Endothelial dysfunction is a hallmark associated with the development of
hypertension and atherosclerosis (167). Furthermore, an enhanced contractile response to
endothelin 1 (ET-1) is observed in aortic rings from young ApoE™ mice (8 to 16 weeks of

age) prior to lesion development, suggesting it may contribute to disease progression (168).
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To evaluate a possible imbalance in vasodilation or vasoconstriction, I implemented a
wire myograph preparation of abdominal and thoracic aortic rings ex vivo. Acetylcholine
(Ach) was used to assess endothelium-dependent vasodilation, while sodium
nitroprusside (SNP) was used to evaluate direct vasodilation of the smooth muscle.
Abdominal aortic rings from E-DN.ApoE” mice on standard diet displayed no
alterations in vascular function compared to their NT.ApoE™" control mice. However,
abdominal aortic rings from E-DN.ApoE” mice on standard diet exhibited impaired Ach-
mediated relaxation and normal SNP-mediated relaxation, indicating endothelial
dysfunction (Figure 3.3). Consistent with our previous findings (106), abdominal aortic
rings from S-DN.ApoE " mice on standard diet displayed impaired relaxation to Ach and
SNP (Figure 3.3) in addition to increased contractile responses to ET-1, angiotensin II
(Ang II) and serotonin (5-HT), which were maintained in S-DN.ApoE'/' mice (Figure
3.4). While only abdominal aortic function data are presented here, the same results were
found in concurrent experiments using thoracic aortic rings (data not shown). Contractile
responses to ET-1 and Ang I were much lower in thoracic segments, which are findings
that have been previously reported for mouse aorta (169).

I next tested if the impairments in vascular function were associated with any
functional changes in hemodynamics. E-DN.ApoE”" mice on standard diet had normal
baseline systolic blood pressure compared to control NT.ApoE™ mice (Figure 3.5). In
contrast, E-DN.ApoE” mice on standard diet exhibited a significant increase in systolic
blood pressure compared to NT.ApoE” mice (Figure 3.5). This suggests that
hypercholesterolemia and hyperlipidemia contributes to endothelial dysfunction and

hypertension in E-DN.ApoE™™ mice. Again consistent with our previous findings (106),
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S-DN.ApoE™" mice on standard diet exhibited a moderate yet significant increase in
systolic blood pressure compared to NT.ApoE"" mice that was also maintained in S-
DN.ApoE™ mice (Figure 3.5). Heart rate was not different among all the experimental
groups (Figure 3.5).

It is not clear if vascular endothelial cells, smooth muscle cells, and macrophages
share the same PPARy-dependent pathways that regulate inflammatory signaling and
lipid metabolism. PPARYy binds to PPAR response elements (PPREs) within regulatory
regions of target genes to activate transcription. PPARY can also mediate transrepression
of pro-inflammatory genes by antagonizing other transcription factors, including AP-1,
STAT and NF-kB (27;113). To characterize the transcriptional changes induced by
vascular endothelial-specific or smooth muscle-specific expression of DN PPARy, I next
performed gene expression analysis using entire aorta from mice in each of the
experimental groups on standard diet. The aortic tissue samples contained the
endothelial, smooth muscle and adventitial layers and were dissected free of the
perivascular adipose. Aortas collected from the ApoE™ experimental groups were
devoid of any lesions, whereas aortas collected from the ApoE™ groups contained a
minimal amount of lipid-rich atherosclerotic lesion areas (as depicted in Figures 3.1 and
3.2). ApoE™ experimental groups on standard diet were analyzed because they displayed
similar values in terms of aortic lesion area.

