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Abstract

Diet-induced obesity and metabolic syndrome are important contributors to cardiovascular
diseases. The decreased nitric oxide (NO) bioactivity in endothelium and the impaired response of
smooth muscle cell (SMC) to NO significantly contribute to vascular pathologies, including
atherosclerosis and arterial restenosis after angioplasty. Sarco/endoplasmic reticulum Ca2*
ATPase (SERCA) is an important mediator of NO function in both endothelial cells and SMCs,
and its irreversible oxidation impair its stimulation by NO. We used C57BL/6J mice fed a high fat,
high sucrose diet (HFHSD) to study the role of SMC SERCA in diet-induced obesity and
metabolic syndrome. We found that HFHSD upregulated Nox2 based NADPH oxidase, induced
inflammation, increased irreversible SERCA oxidation, and suppressed the response of aortic
SERCA to NO. Cultured aortic SMCs from mice fed HFHSD showed increased reactive oxygen
species production, Nox2 upregulation, irreversible SERCA oxidation, inflammation, and a
decreased ability of NO to inhibit SMC migration. Overexpression of wild type SERCA2b or
downregulation of Nox2 restored NO-mediated inhibition of migration in SMCs isolated from
HFHSD-fed mice. In addition, tumor necrosis factor alpha (TNFa) increased Nox2 which induced
SERCA oxidation and inflammation. Taken together, Nox2 induced by HFHSD plays significant
roles in controlling SMC responses to NO and TNFa-mediated inflammation, which may
contribute to the development of cardiovascular diseases in diet-induced obesity and metabolic
syndrome.
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Introduction

Diet-induced obesity and metabolic syndrome are important contributors to cardiovascular
diseases, including vascular restenosis after angioplasty and atherosclerosis. Vascular
smooth muscle cell (SMC) migration contributes significantly to these pathological
processes. Generally, SMCs do not proliferate in arteries. However, when the endothelium is
disrupted, the underlying medial SMCs migrate to the intima and form a neointima. Nitric
oxide (NO), the biologically active component of endothelium-derived relaxing factor, has
critical roles in the maintenance of vascular homeostasis including the regulation of sarco/
endoplasmic reticulum Ca2*-ATPase (SERCA). SERCA is an important enzyme that
maintains optimal intracellular calcium levels in SMCs by taking up calcium into the sarco/
endoplasmic reticulum. NO stimulates SERCA activity by S-glutathiolation of the most
reactive thiol on cysteine-674 (C674) resulting in inhibition of SMC migration.[1] Our
previous studies in high glucose treated SMCs and in SMCs from obese Zucker rat, a model
of obesity and insulin resistance, indicate that irreversible oxidation of C674 on SERCA is
responsible for the failed inhibition of SMC migration by NO.[2—-4]

Reactive oxygen species (ROS) are important determinants of vascular function, both as
signaling intermediates for cell growth and differentiation and as modulators of pathological
processes, such as restenosis and atherosclerosis.[5] Increased ROS production is the major
cause of SERCA C674 irreversible oxidation.[2, 4] The NADPH oxidases are major ROS
generating enzymes in the vasculature, and produce superoxide (O,7) and either directly, or
through dismutation, hydrogen peroxide (H,O,). NADPH oxidases are multi-component
enzymes comprised of p22phox, gp91phox (also known as Nox2 or its homologues Nox1,
3-5) that are bound to the membrane, and p47phox, p67phox and the small G protein, Racl,
that are in the cytoplasm and contribute to NADPH oxidase activation. Normally, SMCs
express mainly Nox4, responsible for a continuous, low-level of H,O, production. Nox4 is
predominantly localized at the endoplasmic reticulum and in the nucleus, and it is also
speculated to be present in cytosol, plasma membrane and mitochondria.[6-8] Unlike Nox1
and Nox2, the activation of Nox4 does not require Racl, p67phox or p47phox.[9-11] Both
Nox1 and Nox2 are mainly expressed in cytosol and plasma membrane, and Nox1 is also
believed to be expressed in the nucleus, endoplasmic reticulum and mitochondria.[7, 8]
Though Nox1 and Nox2 have relatively low expression levels in SMCs, they are highly
inducible and might account for the increased O, production in cardiovascular diseases.

