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ABSTRACT
Race-dependent Modulation of Endothelial Cell Responses
to Shear Stress: Implications for Vascular Health
in African Americans
By Deborah L. Feairheller
Doctor of Philosophy
Temple University, January 2011
Major Advisor: Dr. Michael D. Brown
It is known that African American ethnicity is an independent risk factor for
exaggerated oxidative stress which is intricately intertwined withrmfiation,
hypertension (HT), and cardiovascular disease (CVD). The purpose of thisatiesert
study was to examine the racial differences that exist betweeni\Aio@ricans and
Caucasians in oxidative stress levels at the molecular level usingiéto model of
Human Umbilical Vein Endothelial Cells (HUVECS). African Americad\WECs were
found to have significantly higher baseline levels of oxidative sinegstro compared to
Caucasian HUVECs.
In order to establish proof of concept, three preliminary studies were conducted.
The first preliminary study, an acute exercise protocol was conductediig yealthy
adults in order to measure plasma oxidative stress markers in response te a singl
moderate intensity treadmill exercise bout. In this study, it was found thiaedanill

exercise did not elicit a race-dependent responses, but that AfricancAmadults had

higher level of oxidative stress at all sample times when compared to the i@asicas



A second preliminary study was conducted using a parallel cell cultugndes
measure basal oxidative stress levels in African American and CauchfdrCs
without stimulation. These data were shown in relation to the plasma levels ofvaidati
stress in resting African American and Caucasian adults. This was doderitcoshow
that the common oxidative stress markers measured in human plasma can also be
measured in cell culture supernatant and lysate. It was found that both Africailcakme
adults and HUVECSs had heightened oxidative stress and inflammatory mahlegrs w
compared to their Caucasian counterparts.

The third preliminary study was conducted using tumor Necrosis Fa¢ioiF-
a) as an inflammatory stimulant and measuring the oxidative stress respaiosie i
African American and Caucasian HUVECSs. This was done in order to show that cells of
different race respond differently to stimuli. It was found that the respon$é¢Ra Was
blunted in African American HUVECs.

The final step was to use laminar shear stress (LSS) as an exeroestcm
order to examine whether HUVECs from different race respond differétitlyECs
from both race were harvested under static condition (no LSS), with low LSS at 5
dyne/cni, and with a moderate level of LSS at 20 dyné/dtrwas found that despite the
fact that African American HUVECSs had higher levels of oxidative stradsr static
conditions, when LSS was applied, protein expressions and oxidative stress biomarkers
adjusted to levels that were similar to the Caucasian HUVEC adaptatio8S té-rom
this, it appears that African American HUVECs have a larger respon&Stgtimulus
indicating that aerobic exercise prescriptions may be valuable for thisapiopugince

the potential exists for large improvements in oxidative stress lewetsi$ population.
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CHAPTER 1
REVIEW OF LITERATURE
Introduction

African Americans exhibit higher incidence of cardiovascular dis€2¢B),
renal disease, disproportionate levels of hypertension (HT), as well as hetjhte
inflammation when compared to other ethnic groups, in particular CaucasiacanAfri
Americans also have higher levels of reactive oxygen species (R@8)aed
antioxidant capacity, and thereby favor a pro-oxidant state. These réedies
continue to be reported in the literature and defining the underlying reasons for t
disparity will help in clinical diagnoses and could potentially guide therapeuti
treatments.

In the United States, the latest Heart Disease and Stroke Sta@pbesthat over
73.6 million adults have HT, with annual treatment costs estimated at close taor8 bill
dollars. Furthermore, the American Heart Association (AHA) estimates angvef 1
death every 37 s from CVD. CVD is a broad term encompassing pathologies such as
stroke, heart failure, arterial disease, coronary heart disease, an@\HT continues to
be the leading cause of death for African Americans, and the prevalgdteatdne in
this ethnic group continues to exceed other U.S. populations.

Oxidative stress plays a critical role in the pathology and progression ahéH
CVD, and compelling evidence indicates that endothelial dysfunctionagnzed as the

hallmark step in the progression of overt HT. Furthermore, reactive superoxipis @



widely accepted surrogate marker for oxidative stress and is primpesdyiced by the
enzyme nicotinamide adenine dinucleotide phosphate (NADPH) oxidase. Production of
O, by NADPH oxidase contributes to endothelial dysfunction and thus is ullymate
associated with HT and CVD.

Endothelial dysfunction is a disregulation of transcription factors and gene
expression within the endothelium that leads to abnormal cell growth, vascular smooth
muscle hypertrophy, and ultimately atherosclerosis. The endotheliunrgeatgan that
exists as a monolayer of cells lining the inner surface of all blood 8e3$es$ lining of
cells serves as a dynamic interface involved in regulating passage otil@®lecand out
of circulating blood, in maintaining cardiovascular homeostasis, and also in ttegealeli
balance of oxidants to antioxidant enzyme activity. As the interior lining oélgseske
endothelium encounters a fluid shear stress from the flow of blood, and this atress c
modulate endothelial function. This constant blood flow and dragging frictional force
creates a laminar shear stress (LSS) on the endothelial cells. levefsrof LSS, such as
that found at atherosclerotic lesions or at vessel bifurcations, have beeatadseith
endothelial mal-adaptation, cell reorientation, and modified oxidant statueeOn t
contrary, high levels of LSS, representative of the increased blood flow duraimcae
exercise, have been associated with favorable endothelial adaptations sedincad
NADPH oxidase activity. Research continues to explore the physiologieatsthat
varying levels of LSS have on the endothelial surface in order to understand how this
LSS can modulate oxidative stress.