I first determined the mRNA expression levels of endogenous mouse PPARY
(mPPARy) and of the human DN PPARy (hPPARy) transgenes using PCR primers that
distinguish between the two (Figure 3.6). ApoE-deficiency did not alter the expression of

endogenous mPPARy. Human DN PPARy transgene was detected in aorta from E-
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DN.ApoE"", E-DN.ApoE™", S-DN.ApoE"" and S-DN.ApoE” mice, but not in aorta from
NT mice. Transgene expression level was higher when comparing smooth-muscle
specific DN PPARY to endothelial-specific DN PPARYy, which is probably a result of the
smooth muscle cells making up a larger population of the aortic tissue sample. ApoE-
deficiency caused a significant downregulation of transgene expression in aorta from S-
DN.ApoE” compared to S-DN.ApoE" mice. In this transgenic mouse model, smooth-
muscle specific expression of DN PPARy is achieved under control of the SMMHC
promoter. Downregulation of differentiation marker genes, including SMMHC and
SM?22aq, is characteristic of phenotypic switching that occurs in smooth muscle cells from
atherosclerotic lesions (170).

Next I examined the mRNA expression levels of genes related to lipid and
cholesterol metabolism (Figure 3.7). CD68 (also known as macrosialin in mice) is a
scavenger receptor for oxidized LDL with predominant expression in
monocytes/macrophages. Expression of Cd68 was significantly increased in aorta from
the ApoE” mice, which contained macrophage-rich lesions, compared to aorta from
ApoE™" mice, which were devoid of lesions. Cd68 was not altered by the presence of DN
PPARY in endothelium or smooth muscle, reflecting the similar values in terms of aortic
lesion area for each of the experimental ApoE” groups on standard diet. Another
scavenger receptor, Cd36, which a classic PPARYy target gene (23), was also upregulated
during atherosclerosis comparing aorta from NT.ApoE” mice to NT.ApoE™" mice from
either transgenic line. Endothelial-specific DN PPARY or smooth muscle-specific DN
PPARy significantly suppressed Cd36 expression in aorta on either the ApoE™ or ApoE™

background. ATP-binding cassette protein A1 (ABCA1) mediates cholesterol efflux and
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is upregulated by PPARY activation in macrophages (110). While Abcal expression was
higher in aorta from ApoE” mice compared to ApoE” mice, it was not significantly
altered by the presence of DN PPARY in endothelium or smooth muscle. The Acaalb
gene encoding acetyl-CoA acyltransferase-1B was identified as a potential target of
PPARy that was upregulated in aorta of wild-type mice after systemic treatment with
rosiglitazone through genome-wide microarray analyses (140). Conversely, Acaalb was
downregulated in aorta from knock-in mice heterozygous for an equivalent DN mutation
in PPARy (P465L/+ mice) (140). Acaalb gene expression was selectively downregulated
by smooth muscle-specific DN PPARy in aorta from S-DN.ApoE"" and S-DN.ApoE™
mice. Lipoprotein lipase (LPL) is a target gene of PPARy in adipocytes and plays an
important role in the hydrolysis of triglycerides in lipoproteins (22). However, Lpl/
expression in aortic tissue was constant among each of the experimental groups.
Osteopontin (OPN; also known as secreted phosphoprotein 1) and matrix
metalloproteinases (MMPs) have key roles in determining the composition of the
extracellular matrix, destruction of which can lead to an unstable plaque phenotype and
plaque rupture. Opn expression was induced in aorta from NT.ApoE”™ mice compared to
that of NT.ApoE ™" mice from either transgenic line (Figure 3.8). At the same time, Opn
expression was significantly higher in aorta from S-DN.ApoE"™ and S-DN.ApoE™" mice
compared to their NT control mice. The induction of Oprn in aorta by smooth muscle-
specific DN PPARYy is consistent with our previous data (106). Mmp9 expression was
similar in each of the experimental groups. I next examined mRNA expression levels of
the anti-oxidant enzymes Catalase and Cu/Zn superoxide dismutase (SODI1) for their

potential role in preventing oxidant modification of LDL (Figure 3.8). Expression of
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Catalase or Sodl was not affected by ApoE-deficiency; however, Catalase was
selectively downregulated in aorta from E-DN.ApoE ™" and E-DN.ApoE”" mice compared
to their NT controls.