We recently showed that mice fed with high fat high sucrose diet (HFHSD), a typical diet
consumed by many Americans, become obese and glucose intolerant, recapitulating the
human metabolic syndrome.[12] In addition, HFHSD-fed mice develop aortic stiffness, left
ventricular hypertrophy and diastolic dysfunction; at a later stage, they become
hypertensive.[12, 13] At early time points HFHSD also impairs endothelium-dependent
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relaxation and increases aortic SERCA oxidation.[12]. In addition, HFHSD also increased
risk factors for atherosclerosis in rats, including hyperinsulinemia, hypertension, and
hypertriglyceridemia.[14], accelerates atherosclerotic lesions in minipigs and in LDL
receptor deficient mice,[15-17] and increases intimal hyperplasia after rat carotid
endarterectomy.[18] Compared to another commonly used obesity model induced by high
fat diet without sucrose,[19, 20] HFHSD fed mice gain less weight and have less insulin
resistance.[21] These two obese models both develop glucose intolerance, insulin resistance,
cardiac hypertrophy and myocardial dysfunction.[13, 19, 20] In the present study, we aimed
to elucidate the response of aortic SMCs to NO and to explore the potential factors that may
contribute to the development of cardiovascular diseases induced by HFHSD, including
restenosis and atherosclerosis.

Material and Methods

Diet-induced obese mice

All animal experimental procedures were approved by the Institutional Animal Care and
Use Committee at Boston University. Male C57BL/6J mice (stock number 00664, The
Jackson Laboratory, USA) were obtained at 8 weeks of age. After one week of acclimation,
mice were fed control (normal diet, ND: 4.5 % fat, 0% sucrose) or HFHSD for 16 weeks
(35.5% fat (lard) representing 60% calories, 16.4% sucrose)[22] ad libitum (catalog numbers
D09071702 and D09071703, Research Diets, USA). The control diet was custom-
formulated to match the micronutrients contained in HFHSD except for fat and sucrose.
Mice were housed in rooms with 12-hour light/dark cycle and in groups of 3—4 whenever
possible.

SERCA activity

SERCA activity was measured by 4°CaZ* uptake in a postnuclear supernatant fraction, as
previously described by us.[23] Briefly, the entire mouse aorta from arch to iliac bifurcation
free of fat and connective tissue was incubated with 0.1 uM phenylephrine for 30 minutes
followed by NO (1uM, from gas) in Kreb’s buffer for 1 minute. The aorta was homogenized
and centrifuged at 4000 rpm for 2 minutes at 4°C, and the supernatant was assayed. 4°Ca2*
uptake is calculated by counting the radioactivity and standardized by protein concentration.
NO-stimulated activity was calculated as the difference in activities in the presence and
absence of NO gas.

Aortic smooth muscle cell culture

SMCs were isolated from aortas of mice fed ND or HFHSD for 16 weeks, and cultured as
previously described.[2] SMC phenotype was confirmed by a-smooth muscle actin-positive
immunostaining. Cells from passages 3 to 8 were used.

Real time quantitative PCR (QPCR)

Total cellular RNA was isolated in SMCs cultured in 0.2% fetal bovine serum (FBS)
Dulbecco's Modified Eagle Medium (DMEM) overnight and converted to complementary
DNA. Real time gPCR was performed with synthetic TAQMAN gene specific primers
(Applied Biosystems), according to the following cycling conditions: denaturation,
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annealing, and extension at 95°C, 55°C and 72°C for 30 seconds, 30 seconds, and 1 minute,
respectively, for 40 cycles, and B-actin acts as an internal control.

Wounded monolayer migration assay

[2, 3] Briefly, SMCs were plated at a density of 106 cells/well in a 12-well plate in 0.2%
FBS DMEM overnight to reach confluence. Scratch wounds were applied to the SMC
monolayer with a pipette tip. Immediately after scratching, the cells were treated with 10%
FBS DMEM with or without NO donor, DETA NONOate (300 pM, Cayman Chem), to
stimulate cell migration. Photographs were taken at 0 hour and 6 hours at three fixed
locations along the scratch with a light microscope and analyzed using NIH ImageJ
software.