Several critical cell culture studies have specifically examinedfteets of LSS

on NADPH oxidase activity. In particular, Duerrschmidt et al. quantifiedxpeession



of specific NADPH subunits in response to LSS, and it was found that LSS down-
regulated endothelial NADPH oxidase actifitin this study, human umbilical vein
endothelial cells (HUVECS) exposed to fluid shear stress exhibited a tcheloae-
dependent response.

A centerpiece to the rationale for the proposed study is the recent study by
Kalinowski et al. that used also used HUVECSs to determine potential racemitfs in
NADPH-dependent © production between Caucasians and African Amerfcassseen

in Figure 1.1, they suggested that African American endothelial cells haficsigtly

250
200 —
150 <

100 -

Band density (Arbitrary units)

0

p67phox p47phox p22phox 135 kDa
NAD(P)H oxidase eNOS

Figure 1.1: Protein Expression Differences by
Race: NADPH oxidase protein subunit and total
eNOS protein expression differences in
HUVECs from Caucasians (open bars) and
African Americans (Solid bars).

{Kalinowski. | .. 2004}

greater @ production than Caucasian cells, evidenced by increased expression levels of
three critical NADPH oxidase subunits (p22phox, p47phox, and p67phox). Interestingly,
endothelial nitric oxide synthase (eNOS) expression was also highetdarf

Americans than in Caucasians, indicating a compensatory overproductioncobxiiie

(NO). Therefore, this endothelial environment in Blacks that favors oxidateg&sss



likely to contribute to endothelial dysfunction and, therefore, HT. No studydeasLSS,
as ann vitro model of exercise to examine race-specific differences in endotbelial
oxidative stress responses by comparing the expression of NADPH subtit¥HCs
from African American and Caucasian donors.

Based on the followingn vitro, in vivo, and clinical evidence that: 1) there
appears to be increased levels of NADPH oxidase subunits in endothelial Gahedbt
from African Americans; 2) high physiological levels of LSS down-raguNADPH
expression; 3) African Americans tend to have more endothelial dysfunatidmt)
disproportionate rates of HT; it is likely that endothelial NADPH oxedadivity plays a
mechanistic role in the pathology of HT in African American adults. Howesrnot
known if increased levels of LSS, such as those seen in exercise training,ecaa tiee
otherwise enhanced NADPH oxidase activity observed in endothelial cell@fraran
American donors.

Hypertension

Global HT rates have reached epidemic proportions, with 15-37% of the
population, or more than one billion individuals, diagn8sBtbod pressure is the force
exerted by the blood on all of the vessels in the circulatory bed. Researctabashes
that blood pressure increases with age, body weight, and inactivity. Furthermaatedele
blood pressure is a primary risk factor for CVD and peripheral artergdsBsas well as
implicated in end-organ disease of the kidneys and®h&etently, new guidelines for
prevention and management of HT were released by the “Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood

Pressure” (JNC) The dogma remains that through extensive translational scientific



research, a better understanding of the fundamental causes of this epatebgc c
understood and this could aid in the potential prevention and treatment of HT.
Racial Differences and Hypertension

Globally, it is well established that African Americans report the Ilsighe
percentage of HT°, and that HT contributes to higher CVD mortalities within this
populatiort®*2 From 1988-1994 through 1999-2002, the prevalence of HT in African
Americans increased from 35.8% to 41.4%. Compared to other ethnic groups, African
Americans develop HT earlier in life, at any given age have a higheillcwezeage
blood pressure, and their progression to more severe levels of HT are mare rapid
Because of this, the African American population has a 1.8 times risk of stroke, 1.5 times
risk of CVD death, and a 4.2 times risk of end-stage kidney disease when compared to
Caucasians The challenges in understanding racial differences in HT and how the
socioeconomic disparity between ethnic groups contributes to said réfeedmtes are
guite substantial. Some studies have categorized socioeconomic risk factors to orde
understand the potential associations that exist with higher HT and CVDitrestal
within racial group¥" *> In one study, it was found that African Americans tend to have
a higher frequency of elevated risk factors than Caucasians, but when adjusted for
education and other socioeconomic factor differences, the groups had relativetgident
rates of CVD. This indicates that the disparity in CVD is physiological arydnoigbe
socioeconomic. Despite this, HT treatment and control in the US continues to bautess t
optimal. The burden of HT on African Americans is extensive and identifying and
understanding the physiological mechanisms associated with raceaedides is vital to

improving public health.



Hypertension and Exercise

Exercise remains the cornerstone recommended non-pharmacologic teerapy f
treatment, control and prevention of ¥ *® '’ Current treatment guidelines prescribed
by the INC, the AHA, and the American College of Sports Medicine (ACSN) thizit
newly diagnosed HT patients should undergo lifestyle modificdfiofkese lifestyle
modifications include weight reduction, adoption of an AHA recommended low fat, low
salt diet, moderation of alcohol consumption, and increased aerobic exercikaoiiis
that increased physical activity beneficially modulates cardiac imaind that aerobic
exercise places a larger volume load on the heart and vasculature than ttaditiona
resistance exercise. Blood pressure reductions following singleaaralgic exercise
bouts are similar to the reductions seen with chronic exercise, systoligrprdesreases
about 5-8 mmHg, and diastolic pressures decrease by 6-8 Mnillégpite this, research
has yet to define the true cause of the blood pressure response to chronic aerobi
exercisé® %