Finally I tested the possible involvement of PPARy-dependent pathways in
regulating the expression of adhesion molecules (e.g. VCAM-1, ICAM-1) and
cytokines/chemokines (e.g. TNFo, MCP-1) in the vessel wall (Figure 3.9). Vecaml and
Mcpl, unlike Icaml and Tnfa, were upregulated in aorta during atherosclerosis when
comparing NT.ApoE” to NT.ApoE "™ mice from either transgenic line. Smooth muscle-
specific DN PPARy caused a significant upregulation of Vcam! in aorta on both ApoE™"
and ApoE”" backgrounds. Endothelial-specific DN PPARy caused a significant
upregulation of Mcpl in aorta on both ApoE+/' and ApoE'/' backgrounds. Mcpl was also
selectively upregulated in aorta from S-DN.ApoE” mice compared to their NT.ApoE™
control mice. The signature of genes found to be upregulated during atherosclerosis (e.g.
Cd68, Cd36, Abcal, Opn, Vcaml, Mcpl) in the present study is consistent with results
obtained from genome-wide microarray transcriptional profiling of aorta from ApoE™
mice (171). Together, the data indicate that interference with PPARy in endothelium or
smooth muscle leads to altered transcriptional regulation of common and distinct gene

sets related to atherogenesis.

Discussion

The role of PPARY in atherosclerosis is well recognized. Oxidized lipids are
endogenous PPARY ligands (23). However, the cell-specific contributions of PPARy in
vascular endothelium and smooth muscle to initiation and progression of atherosclerosis

remain unclear. Consistent with its roles in many other cell types, PPARYy is a critical
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regulator of lipid metabolism and inflammation in monocytes and macrophages. Ricote
et al. reported in 1998 that PPARY is expressed in macrophage foam cells of human
atherosclerotic lesions (108). Similar to adipocytes, PPARy agonist treatment of
macrophages upregulates the target gene Cd36, a scavenger receptor for oxidized LDL
(67;109). In isolation, this action suggests a pro-atherogenic role in which PPARy may
promote foam cell formation. However, PPARy activation also positively regulates
ABCAI1- and ABCGI1-mediated cholesterol efflux in macrophages (70;110). As a net
effect, PPARy ligands inhibit foam cell formation in vivo (70).

Investigators have made use of cell-specific gene promoters and the Cre-loxP
system to generate mice lacking PPARy specifically in macrophages, vascular
endothelium or smooth muscle. Akiyama et al. obtained PPARy-deficient macrophages
by crossing PPARy floxed mice and mice that express alpha/beta interferon-inducible
(MX) promoter-driven Cre recombinase (111). Deficiency of PPARy in macrophages
caused downregulation of Abcal, Abcgl and Apoe and decreased cholesterol efflux
(111). Alternatively, Babaev ef al. achieved deletion of macrophage PPARy via M
lysozyme promoter-driven Cre. In the context of experimental atherosclerosis, bone
marrow transfer from mice with macrophage-specific knockout of PPARy to LDLR™
mice caused a significant increase in aortic root lesion area compared to control LDLR™
mice reconstituted with bone marrow from wild-type mice (114). Related studies
demonstrated that deletion of PPARYy in macrophages led to increased expression of pro-
inflammatory mediators and systemic insulin resistance (172), which also could promote

atherosclerosis.
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The role of endothelial PPARy in atherogenesis has been studied by crossing
PPARy floxed mice and mice that express 7Tie2 promoter-driven Cre recombinase.
Disruption of endothelial PPARy on the LDLR™ background resulted in dyslipidemia,
hypertension and increased atherosclerotic lesion area in aorta in response to an
atherogenic diet containing 1.25% cholesterol and 0.5% cholate compared to control
LDLR™ mice (115). Endothelial PPARy-deficiency also caused upregulation of pro-
inflammatory genes (i.e. Icaml, Vcaml, Tnfo, Mcpl) in aortic tissue compared to control
mice (115). Similarly, SM22a promoter-driven Cre recombinase was used to delete
PPARY in smooth muscle cells. Smooth muscle-specific PPARy-deficient mice on the
LDLR™" background that were infused with Ang II (1000 ng/kg/min for 4 weeks)
displayed increased atherosclerotic lesion area in aorta compared to control LDLR™ mice
(116). This was associated with increased Ang II-induced MCP-1 production in PPARY-
deficient smooth muscle cells in culture. While pioglitazone significantly attenuated the
increase in atherosclerosis induced by Ang II infusion in control LDLR™ mice, deletion
of PPARY in smooth muscle abrogated this effect (116).