Small interference RNA (siRNA) transfection

[2] Using routine methods, 80% confluent SMCs were transfected with Nox2 siRNA or
scrambled control siRNA (Applied Biosystems, 60 nmol/L) for 48 h according to the
manufacturer’s recommendations. In some experiments, recombinant human tumor necrosis
factor alpha (TNFa, 10 ng/ml, R&D Biosciences) was added overnight before SMCs were
collected.

Adenovirus overexpression of LacZ or SERCA2b

For some migration assays, SMCs were infected with adenovirus to overexpress LacZ or
SERCAZ2b at multiplicity of infection 50 in 0.2%FBS DMEM for 3 days as previously
described.[2

ROS production

SMCs were plated at a density of 104 cells/well in a 96-well plate overnight in 0.2% FBS
DMEM. Intracellular ROS levels were determined by incubation with 20 uM 2’,7°-
dichlorodihydrofluorescein diacetate (DCFDA; Molecular Probes) in Hanks’ balanced salt
buffer for 30 minutes. SMCs were then trypsinized, washed and resuspended in Hanks’
balanced salt solution. Dichlorofluorescein fluorescence was immediately measured by a
CytoFluor multiwell plate reader at excitation and emission wavelength of 530 and 580 nm,
respectively. Dihydroethidium (DHE, Molecular Probes)[24] was used to detect intracellular
O,7™". SMCs were treated with 5 uM DHE for 30 minutes at 37°C before measuring
fluorescence at 605 nm wavelength.

Immuno-blotting

SMCs were cultured in 0.2% FBS DMEM overnight and then lysed in cell lysis buffer (Cell
Signaling). Proteins were subjected to SDS-PAGE and immunoblotted with antibodies to
detect Nox4 (provided by Dr. Ajah Shah), Nox2 (BD transduction), Racl (BD transduction),
SERCA and SERCAC674-SO3H (Bethyl Laboratory Inc), TNFa (Abcam), vascular cell
adhesion molecule-1 (VCAML, Santa Cruz); p65 nuclear factor kappa B (NFxB) and
phospho-p65NF«xB (Cell Signaling), and GAPDH (Cell Signaling) as loading control. Total
endothelial nitric oxide synthase (eNOS) and its phosphorylation at serine 1177 (Cell
Signaling) were detected in aortic homogenates, and normalized to -actin. Proteins were
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visualized with an ECL system (Amersham Biosciences). Densitometry analysis was
performed using NIH image J software, and protein expression levels were corrected by
loading control.

Immunohistochemistry (IHC) staining

[2] Aortas were paraffin-embedded, sectioned and processed as previously described.[2]
Sections were immunostained with Nox2, SERCA C674-SO3H, TNFa and VCAM1
antibodies and developed with Vectastain ABC kit (\Vector) followed by counterstained with
hematoxylin. Images were scored by blinder analysis for quantification.[2

Bone marrow-derived macrophage adhesion assay

[25] Bone marrow-derived mononuclear cells were isolated[26] from C57BL/6J mice and
cultured in high glucose DMEM supplemented with 10% FBS and 20% L929-conditioned
medium. Five days later, mononuclear cells became macrophage. For macrophage adhesion
assay, 106 SMCs/well in 12-well plate were plated in 0.2%FBS DMEM overnight to reach
confluence, then macrophages (5x10° cells/well) were added and incubated for 1 h before
the media were removed and washed 3 times with PBS to remove all unbound macrophages.
Four images of macrophage adhesion to SMCs in each well were taken and the number of
bound macrophage was counted per image area.

Statistical analysis

Results

All data are presented as mean£SEM. Student t-test was used to analyze data between two
groups. A probability value of <0.05 is considered statistically significant.