A recent meta-analysis by Cornelissen and Fagard on the effects of chronic
aerobic exercise training reports that the reduction of resting blocklpgesas more
pronounced in HT study grouffsSeveral mechanisms have been proposed to explain the
differential responses reported with exercise in the HT population. Attesat
oxidative stress biomarkéfsvasoreactivit§?, vascular structural adaptations,
neurohumoral modifications, and genetics have all been mentioned. Despite this, little
research to date has addressed racial differences within the adagppivases to aerobic
exercise training, in particular within the African American populafiéh Nevertheless,

even with many suggested theories regarding the cause of HT as thellsabstantial



variation in individual responses to exercise, there is no conclusive evidence pgrporti
one mechanism over the others and therefore, research must continue.
Endothelial Function
The endothelium is the largest organ in the human body, located within the blood
vessels, and is a single cell layer of tissue that separates thendrarter vessel
linings*’. The endothelium also lines the inner face of all systemic organs. It imenity
autocrine and paracrine organ known to maintain circulation, coagulation, and
inflammation. The basal lamina of the endothelium sits atop a thin layer ofaascul
smooth muscle and it is believed that prolonged smooth muscle contraction within the
arteriole walls leads to extensive vascular remod&li@pnsidering its location, the
endothelium is the primary regulator of vascular homeostasis inyaiming a delicate
balance between vasodilation and vasoconstriction of the smooth muscle layst,aess w
between inhibition and stimulation of smooth muscle cell proliferatidie
endothelium also responds to modifications in activity of transcription fagtdraltered
gene expression. All of these adaptations could potentially play a rble development
of endothelial dysfunction and have been implicated in the pathological progression of
HT and other CVEY3?
Hypertension and Endothelial Function
Ultimately HT is determined by cardiac output and vascular resistangeh&tal
vascular resistance is affected by changes in circulating blood volumeathetic
nervous activity, renal filtration, and endothelial functfoioiseuille’s equation states
that vascular resistance is positively related to blood vessel length and blousityjs

while negatively related to the fourth power of vessel radius. Small changeBus can



have profound effects on blood flow. Therefore, the majority of the vascular mesista
not determined by large arteries or capillaries, but rather by the smootle mctszns in
smaller arteriole¥.

The function of the endothelium has emerged as a strong indicator of
cardiovascular health because impaired endothelial function is an early event in t
development of atherosclerosis and subsequently HT. Dynamic changes iotitle sm
muscle activity as well as alterations in molecular signal trd&fme how the
endothelial cell layer responds to stimuli. It is suggested that any imbaftatie
regulation of circulating hormones, autocoids, cytokines, and other vasoactive &etor
lead to endothelial dysfunctidh The imbalance can then lead to mechanical damage in
the endothelial layer which further disturbs the homeostasis, altering elingathe
dependent vasodilation, and contributing to the pathology and progressiof®of’HT
The specific mechanisms involved in the pathogenesis of endothelial dysfunction and
how it is related to altered vascular resistance and overt HT retodeselucidated.
Therefore, research continues to focus on potential mechanisms involved in the
pathogenesis of HT in relation to endothelial dysfunéfioh

Endothelial Cells

The single layer of the endothelium is comprised of endothelial cells. Tigese a
highly sensitive cells that can sense changes in hemodynamics, oxygenestessair
blood-borne signals traveling in the bloodstream. Due to their location, endotbbial ¢
facilitate all of the functions of the endothelium: regulation of vasodilation,
vasoconstriction, circulation, coagulation, and inflamméfioklso because of their

location, endothelial cells play a pivotal role in pathophysiological proceashsas



arterial disease and cancer development. Understanding the endothelesdpmgiises to
various biochemical and mechanical stimuli will help to elucidate tagalship
between endothelial function, subsequent dysfunction, and specific related pgatholog

In vitro study of endothelial function was not possible until techniques to culture
endothelial cells were developed in the early 1$7@ecently, methods have been
published describing a standard protocol that can be used to isolate and extract
endothelial cells from human umbilical cord véfaSince then, HUVECs have been
used to study many different biological processes because cellsdsiotan umbilical
cords are typically free from both pathogens and pathophysiologies. Experiraeats
used HUVECSs to examine inflammatf@napoptosi¥’, oxidative stress *® and cytokine
responses to pharmacological stirfiulin fact, HUVECSs have been one of the most
studied endothelial cell types since early reports were published in slesareftects on
NO production in HUVEC®' *° The physiological response of HUVECSs to any stimuli
closely mimics those responses of tnugivo endothelial cells, thus makimg vitro
research vital to the expansion of knowledge aboutvo mechanisms.

Exercise and the Endothelium

Using research to understand the physiological mechanisms of endothelial cell
responses will improve the understanding of how the endothelium as an organ functions
Increased physical activity increases the flow of blood through vessels eduses
changes in endothelial regulation. Because of its location, the endotheliansiardly
exposed to hemodynamic forces and thus is sensitive to different magnitudes of blood
flow. Aerobic exercise training, in particular, has a larger effect omabkeulature than

resistance type exercise (e.g.,weight trainthdhhis is because aerobic exercise causes a
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larger blood flow volume through the vessels. Traditional weight training does not have
the same influence on vascular functiorf® #3152

Over the years, numerous studies have shown improvements in endothelial
function with aerobic exercise. Several recent review articles higbtight extensive
literature that exists purporting the benefits that exercise traimisi@m endothelial
function. Both Di Francescomarino et al., and Moyna and Thompson provide extensive
reviews on the literature in aerobic exercise and endothelial function in Mimans
while Jasperse and Laughlin do the same for animal model sfudtiés believed that
the increased blood flow accompanying an exercise training regimauiages an
endothelial cell adaptation which can ultimately improve blood pressure; however, the
underlying mechanism remains to be elucidated.