Intriguingly, knockout of PPARYy in smooth muscle led to upregulation of some
genes, such as beta 2 adrenergic receptor and cathepsin S (104;173). PPARy was
validated to bind to PPREs in the regulatory regions of these genes by chromatin
immunoprecipitation assay (104;173). This phenomenon, called derepression, results
from abrogation of the PPAR-dependent active repression mechanism. In the absence of
ligand, PPAR/retinoid X receptor (RXR) heterodimers, bound to corepressors, actively
silence transcription at PPREs. Ligand activation stimulates coactivators to replace

corepressors and allow transcription of target genes (10). Essentially, knockout of
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PPARs can mimic activation of some genes due to loss of active repression. Aside from
gene ablation, which does not occur naturally, there are rare dominant negative (DN)
mutations in the ligand-binding domain of PPARy (i.e. V290M and P467L) that cause
early-onset hypertension, partial lipodystrophy and type II diabetes in humans (7;37).
Knock-in mice homozygous for an equivalent DN mutation (P465L) die in utero,
confirming that the mutation is detrimental to receptor function (40). Heterozygous
P465L/+ mice are hypertensive and exhibit cerebrovascular dysfunction and remodeling
despite having normal insulin sensitivity (40;71).

By targeting DN PPARy to the vascular endothelium or smooth muscle in
transgenic mice, we are able to define the functions of PPARy within the arterial wall
during atherosclerotic lesion development. Western diet treatment increased en face
lesion area to a greater extent in aorta from E-DN.ApoE” mice or S-DN.ApoE” mice
compared to their respective control NT.ApoE” mice. Importantly, expression of DN
PPARYy in endothelium versus smooth muscle produced differential effects on aortic
function, blood pressure and gene expression in vascular tissue.

The endothelium is an important barrier against the initiation of atherosclerotic
lesions. Various factors including hemodynamic shear stress and cytokines contribute to
activation of the endothelium (2;44;45). Activated endothelial cells alter their expression
of chemokines and adhesion molecules, leading to the recruitment of circulating
leukocytes (2;44). A critical initiating step in fatty streak formation is entry and
accumulation of LDL and subsequent modification including oxidation (2;44). Adherent

monocytes migrate to the subendothelial space and differentiate into macrophages, which
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ingest oxidized LDL via scavenger receptors and transform into lipid-laden foam cells
(2).

Our group previously reported that transgenic mice with endothelial-specific
expression of DN PPARy exhibit normal endothelial function in the basilar artery and
aorta and normal blood pressure; however, prolonged high-fat diet feeding unmasked
impairment of endothelium-dependent vasodilation in the basilar artery and aorta (102).
Hyperlipidemia and hypercholesterolemia induced by crossing mice with endothelial-
specific DN PPARy onto the ApoE'/' background likewise unmasked endothelial
dysfunction and hypertension on a standard chow diet. Consequently, high-fat diet or
dyslipidemia caused by ApoE-deficiency have similar effects when PPARy function in
endothelium is impaired. This indicates that endothelial PPARY protects against the
harmful effects of high-fat or high-cholesterol diet. It has been shown that although
endothelial function is normal in aortic rings from ApoE'/' mice compared to wild-type
control mice maintained on standard diet, Western diet feeding caused impaired
endothelium-dependent relaxation in aorta from ApoE” mice but had no effect on aorta
from wild-type control mice (174;175). One confounding effect in this study is the
significant increase in systolic blood pressure in E-DN.ApoE” mice, S-DN.ApoE™" and
S-DN.ApoE” mice. Enhanced aortic lesion formation was evident in E-DN.ApoE” mice
or S-DN.ApoE”" mice treated with Western diet but not in those mice maintained on
standard diet. Yet systolic blood pressure was not different between E-DN.ApoE™ mice
or S-DN.ApoE™ mice fed Western diet or standard diet. Certainly, hypertension is a risk
factor for cardiovascular diseases, but a strict relationship between increased blood