HFHSD upregulates Nox2, induces inflammation, causes SERCA oxidation, decreases
SERCA activity, and decreases NO bioactivity in mouse aorta

As shown in Figure 1A, similar to our previous studies at 32 weeks of diet feeding,[12] we
found that irreversible oxidation of aortic SERCA C674 was significantly increased 16
weeks after HFHSD compared with ND. Although Nox2 was nearly undetectable in aorta
from ND fed mice, it was increased over 4-fold by HFHSD. Consistent with our previous
findings of increased TNFa mRNA level in HFHSD aorta,[12] TNFa immunostaining was
significantly increased in aortas after 16 weeks HFHSD. Similarly, the inflammatory
adhesion molecule, VCAM1, showed a 5-fold increase after HFHSD. We next tested NO
and SERCA activity in isolated aorta. As shown in Figure 1B, HFHSD significantly down-
regulated the phosphorylation of eNOS at its most critical activation site Ser-1177 compared
with ND, consistent with the decreased eNOS activity. This is also consistent with impaired
aortic relaxation to acetylcholine after HFHSD, as we previously reported [12]. In addition,
similar to previous findings in cholesterol-fed rabbit aorta[27] there was no significant
change in aortic SERCA activity caused by HFHSD (Figure 1C). However, as in the rabbits,
the stimulation of aortic SERCA activity by NO that occurred in mice fed ND, did not occur
in HFHSD-fed mouse aorta (Figure 1C) consistent with increased SERCA C674 oxidation
in aortic SMC. Taken together, these results indicate that HFHSD increases aortic
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inflammation, Nox2 protein, and SERCA oxidation and decreases NO-induced SERCA
activation.

Nox2, SERCA oxidation, and inflammatory factors are increased in aortic SMCs from
HFHSD-fed mice

In addition to the decreased NO bioactivity in endothelium, we explored the contribution of
smooth muscle to cardiovascular disease phenotypes induced by HFHSD. In isolated aortic
SMCs, as shown in Figure 2A, HFHSD significantly increased Nox2, Rac1 and p22phox
MRNA levels but it decreased Nox4 mRNA levels. The mRNA levels of Nox1, p47phox
and p67phox were very low or undetectable (not shown). HFHSD had no effects on
antioxidant enzymes superoxide dismutase (SOD) 1, SOD2, catalase and glutathione
peroxidase 1 (GPX1) (Figure 1A). VCAM1 mRNA was highly induced by HFHSD (Figure
2A) while TNFa mRNA was undetectable in aortic SMCs from either group (not shown).
Although Nox4 mRNA was downregulated by HFHSD, its protein levels were unaffected by
HFHSD (Figure 2B). Nox2, Racl protein levels and SERCA C674 irreversible oxidation
were upregulated by HFHSD (Figure 2B). p65/NFxB phosphorylation, which activates
VCAM1 gene transcription, was also upregulated by HFHSD. Similar to the IHC staining of
the whole aorta, the protein levels of both TNFa and VCAML1 were upregulated in SMCs
from HFHSD-fed mice (Figure 2B), indicating the induction of inflammation in SMCs by
HFHSD.

SMCs from HFHSD have increased ROS production, macrophage adhesion, and impaired
NO-mediated inhibition of migration

Because HFHSD upregulated Nox2 in SMCs, we measured ROS production in cultured
aortic SMCs. DHE was used to detect intracellular O,™. As shown in Figure 3A, HFHSD
significantly increased intracellular O, levels compared with ND. DCFDA measurements
also indicated that HFHSD significantly increased overall intracellular ROS production
(Figure 3A).