Racial Differencesin Endothelial Function

Studies have shown that racial differences exist in endothelial function and
oxidative stress levelsAfrican Americans have been found to have impaired endothelial
function as evident by reduced NO bioavailability. The concept of NO bioavaiyabili
will be further discussed in the section that follows. Since NO is a powadabilator,
African Americans are then assumed to have impaired vasodilatory cagsiilit
Perregaux et al., Stein et al., and Kahn et al. studied forearm vessel fundtionrd
decreased flow mediated vasodilation in response to agdfifsts particular, both Stein
et al., and Kahn et al. studied forearm vascular function in response to infusion of
nitroprusside, verapamil, and methacholine in both HT and normotensive African
Americans and Caucasians. Separately, Cardillo et al. studied forearmlbleod f

responses to nitroprusside, isoproterenol, and acetylcholine in African Anseaicd
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Caucasians. In all of these studies, it was found that the vasodilator respsnse wa
significantly impaired in African Americans when compared to CaanasiSeveral other
studies have reported blunted responses to NO-mediated vasorelaxationan Afric
American adults, further suggesting the association with the rasgrdy in HT, CVD,
and end-organ damaye®? Separate research has also reported that African Americans
have attenuated vasodilation in response to environmentaf$tressglycerit?”, and
mental stres. And finally, Marchesi et al. confirmed that endothelial reactivity is
impaired in African Americans compared to Caucasians, and they asddbiatwith a
higher level of inflammation and infective burden in the African Americargiesf®,
Therefore, it has been established that African Americans tend to havendotieedial
dysfunction when compared to other ethnic groups. The excess disease burden among the
African American population is a public health concern and elucidating speciiat
differences in endothelial function and oxidative stress could provide insigimitakl
diagnoses and treatment.
Oxidative Stress

Perhaps the most abundant molecule in the biological system is oxygen. Oxygen
has two unpaired electrons that reside in different orbitals and have algmiall®ue to
this, oxygen is rather unreactive, so a univalent reduction often occurs cre@tirfcea
radical. The enzymatic sources of dclude uncoupled eNOS, xanthine oxidase, and
NADPH oxidase. @ can also be produced as a normal byproduct of aerobic metabolism
within the mitochondrial electron transport chain at cytochrome P450 by cytaelerom

oxidas&’. The Q anion is a powerful oxidation reduction agent, capable of both
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oxidation to Q as well as reduction to-B,. Because of its high reactivity and short half-
life (10°s), @ quickly undergoes several types of reactions.

Oxidative stress is associated with an increased production of ROS, through
augmented enzymatic release o) and with compensatory responses in the levels of
antioxidant activity® ®> ROS is a collective term that refers to oxygen based radicals and
nonradicals that exist as oxidizing agéhtBree radicals are defined as species that
contain one or more unpaired electrons and are capable of an unstable highly reactive
independent existenCe Radicals consist of O, hydroxyl (OH), peroxyl, alkoxyl,
carbon dioxide, carbonate, and hydroper&xyfhe primary nonradical ROS are
peroxynitrite (ONOQ and hydrogen peroxide £{8-).

In the early 1990s, Halliwell and Gutteridge defined antioxidants as ‘any
substance that, when present at low concentrations compared to those of an oxidizable
substrate, significantly delays or inhibits oxidation of that substtaw/ithin the bodly,
the three primary antioxidant defense enzymes are superoxide dismutased@aB3ge
(CAT), and glutathione peroxidase (GPX). Antioxidants act against oxidarsggaat
different levels; some scavenge species that are capable of abstgdtiogen atom
radicals like OH some bind metal ions creating compounds that will not generate further
reactive species, some remove peroxides by converting them to non-rauits| atd
others directly quench or scavenge ther&@lical. Each of these methods will be
discussed further below.

Oxidative Stress and Cardiovascular Disease (CVD)
In the United States, CVD causes over a million deaths a year, and evidence

suggests that ROS are involved in the development of many forms ofQWD
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particular, ROS are involved in CVD through an increase;ire®els which play a
pivotal role in vascular remodeling, HT, and atherosclefb8isFurthermore, HT has
been associated with an an increase in NADPH oxidase aCtiwitjch remains the
predominant vascular source of @ human&® ° Within the vascular wall, increased
oxidative stress, as evidenced by highgi&vels, alters several important physiological
functions. It is thought to alter blood flow regulation, membrane lipid oxidation, protei
oxidation, platelet aggregation, leukocyte adhesions, and control of cellular growth.
Many extensive review articles have highlighted the complex associatisedreROS
and their causal contributions to altered physiology and subsequent CVD pathatogies, i
particular HT> 698083
Superoxide Dismutase (SOD)

The SOD enzyme serves as the main protective antioxidant scavengingeenzy
against the @anion. SOD catalyzes the dismutation of Bto H,O, and watet’. Three
main isoforms of the SOD enzyme exist, manganese SOD (MnSODgdaoahe
mitochondria, copper/zinc SOD (CuZnSOD) located in the cytoplasm, and duteace
SOD (EcSOD) located in the vascular extracellular space. In mastdj4scSOD exists
in very small amounts, but throughout the circulation it can represent up to half the total
SO . Total SOD activity acts as a compensatory mechanism to minuasoelar G
production and thus preserve endothelial function.