pressure and the development of atherosclerosis is unclear, especially in mouse models
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(176), including this study. In one example, infusion of ApoE” mice with Ang II (for 4
weeks) caused hypertension, increased aortic lesion formation, and induced abdominal
aortic aneurysms (177). Co-administration of hydralazine significantly lowered blood
pressure but failed to reduce aortic lesion area or the incidence of abdominal aortic
aneurysms (177). Based on these and similar findings, it has been postulated that the
stimulus underlying the increase in blood pressure itself may have more influence on
atherosclerosis than the increase in blood pressure (176).

In terms of transcriptional regulation, endothelial-specific DN PPARy caused a
significant decrease in the mRNA expression of the scavenger receptor Cd36 in aorta on
either the Ap0E+/' or ApoE'/' background. This is important because TZD treatment
upregulates Cd36 in aorta from ApoE'/' or LDLR”" mice (67;69) and CD36'/'Ap0E'/'
double knockout mice exhibit decreased aortic lesion formation (178). Endothelial-
specific knockout of PPARy was also shown to result in downregulation of Cd36 as well
as impaired fatty acid uptake in microvascular endothelial cells (101). So despite
negative regulation of Cd36, which is expected to be protective, either endothelial-
specific PPARy-deficiency or endothelial-specific expression of DN PPARy leads to
enhanced diet-induced lesion formation. Evidence suggests that PPARy is also an
important regulator of oxidative metabolism in the vessel wall. PPARy ligand treatment
of endothelial cells in culture produces various anti-oxidant effects (80). Here I found
that that expression of Catalase was decreased in aorta from E-DN.ApoE”" and E-
DN.ApoE™ mice. Transgenic over-expression of Catalase in ApoE”™ mice reportedly
inhibited atherosclerotic lesion formation in aorta and decreased the levels of F»-

isoprostanes, a marker of lipid peroxidation (179). Consequently, decreased expression
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of Catalase could lead to increased oxidant modification of lipoproteins, thus promoting
foam cell formation. At the same time, expression of Mcpl was increased in aorta from
E-DN.ApoE™ and E-DN.ApoE”" mice. MCP-1 is a pro-inflammatory chemokine
expressed by each of the major cell types in the vessel wall (e.g. endothelial cells, smooth
muscle cells and macrophages) (180). Transgenic over-expression of MCP-1 in
leukocytes on the ApoE”" background was sufficient to increase lesion area in the aorta
and the aortic root (180). Therefore, as a result of interference with PPARy in the
endothelium, increased expression of Mcpl may contribute to increased monocyte
recruitment.

While the endothelium is a key site for the initiation of atherosclerotic lesions, the
medial smooth muscle plays an important role in the development of advanced plaques.
Upon activation by cytokines and other stimuli, smooth muscle cells begin to migrate and
proliferate to form the neo-intima and fibrous cap (44;46). PPARy ligands inhibit
proliferation and migration in vascular smooth muscle cells. For this reason, treatment
with pioglitazone or rosiglitazone is effective in reducing neo-intimal hyperplasia and
restenosis after coronary stenting in patients with type II diabetes (181). It has been
noted that PPARy agonist treatment reduces intimal hyperplasia by enhancing apoptosis
of neo-intimal cells in a model of arterial injury (182), raising concern that apoptosis
could decrease plaque stability. In contrast to the effects of PPARy agonists, aortic
smooth muscle cells isolated from knock-in mice heterozygous for the DN PPARy P465L
mutant (P465L/+) exhibited increased proliferation and migration compared to control
cells (183). Smooth muscle-specific expression of DN PPARYy also has profound effects