Since SERCA cysteine-674 is irreversibly oxidized in SMCs from HFHSD (Figure 2B) and
our previous studies indicate that this SERCA cysteine is crucial for NO to inhibit SMC
migration,[2, 4] we measured the effect of the NO donor, DETA NONOate on SMC
migration. As shown in Figure 3B, although NO donor could significantly inhibit serum-
induced migration of SMCs from ND-fed mice, it failed to do so in SMCs derived from
HFHSD-fed mice, indicating impaired NO function in these SMCs. As shown in Figure 3C,
overexpression of SERCAZ2b partially restored the ability of the NO donor to inhibit
migration of SMCs from HFHSD-fed mice, confirming that rescuing SERCA oxidation by
overexpressing SERCA2b can restore NO function, similar to our previous studies with high
glucose-treated SMCs and SMCs from obese Zucker rats.[2, 4]

Although endothelium plays a key role in regulating leukocyte adhesion, SMCs can directly
regulate leukocyte recruitment by releasing chemokines where the lining endothelial cells
have been activated/denuded.[28, 29] Because HFHSD significantly upregulated TNFa and
activated NFxB and VCAM1, we compared macrophage adhesion to SMCs from HFHSD
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and ND. As shown in Figure 3D, compared with ND, HFHSD significantly increased
macrophage adhesion to SMCs, which is correlated with NFxB and VCAML1 activation.

Downregulation of Nox2 restores NO function and inhibits inflammation in HFHSD SMCs

Because Nox2 was dramatically induced in HFHSD SMCs, we investigated its possible role
in regulating NO function and inflammation in aortas of obese mice. As shown in Figure
4A, Nox2 siRNA specifically inhibited Nox2 protein levels, decreased irreversible SERCA
oxidation, inhibited p65NFxB phosphorylation and reduced VCAML1 levels, but it had no
effects on Nox4 or TNFa protein levels in SMCs from HFHSD. Downregulation of Nox2
had no effects on mRNA levels of other NADPH oxidase components (Figure 4B) and
antioxidant enzymes (data not shown). Consistent with decreased irreversible SERCA
oxidation following Nox2 knockdown, suppressing Nox2 also restored the inhibition of
SMC migration by NO donor (Figure 4C) and reduced macrophage adhesion to SMC from
HFHSD-fed mice (Figure 4D). Taken together, our data demonstrate that HFHSD-induced
Nox2 upregulation contributes to impaired NO function and inflammation in aortic SMCs of
diet-induced obese mice.

Nox2 mediates TNFa-induced SERCA oxidation and inflammation

Unlike Nox4, Nox2 is present in a very low level in SMCs, however Nox2 is dramatically
induced after HFHSD. To explore the potential factors that could upregulate Nox2 in
HFHSD, we treated SMCs with high palmitate, high glucose, high insulin and transforming
growth factor beta 1 (TGFB1), but none of these treatments that mimic factors associated
with HFHSD was able to upregulate Nox2 (data not shown). Because HFHSD significantly
upregulated TNFa levels in both aorta and aortic SMCs, and TNFa is known to activate
NF«xB, we reasoned that TNFa could stimulate Nox2-derived ROS production thus causing
SERCA oxidation, and inducing inflammation in HFHSD SMCs. As shown in Figure 5A,
overnight administration of TNFa to SMCs dramatically induced Nox2 expression, caused
irreversible SERCA oxidation, activated NFxB and increased VCAM1 expression. These
effects were all inhibited by silencing Nox2 (Figure 5B). These results indicate that
HFHSD-stimulated TNFa in SMCs is responsible for Nox2 activation, SERCA oxidation
and inflammation, and may account for the development of cardiovascular diseases induced
by HFHSD.

Discussion

The major finding of this study is that, in a model of diet-induced obesity, the inflammatory
cytokine TNFa is upregulated and stimulates Nox2 activity in intact aorta and cultured aortic
SMCs, resulting in impaired NO and SERCA bioactivities. In fact, several indices of
oxidative stress, including irreversible SERCA oxidation, decreased eNOS S1177
phosphorylation, and decreased NO-stimulated SERCA activity were observed in intact
aorta from obese mice compared to controls. This is consistent with our previous findings of
impaired endothelium-dependent aortic relaxation[12] and with the current findings of
impaired migratory response of SMC to exogenous NO after HFHSD. Overexpressing
SERCAZ2b in SMC from aortas of obese mice restored NO-inhibited migration, indicating
that proper levels of redox-responsive, functional SERCA in SMCs is critical in maintaining
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the response to NO. As summarized in Figure 6, in aortic SMCs from obese mice, TNFa
activates Nox2, which causes SERCA oxidation and impaired SMC migratory response to
NO, and concomitantly, it activates the inflammatory molecules NFxB and VCAML. These
pathways can co-dependently contribute to the development of obesity-associated
cardiovascular diseases, including restenosis after angioplasty and atherosclerosis.