These compensatory mechanisms of SOD activity can become disregulated in the
presence of endothelial dysfunction, atherosclerosis, HT, and other diseaseSitaties
have reported that levels of SOD activity are lower in HT patients when cednjoa

normotensives, suggesting a potential increaseisd@venging ®°. One study in
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particular compared EcSOD levels in normotensive and HT African Amsrarath
reported a lower EcSOD level in the HT subjéttalso, Gongora et al. studied
EcSOD-/- mice and found that a lack of SOD activity played a majorreredulating
blood pressure in Angiotensin Il (Angll)-induced HTDecreased SOD activity has also
been associated with aging which also has a fundamental link to hypertensiorb €heha
al. reported reduced SOD activity in elderly Tunisian adults compared togoung
adults?

On the contrary, some studies have found SOD activity to be upregulated in
certain diseases. Increased SOD activity has been reported in schirplaewell as
in the adaptive response to myocardial infaréfiohhese variations in the responses in
SOD activity to different disease states suggest that NO-meédatecavenging may
also differ since NO is the other direct Gcavenger. Specific oxidative stress
mechanisms involved in mediating pathophysiological states and in partftaaSOD
activity is associated to this defense remain the focus of intense iaiestig

The response to exercise in SOD activity has yet to be consistdathisised. In
animal studies, acute exhaustive exercise did not change SOD &tii¥ityhile other
studies have shown that gender and training status affected SOD re$p8h3ss
variation in SOD activity responses to exercise could be attributed teedidtes in
exercise intensity, exercise time, and exercise modality.

Whether racial differences exist in SOD activity also has yet to béstemty
reported. Recently, a preliminary time-course oxidative stress stuglgomapleted and
this will be described in full detail under the preliminary studies chaptexthBrit was

found that a sub-maximal treadmill exercise bout elicited a significargase in SOD
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activity from pre-exercise to post-exercise in Caucasian adults. Alfusistudy the
African Americans had significantly higher SOD activity compared tdC#agcasians.
Only one other study has reported racial differences in SOD activéisl&itouni et al.
reported that SOD activity was higher in diabetic patients comparealithyheontrols
and in their study they also reported that the African American patieshtsdraficantly
higher SOD activity compared to the Caucasian paffents

Separate data from a pilot study measured SOD activity in response ttea sing
maximal treadmill test. Blood samples were collected before exenctsanmediately
following the treadmill test. Figure 1.2 shows that at baseline, a higher leS€lDf
activity was found in African Americans compared to Caucasians. Also a deareas

SOD activity was measured after the acute maximal exercise in both grakpa. with

0.85
Pre-Exercise Post-Exercise Pre-Exercise Post-Exercise

Figure 1.2: Pilot Study: Racial Differences in SOD Activity. Total
SOD activity levels between African Americans (solid bars) and
Caucasians (open bars).

the results from the larger preliminary study, this pilot study confirmegheehS50OD
activity in African Americans. This suggests that African Americatiser have a higher
level of O production with compensatory increases in antioxidant enzyme release or a

higher physiological SOD enzyme levhki.vitro cell culture studies could likely provide
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insight to the differences in SOD activity and expression between Aficearicans and
Caucasians.

Few studies have quantified SOD activity in cell culture. Zhang et al. neglasur
SOD activity in HUVECSs to examine the effects of an agonist on bone mapéing
protein expression in relation to oxidative stress &% In both of their published
studies, SOD activities were decreased in respose to either Angll or tcedxidiz .

Also, Mailloux et al. measured oxidative stress responses to Angiotensiniaumver
enzyme inhibitors in HUVECs and found reduced GPX and SOD activities but not
malondialdehyd®? In a separate study, Mehta and Li found that epinephrine
upregulated SOD activity in human coronary artery endothelial€el4owever to date,
no study has measured SOD activity in relation to LSS, or compared SOD auwtivity
HUVECSs from different races.

Catalase (CAT)

As mentioned above, CAT is one of the primary antioxidant enzymes that exist in
the cell. CAT is the prominent peroxisomal antioxidant enzyme that is respdiositiie
reduction of HO; into H,O. Peroxisomes are known to be involved in fatty acid
oxidation, catabolism of purines, and the biosynthesis of bile acids and glycet8fipids
Oxidative metabolism in peroxisomes is complex and intricately integthwvith
mitochondrial metabolist>. Rapid scavenging of 4, and the maintenance of delicate
H.O; levels are vital to cell life and senescence. Extensive researchteatstsamines
the effects of KO, on cell function, oxidative stress, metabolism, and regulation©$.H

Experimental studies have shown that CAT is upregulated in the spontaneously

hypertensive rat but not in lead-induced*T°? Also, it is established that exercise
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training increases antioxidant activity. Linke et al. reported a 42% seigaCAT

activity with 6 months of exercise training in patients with chronic heutd4®. Yet no

study has examined for potential racial differences in CAT protein expndssels.