on vascular reactivity. We recently showed that aortic dysfunction induced by smooth
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muscle-specific DN PPARy occurs through a mechanism involving increased RhoA and
Rho-kinase activity in the smooth muscle. Importantly, treatment of LDLR”" mice with
the Rho-kinase inhibitor Y-27632 (for 9 weeks) significantly inhibited lesion formation at
the aortic root compared to saline-treated control LDLR”" mice (184). In the current
study, I found that contractile responses to several agonists of GPCRs (e.g. ET-1, Ang II,
5-HT) were significantly enhanced in aortic rings from S-DN.ApoE”" mice and these
changes persisted in S-DN.ApoE” mice. This is intriguing with regard to phenotypic
switching of smooth muscle cells during atherosclerosis, which is characterized by
downregulation of markers of the contractile phenotype.

Similar to the endothelial model, smooth muscle-specific expression of DN
PPARYy led to downregulation of Cd36 on the ApoE"" and ApoE”" backgrounds as well as
upregulation of Mcp! only on the ApoE™ background. In contrast, Opn and VeamlI were
upregulated in aorta from S-DN.ApoE™" and S-DN.ApoE” mice. Osteopontin is a pro-
atherogenic extracellular matrix protein synthesized by endothelial cells, smooth muscle
cells and macrophages (166). ApoE”OPN™" double knockout mice exhibit reduced Ang
[I-induced aortic lesion formation and reduced incidence and severity of Ang II-induced
abdominal aortic aneurysms compared to control ApoE” mice (166). The induction of
Opn in aorta by smooth muscle-specific DN PPARY is paired with reports that PPARy
activation negatively regulates Opn expression (185). Finally, as a result of interference
with PPARy in the smooth muscle, increased expression of Veaml may contribute to
increased leukocyte recruitment.

In conclusion, administration of TZD PPARy ligands causes a significant

attenuation of atherosclerotic lesion formation in mouse models of hypercholesterolemia
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that is associated with altered transcriptional regulation of many genes encoding pro-
atherogenic factors (e.g. Cd36, Mcpl, Tnfo, Ifny, Vcaml, Icaml) in aortic tissue (67;70).
The current study provides genetic evidence that in the context of atherosclerosis,
interference with PPARYy specifically in endothelium or smooth muscle causes vascular
dysfunction, increased blood pressure, altered expression of distinct gene sets and
enhanced diet-induced atherosclerotic lesion formation. Future studies will be necessary
to assess the role of PPARy in vascular endothelium or smooth muscle in determining

plaque composition and stability.
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Figure 3.1. Atherosclerotic lesion formation in aorta.

Atherosclerotic lesion area was quantified by en face method in Oil red O-stained aortas
from E-DN.ApoE'/' mice (A), S-DN.ApoE'/' mice (B) and their respective control
NT.ApoE'/ " mice. Mice (24 weeks old) were maintained on standard chow diet or
Western diet (TD.88137) starting at 8 weeks of age (n = 8-14 for E-DN groups; n = 10-14
for S-DN groups). The bottom panel includes representative Oil red O-stained aortas.
Unless noted otherwise, I, Christopher Pelham, performed all of the experiments
presented in this dissertation. * p < 0.05 ApoE'/ " Vs. ApoEH 3 #p <0.05 E-DN or S-DN
vs. NT. Data are shown as box plot. See also Figure 3.2.
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Figure 3.2. Segmental atherosclerotic lesion formation in aorta.