A key early event in the development of atherosclerosis and restenosis is decreased NO
bioactivity in endothelium. NO in small amounts is thought to inhibit atherosclerosis, at least
in part, by inhibiting vascular SMC growth, leukocyte adhesion, and platelet adherence and
aggregation. In addition, an impaired response of SMCs to NO may further contribute to
development of vascular dysfunction. HFHSD-fed mice showed impaired endothelium-
dependent relaxation and developed aortic stiffness, which is an early biomarker of
atherosclerosis.[12, 30] We further confirmed that both NO bioactivity and NO-stimulated
SERCA function were impaired in intact aorta. Our previous study in SMCs indicate that
irreversible oxidation of the key reactive C674 on SERCA is responsible for the abnormal
response to NO, which accounts for the increased lesion size after carotid artery endothelial
denudation.[2] Upregulated ROS production is implicated in atherosclerosis and restenosis.
[2, 31-33] Our studies suggest that HFHSD accelerates atherosclerotic lesions and increases
intimal hyperplasia,[15-18] which might be in part via increased ROS production,
irreversible SERCA oxidation, and induced inflammation.

The major source of ROS in vasculature that causes SERCA oxidation is NADPH oxidase.
Our previous studies indicate that both Nox1 and Nox4 are responsible for SERCA
oxidation and impaired NO bioactivity in SMCs treated with high glucose in vitro.[4]
Similarly, in obese Zucker rat, a model of insulin-resistance, we showed that upregulation of
TGFpP1 and Nox4 accounted for the impaired NO function and neointimal hyperplasia.[2]
The present study strongly supports the conclusion that the oxidant source causing SERCA
oxidation and NO reduction in aortas after HFHSD is Nox2. Compared to our previous
findings, here we found that in diet-induced obese mice, which are also glucose intolerant
and insulin resistant, TNFa and Nox2 were dramatically induced while Nox4 was not
affected and Nox1 was undetectable in aorta and SMCs. Therefore, despite both
inflammation and oxidant stress being involved in vascular pathologies associated to type 2
diabetes and insulin-resistance, the source of ROS and the inflammatory mediators may be
different in different models. Here we show for the first time that high fat, high sucrose diet,
but not high glucose or high insulin strongly stimulates TNFa induction and Nox2
expression and activity, and this in turn results in SERCA oxidation, impaired SERCA
activity/NO response and NFxB/VCAML activation. In addition, increased Nox2
activity/ROS production in SMCs and aorta from HFHSD-fed mice may cause eNOS
uncoupling,[34] which further contributes to the increased O, production. In addition to
the vasculature, Nox2 is a major source of ROS in macrophages. Nox2 ablation in mice with
ApoE knockout background suppresses the progression of atherogenesis possibly by
reducing macrophage recruitment to the vessel.[32] Although overexpression of Nox2 in
endothelial cells increases ROS production and macrophage recruitment, causing vascular
dysfunction,[35, 36] the role of SMC Nox2 in regulating leukocyte adhesion has been less
investigated. Here we found that Nox2 upregulation after HFHSD accounts not only for
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irreversible SERCA oxidation, decreased NO-stimulated SERCA activity and NO-mediated

inhibition of SMC migration, but also for increased macrophage adhesion to SMCs.

In summary, our study indicates that the upregulation Nox2 by HFHSD in aortic SMC
contributes to irreversible SERCA oxidation and impaired NO response of SMCs.