Since SOD activity and protein expression will be measured in the curdpt AT

protein expression levels will also be included as an indicatos®@f stavenging.
Nitric Oxide (NO)

NO is probably the best characterized and most important vasodilator in the
vasculature. It is a volatile gas endogenously synthesized by eNOS througiooafla
L-arginine into citrulling®, and causes smooth muscle relaxafibin addition to its
direct vasodilatory effect on smooth muscle, NO also controls vascular tone biypgeduc
O level$®. NO causes dilation of blood vessels through stimulation of guanylate cyclase
to produce cyclic guanosine monophosptfatén addition, NO also exerts anti-
inflammatory effects on the vasculature through inhibition of leukocyte ifi€sand
platelet activatioh. Other actions of NO that are not related to vasodilation or
cardiovascular function include regulation of insulin relE¥saeurodegeneratidt?,
memory function*, apoptosi§, atherosclerosts®, and immune responsé The
important physiological role that NO serves is evident, and any impairmertuatiosn
in the bioavailability of NO can lead to endothelial dysfunction which is asedaath
various disease states.

Levels of bioactive NO depend on the delicate balance between NO production
and degradation/sequestering through interaction withEddothelium-derived NO
rapidly inactivates the Oradical resulting in production of ONO@oth G and NO

contain unpaired electrons in their outer shells making the reaction betveeen t
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diffusion-limited; therefore, when concentrations of @&hd NO are high, the rapid
formation of ONOOis favored. Within the vascular wall, the rate of this diffusion-
limited reaction is as much as three times faster than the dismutatig‘rbgfﬂ)lj“.

This kinetic difference is integral to the determination of the level of NO
bioavailability**® **° and has clinical implications because NO itself is critical to the
mediation of endothelial functiéh ' In healthy vessels, a delicate balance exists
between NO and £ This balance favors the production of NO, therefore allowing an
optimal state of basal tone. Reducing the bioavailability of NO or scaven@rtgridugh
increased ROS production both appear to be fundamental processes involved in the
manifestation of endothelial dysfunction.

Investigations into the exercise training effects on NO function have focused on
examining whether adaptations in the regulation of blood flow and vascular tone
contribute to enhanced exercise capacity or reduced CVD risk. Based on all of the
studies, it appears that increased vascular NO production is a transfmgse to
exercise that seemingly may progress to structural adaptations wdmicto lenhanced
blood flow and substrate delivery through the vessel beds to active musclesaesl tis
In order to do such research on humans, it becomes necessary to have means of
guantifying the NO levels. Considering that NO is a highly reactive substance,
measurements of NO end-products in both plasma and urine are acceptable bsoofarker
totalin vivo NO bioavailability?.

The majority of studies in humans have reported increases in plasma NO levels
with chronic exercise training, in endurance athfétem runner? and in cyclist&* It

has also been shown that incremental rhythmic forearm exercise ex@asma NO
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levels in young healthy individudfs. On the contrary, two studies have separately
shown that neither 12 weeks or 6 months of aerobic exercise in older adultd alicite
change in plasma levels of N® 27 Animal studies have revealed that strenuous acute
exercise decreases NO levé&tsnd chronic exercise training increases plasma NO
levels?®,

Endothelial Nitric Oxide Synthase (eNOS)

Mammalian NO is derived from the conversion of amino acid L-arginine to L-
citrulline by a family of enzymes called NO synthases (N&JSyhree NOS isoforms
which are homologous in their primary structure have been identified: neuronal NOS
(nNOS), cytokine-inducible NOS (iNOS), and eN®SBoth nNOS and eNOS are
constitutively expressed and require high levels of calcium for activitgewWlOS is
inducible and acts in a calcium-independent manhér® Activation of these NOS
enzymes requires several cofactors: calmodulin, tetrahydrobiopterinPNAfavin
mononucleotide, and flavin adenine dinucleotide. NOS enzyme function is delicately
regulated and any insufficiency in the availability of these cofactads|® reduced
NOS activity, or uncoupling. When eNOS becomes uncoupled, NO release diminishes
and Q' levels are thus augmented. Specific pathologies such as HT and CVD are
believed to contribute to eNOS uncoupling, impaired NO regulation, and thus lead to
endothelial dysfunctiof.

Endothelial cells constitutively express eNOS, but this expression is yariabl
regulated by numerous conditions. In vivo, eNOS expression is reduced in patients with
heart failuré® reduced in cardiac myocytes of rats after intense extftiard

increased in spontaneously HT fats



20

Similar to the manner in whidim vivo mechanisms maintain a basal NO
production level in order to regulate vascular tone, cell culture studies also &haw a
basal NO productidri®. A pilot study has been completed that compared basal NO levels
between African American and Caucasian HUVECSs. It was found that Afgegerican
cells had a higher basal production of NO end-products as measured by the Gagiss as

(Figure 1.3).
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Figure 1.3: Pilot Study: Racial Differences in
HUVEC NO Levels. NO levels between African
Americans (solid bars) and Caucasians (open bars).

In vitro research has used NOS inhibitors to elucidate mechanisms involved in
regulation of NO production through transcription factor activation and found that NO
modulates gene expression of adhesion moleCllesodulates bradykinin-induced liver
damag&®, plays a role in endothelial cell proliferation and migrdfigrand is not
affected by homocysteine infusion, a methionine metabolite known to cause entlothelia
cell injury**°. Extensive amounts @f vitro research continue to demonstrate the shear
stress level-dependency eNOS expresétdf® further indicating the vital role that NO
plays in vascular function. The eNOS gene remains one of the best diieedtbear
stress responsive genes. It has been found that activation of eNOS occurs pratilomina

through Akt-dependent phosphorylation of eNOS at serine*4 ¥# Expression of
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eNOS increases in HUVECSs that are exposed to high physiologic levelSpah&

regulation of eNOS protein levels and enzyme activity involves both transcripdiathal