Atherosclerotic lesion area quantified by en face method in Oil red O-stained aortas as
seen in Figure 3.1 is analyzed as regional percent (%) lesion area in Arch (Ar), Thoracic
(Th) and Abdominal (Ab) aortic segments. E-DN.ApoE'/' mice (A), S-DN.ApoE'/' mice
(B) and their respective control NT.ApoE'/ " mice (24 weeks old) were maintained on
standard chow diet or Western diet (TD.88137) starting at 8 weeks of age. * p < 0.05
ApoE” vs. ApoE™"; # p <0.05 E-DN or S-DN vs. NT. All data are mean + SEM.
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Body Mass Heart Mass Glucose Total Cholesterol ~ Triglycerides
Genotype Diet ® ® (mg/dL) (mg/dL) (mg/dL)
NTApiEH-  Standard 273:15(12)  (116:0004(12) 106.1:63¢%)  859+51(%) 705428 (%)
E-DNApeE+- Standard 28.5+13(12) G.120+:0.004(12) 108.6+51(8) 862+65(9 682154 (9
NT.ApoE-/- Standard 269+13(12) :125+:0085(12) 111.9+540(9) 3915+ 21 (9)* 846145 (9t
E-DNApeE-/- Standard 256+12(12) 124 :0006(12) 1085+4.6(10) 3792+£15(13)* 855+29(1)*
NTApiE/-  TDSS137T 309=16(12)* G141:0007(12) 194:47@) T399:26(W)" 1119 9.0 (9"
E-DNApeE-/- TDSS137 303+13(12)F GI137:0.006(12) 1258+24(11)* 760232128 1185+ 4.4 (1)

Body Mass Heart Mass Glucose Total Cholesterol  Triglycerides
Genolype Diet ® ) (mg/dL) (mg/dL) (mg/dL)
NT.ApoE+- Standard 2791415 .120+-0.004 (15) 107.0+58¢8) 84 5+57(11) 73424 (11)
SDNApoE+- Standard 27.0:14(15) 01170004 (15) 1003+4.3(10) 82346 (16) 7.9+ 1.7 (16)
NT.ApoE-/- Standard  26.5+=14(15) 11290006 (15) 113.0+44(9) 380.7+18(19)*  86.8:49(1H*
SDNApoE/- Standard  26.6=11(15) 130+:0.008(15) 107.5+£59(11) 3684+16(13)* 85236 (1H*
NT.ApeE-/- TD.38137 314=17(12) (.145+:0006(12) 1321+61(H" TT7£25(13)% 11hG:483(1"
S DN.ApoE-/- TDSS137 314=183(12)" 0.142 = 0.006 (12) 120.7 £5.2 (16) T47.2+ 30 (149" 1153 £ 4.9 (19"

Note: Body mass, heart mass, fasting blood glucose, fasting plasma cholesterol and
fasting plasma triglycerides were measured in mice (24 weeks old) maintained on
standard chow diet or Western diet (TD.88137) starting at 8 weeks of age (n is indicated
in parenthesis). * p < 0.05 ApoE”" standard vs. ApoE™" standard; ~ p < 0.05 ApoE™
Western vs. ApoE™ standard. There were no significant changes between E-DN or S-DN

vs. NT. All data are mean + SEM.
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Figure 3.3. Endothelium-dependent and -independent relaxation.

(A-D) Isometric tension studies were performed using abdominal aortic rings from E-
DN.ApoE"", E-DN.ApoE” mice (grey symbols; A,C), S-DN.ApoE " mice, S-DN.ApoE™
mice (black symbols; B,D) and their respective NT control mice (white symbols) on
standard diet. Dose-dependent relaxation was recorded following pre-contraction with
prostaglandin F», (PGF,,) in response to acetylcholine (Ach) (A and B) or sodium
nitroprusside (SNP) (C and D) (n = 4-5 for E-DN groups; n = 4-7 for S-DN groups). * p
<0.05 ApoE™ vs. ApoE""; #p < 0.05 E-DN or S-DN vs. NT. All data are mean + SEM.
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Figure 3.4. Receptor-dependent and -independent contraction.