Downregulation of Nox2 can restore NO-mediated inhibition of SMC migration and reduce

TNFa-mediated inflammation, indicating that targeting Nox2 may be beneficial in
controlling the development of vascular diseases characterized by SMC migration and

inflammation such as atherosclerosis and restenosis, particularly in settings of diet-induced
obesity and metabolic syndrome.
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Figure 1. High fat, high sucrose diet (HFHSD) increases Nox2, SERCA oxidation, inflammation
and decreases NO bioactivity and NO-stimulated SERCA activity in intact aorta

A. Representative immunostainings of aortas from mice fed HFHSD or normal diet (ND) for
16 weeks. Quantitation in graph. Pictures were taken at 40x. *p < 0.05 vs. ND, n=5-10. B.
HFHSD inhibits aortic eNOS phosphorylation. *p < 0.05 vs. ND, n=3. C. HFHSD inhibits
NO-stimulated aortic SERCA activity. *p < 0.05 vs. ND, n=5-8.
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Figure 2. NADPH oxidase, SERCA oxidation and VCAML1 are increased in smooth muscle cells
(SMCs) from HFHSD-fed mice

A. mRNA levels of indicated genes in SMCs isolated from aortas of HFHSD- or ND-fed
mice and cultured in 0.2% FBS DMEM overnight. *p < 0.05 vs. ND, n=5. B. Representative
Western blots of homogenates of aortic SMCs isolated from HFHSD- or ND-fed mice and
cultured in 0.2% FBS DMEM overnight. Nox2 (58 kDa), Racl (21 kDa), Nox4 (66 kDa),
SERCA and SERCA C674-SO3H (110 kDa), p65NF«xB and p-p65NF«xB (65 kDa), VCAM1
(100 kDa), TNFa (17 kDa), GAPDH (36 kDa). Quantitation of band intensities in graph. *p
< 0.05 vs. ND, n=3-10.
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Figure 3. Smooth muscle cells from HFHSD-fed mice have increased ROS and macrophage
adhesion, and impaired NO-inhibited migration

A. ROS production in aortic SMCs is increased after 16 week HFHSD. Quantitation of
fluorescence intensities in graph. *p < 0.05 vs. ND, n=3. B. NO donor fails to inhibit
migration of cultured aortic SMCs isolated from HFHSD-fed mice. *p < 0.05 vs. serum,
n=12. C. Overexpression of SERCAZ2b restores the inhibition of cell migration by NO donor
in HFHSD SMCs. *p < 0.05 vs. LacZ (vector control), n=5. D. HFHSD enhances
macrophage adhesion to cultured SMCs, quantified in graph. *p < 0.05 vs. ND, n=6.
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Figure 4. Downregulation of Nox2 restores NO function and inhibits inflammation in HFHSD
SMCs

A. Nox2 knockdown by siRNA decreases irreversible SERCA oxidation and the expression
of inflammatory molecules. *p < 0.05 vs. control sSiRNA, n=3-7. B. Nox2 siRNA has no
effects on other NADPH oxidase components mRNA. *p < 0.05 vs. control siRNA, n=3-6.
C. Nox2 siRNA restored the inhibition of SMC migration by NO donor DETA NONOate.
*p < 0.05 vs. control siRNA, n=6. D. Nox2 knockdown reduces macrophage adhesion to
cultured SMCs isolated from HFHSD-fed mice. *p < 0.05 vs. control sSiRNA, n=4.
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Figure 5. Nox2 mediates TNFa-induced SERCA oxidation and inflammation in SMCs
A. TNFa (10 ng/ml) increases Nox2 expression, SERCA oxidation, and activates NFxB

and VCAML1 in SMCs. SMCs were isolated from aortas of mice fed ND. Band intensities
normalized by GADPH and expressed as percentage of PBS-control. *p < 0.05 vs. PBS,
n=3-6. B. Nox2 siRNA blocks the effects of TNFa on SERCA oxidation and inflammation.
Quantitation of band intensities indicated in graph. *p < 0.05 vs. control siRNA, n=3-6.
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Figure 6. Scheme of the potential mechanisms by which HFHSD contributes to cardiovascular
diseases
HFHSD-induced TNFa stimulates Nox2 and inflammation, leading to SERCA oxidation,

decreased NO bioactivity, and increased SMC migration and macrophage adhesion to SMC,
which can all contribute to vessel restenosis and atherosclerosis in settings of obesity.
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