posttranscriptional modificatiofs. In 1995, Noris et al. demonstrated that LSS dose-

dependently upregulated eNOS expression and that oscillatory shear sE8¥sli@bnot

have the same effééf. A recent study was the first to provide insight into the potential

molecular mechanisms involved with upregulation of NO synthesis with increastsl le

of shear stress’. Lam et al. reported that increased blood flow stimulated an increase in

eNOS protein expression and enzymatic activity of the rate-limitingeatgr

biosynthesis of BH4, GTP cyclohydrolase. Thus it appears that a LSSustitaul

HUVECSs will induce an increase in eNOS expression and NO levels. Des$pitéhedin

vitro data on eNOS expression and shear stress, no study has examined racialedifferenc

in the response to a shear stimulus. Thus this dissertations study includedmgeasuri

eNOS expression in response to LSS in both African American and CaucasiarCHUVE
Total Antioxidant Capacity (TAC)

H,O, created by the SOD enzyme serves as an important redox signaling
molecule that stimulates molecular mechanisms involved in phenotypic chaeg#s sp
to endothelial dysfunction, vascular growth, apoptosis, remodeling, and inflammation.
Therefore, as an adaptation to this, biological systems have severaltmeamsve the
H,O, molecule. The CAT antioxidant enzyme can redug@.ltb H,O. Separately, the
GPX antioxidant enzyme can reduce glutathione to glutathione disulfidengiédo
H,O molecules. And finally, the 40, can also be reduced through &' catalyzed
fenton reaction.

Total antioxidant capacity (TAC) measures provide a relative cumulativaa
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of all the antioxidants present in the plasma and body fluid at the sampling tinfeisvhic
inherently a measure of the ability to scaveng@tParadoxically, it is predominantly a
measurement of the low molecular weight chain-breaking antioxidamtg @alith metal
binding antioxidant proteins. These can include urate, ascorbate, bilirubin, thioldl, as we
as the dietary carotenoids, flavonoids artbcopherol. The TAC assay itself provides
an integrated value rather than a mere sum total of all the quantifiabbeicartio
enzymes.

In human subjects, TAC levels have consistently been found to have an inverse
relationship with agé® HT***1 cvD™? 1*3 and also aortic intima-media thicknEés
This is similar to the relationships reported with SOD activity also suggesipotential
increase in @ levels which ultimately may be associated with endothelial dysfunction.
Research measuring TAC responses to exercise is limited, anduhs have been
conflicting. In 2005, Schneider et al. found that TAC levels increased with exatcise
at both low and high intensities but not at moderate intensity levels in hgalthy
men®. In their study, they found that both trained and untrained men had an increase in
TAC levels with a maximal graded exercise test and only untrained men hazease
in TAC with a low intensity exercise test. Neither group changed TAJs|&vith
moderate intensity exercise test. Yet, Fatouros et al. found that 4 months cdteoder
intensity aerobic exercise training from 50-80% of their heart ratenmuemisignificantly
increased TAC values in older untrained f@nWhen examining the antioxidant
adaptation to habitual physical activity, some studies report no relationshipghebA€
and aerobic capacity **7 while others have found an inverse relationSHip>°

Evidently, the variation in TAC response to an exercise stimulus is broad eDdé=s in
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sampling, methods, training status, age, and exercise conditions all appeariboteotatr
the variation in reported responses. Nevertheless, while only having a mefaBAf(e as
a global indicator of oxidative stress is inadequate, combining a range of keomar
measurements can be useful for assessing overall oxidative stress status

While much research has reported on TAC levels in response to exercise and in
relation to various physiological conditions, little research exists iexagnT AC in cell
culture. Measuring TAC levels, in conjunction with other biomarkers in order tesasse
oxidative stress in cell culture, can provide a relative predictive indicatbe
antioxidant defense of the cells. Therefaneyitro studies should provide potential
insight into cellular TAC activity as well as elucidate potentialedéhces that may exist
in TAC levels both between race and in response to an exercise stimulus.

Oxidative Stress and Exercise Training

Much research has focused on the oxidative stress responses to exercise, and
many extensive review articles exist summarizing these finfirtg%*® It has been
shown that exercise training causes a reduction in expression of NADPs&Xid4®
Also aerobic exercise has been shown to increase NO production, creatihgra\ty
bioavailability and therefore attenuated levels gf%®*?% **° And finally, as previously
discussed, exercise training also has been found to improve TAC and SOD bmtelgy
by increasing the antioxidant scavenging capability. Taken togetregllp research has
established that aerobic exercise can effectively improve oxidaties streels.

While research has established an improvement in oxidative stress lewels fr
exercise training, it remains to be confirmed whether the intensitydéegercise

mediates these responses. Few studies have investigated how exer@#g neguiates
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oxidative stress production. From these, it is hypothesized that exercrssatinteay
affect oxidative stress responses, where a higher level of intensity tnaihyacontribute
to increased ROS production that exceeds the antioxidant’s capacity. Goto eod#h. i
2003 and 2007 reported separately that levels of exercise intensity at 75% t4Dsed
an increase in oxidative stréss’® While in 2006, Wang et al. reported that exercise at
80% VOmaxalso caused higher oxidative stress. Other studies have also shown that
extreme vigorous exercise causes increases in oxidative strédsThese previous
studies have provided strong evidence that higher intensity of exercisetmalya
enhance oxidative stress, and show that research must continue to examine etfierenc
oxidative stress responses to varying exercise intensities in order tazeptie
therapeutic effects of exercise.
Racial Differences and Oxidative Stress

Research in humans that examines racial disparities in oxidative strelss |
between African Americans and Caucasians is limited. In one studyduynrZdt al., it
was reported that African American diabetic patients had higher 8@aer GPX
activities compared to the Caucasian patients. The authors hypothesizhd teduted
GPX levels could be associated with altered kidney function in the Africaariéam
diabetic subjectd. Another more recent study reported that circulating levels of
asymmetrical dimethyl arginine, a competitive endogenous inhibitor OssMere
significantly higher in African Americans than they were in CaucaSiai hese limited
data indicate the necessity for further research into the racialeditfes that may exist in
oxidative stress.