Isometric tension studies were performed using abdominal aortic rings from E-
DN.ApoE™", E-DN.ApoE”" mice (grey symbols), S-DN.ApoE™" mice, S-DN.ApoE™”
mice (black symbols) and their respective NT control mice (white symbols) on standard
diet. Contraction was measured in response to response KCI (A), serotonin (5-HT) (B),
PGF,, (C), endothelin 1 (ET-1) (D) or angiotensin II (Ang II) (E) (n = 4-5 for E-DN
groups; n = 4-7 for S-DN groups). # p < 0.05 E-DN or S-DN vs. NT. There were no
significant differences between ApoE” vs. ApoE™". All data are mean + SEM.
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Figure 3.5. Measurement of blood pressure and heart rate.

Systolic blood pressure and heart rate was measured in E-DN.ApoEH “mice, E-DN.ApoE"
" mice (A,C), S-DN.Ap0E+/' mice, S-DN.ApoE'/' mice (B,D) and their respective control
NT.ApoEH “and NT.ApoE'/ " mice at ~20 weeks of age. Mice were maintained on
standard chow diet or Western diet (TD.88137) starting at 8 weeks of age (n = 5-10 for E-
DN groups; n = 6-12 for S-DN groups). * p <0.05 E-DN or S-DN vs. NT. All data are

mean £ SEM
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Figure 3.6. Gene expression analysis of endogenous mPPARy or hPPARy transgene.
Relative mRNA expression of mPPARy or hPPARy was determined by qPCR in samples
of aortic tissue from E-DN.ApoE"" mice, E-DN.ApoE”" mice, S-DN.ApoE"" mice, S-
DN.ApoE™ mice and their respective control NT.ApoE”" and NT.ApoE” mice on
standard diet (n = 6 in each group). For mPPARy, fold change is normalized to
NT.ApoE™".  For hPPARy, fold change is normalized to E-DN.ApoE”. ND: not
detected. * p <0.05 ApoE'/ " vs. ApoEH 3 #p <0.05 E-DN or S-DN vs. NT. All data are
mean + SEM.
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Figure 3.7. Expression analysis of genes related to lipid/cholesterol homeostasis.
Relative mRNA expression of Cd36, Cd68, Acaalb, Lfl or Abcal was determined by
qPCR in samples of aortic tissue from E-DN.ApoE"" mice, E-DN.ApoE'/' mice, S-
DN.ApoE"" mice, S-DN.ApoE” mice and their respective control NT.ApoE"" and
NT.ApoE'/ " mice on standard diet (n = 6 in each group). Fold change is normalized to
NT.ApoE™". * p <0.05 ApoE”" vs. ApoE™; # p <0.05 E-DN or S-DN vs. NT. All data
are mean + SEM.
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Figure 3.8. Expression analysis of genes related to extracellular matrix and oxidant
production.

Relative mRNA expression of Opn, Mmp9, Catalase or Sodl was determined by qPCR in
samples of aortic tissue from E-DN.ApoEH' mice, E-DN.ApoE'/' mice, S-DN.ApoEH'
mice, S-DN.ApoE”™ mice and their respective control NT.ApoE”" and NT.ApoE™" mice
on standard diet (n = 6 in each group). Fold change is normalized to NT.ApoEH LoEFp<
0.05 ApoE'/' Vs. Ap0E+/'; #p <0.05 E-DN or S-DN vs. NT. All data are mean + SEM.
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Figure 3.9. Gene expression analysis of adhesion molecules and cytokines/chemokines.
Relative mRNA expression of Icami, Vcaml, Tnfo. or Mcpl was determined by qPCR in
samples of aortic tissue from E-DN.ApoE"" mice, E-DN.ApoE”" mice, S-DN.ApoE""
mice, S-DN.ApoE'/ " mice and their respective control NT.ApoEH “and NT.ApoE'/ " mice
on standard diet (n = 6 in each group). Fold change is normalized to NT.ApoE+/'. *p <
0.05 ApoE”" vs. ApoE™"; # p <0.05 E-DN or S-DN vs. NT. All data are mean + SEM.