Interestingly, it has also been shown in cell culture that ethnicity cannoéube
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endothelial cell oxidative steady-state balance. Kalinowski et al. cochpde ONOO,
and Q production with NADPH oxidase subunit expression in HUVECs from both
Caucasians and African Americans using an electrochemical aihayanosensors
They reported that in African American HUVECS, expression levels af ttritcal
NADPH subunits (p22phox, p47phox, and p67phox) significantly exceeded that of the
Caucasian HUVECs by a relative two-fold difference. They also reptrée basal
levels of NO, ONOQ and Q@ varied between the ethnic groups. Specifically, African
American HUVECSs exhibited reduced NO and increased ON&@W Q' levels. Since
African American humans also consistently show heightened oxidatigs &xels
compared to Caucasians, furtiewritro studies are necessary to help define where
specific differences exist. This knowledge can then be used to guide futthiamstic
research which could then help in disease diagnoses and/or prevention.
NADPH Oxidase

Traditionally, ROS have been understood to be the harmful byproducts of aerobic
metabolism; however, there also exist enzymes that produce ROS dsamfianent of
the host defense mechanisms. Today it is understood that the NADPH oxidase enzy
expressed in many tissues and cells throughout the body, despite the fact itieltyorig
the enzyme was believed to only exist in phagocytes functioning in immune protectio
through a respiratory burst. The respiratory burst concept was initially disdawver
1933 " by Baldridge and Gerard, but then the idea was ignored for severaésettad
wasn’t until 1959 when Sbarra and Karnovsky studied the metabolic patterns of
leukocytes during phagocytosis that the biochemical mechanisms of thisphulte

oxidase were identifiéd”. Subsequently, controversy existed whether the enzyme’s main
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substrate was NADH or NADPH. Rossi and Zatti, in 1964, concluded that oxidation of
NADPH accounted for the respiratory btiftand this was further confirmed by other
studied’. In 1973, Babior suggested that the primary product of phagocytizing
leukocytes was ©and not HO,*"". From this point forward, molecular science
continued to investigate the NADPH Oxidase enzyme and its ROS producing.effect

Today it is widely accepted that NADPH oxidase-mediated ROS productio play
a vital role in the pathophysiology of endothelial dysfunction, inflammation, CVD
pathologies, and angiogenesis. Some current research is focused on the palatbilit
therapies against nonphagocytic NADPH oxidase aimed at decreaSgenération or
increasing NO availability may help prevent or regress target orgaagia Thus
understanding the physiological functions as well as the molecular corapadithis
enzyme has become exceedingly important.

NADPH Oxidase Physiology

The NADPH oxidase system is composed of a membrane bound flavocytochrome
b558 unit composed of gp91phox and p22phox, and the cytosolic subunits p47phox,
p67phox, and REE 1718 "° The membrane bound flavocytochrome b558 is the main
structural component, carries the non-covalently bound FAD cofactor for the@nzym
function, contains two heme groups, and is comprised(p22phox) ang (gp91phox)
subunits.

In 1987, Henderson et al. measured the depolarization of the membrane potential
associated with oxidase activity. They provided evidence for the firsthiatéNADPH
oxidase is electrogenic and contains a hydrogen conduction clfarBetause of this,

modern science accepts that when activated, the enzyme complex cataypees



27

electron transfer from NADPH in the cytoplasm to moleculao®the other side of the
lumen wall.

Within the membrane bound flavocytochrome b558, the small membrane bound
subunita, p22phox, has two or four transmembrane segments and a cytoplasmic proline-
rich C-terminal tail that serves as an anchoring point for the p47phox subunit when
activation occur$? The larger membrane spanning protein sutfrgp91phox, is also
known as NOX2. The N-terminal portion of this core region of NADPH oxidase contains
six transmembrane helices that coordinate the two heme groups, whiledimiQal
portion expands into the cytoplasm and contains the FAD and NADPH bindiri§’sites
is believed that these particular structural features are conseroag dme NOX
homologues. NOX2 serves as the catalytic component of the oxidase becantsnisc
the entire redox machinery for the enzyme. Thus, NOX2 is crucial for teguénd
activation of NADPH oxidase enzyme.

NADPH Oxidase has three main cytoplasmic components; p47phox, p67phox,
and Rac. P47phox is also called the “organizer” subunit because this protein is
phosphorylated at Serine residues in an autoinhibitory region causing a cytosolic
translocation that allows it to interact with the proline residues in then@ra portion
of the p22phox membrane bound subi{fiit® It is believed that this interaction
activates the enzyme, allowing the organized transfer of electrangyththe NADPH
core to create £ The smaller cytosolic component is a GTPase protein called Rac. This
molecule interacts with p67phox inducing a conformational change that makes the

activation domain functional in p67phSx %6 P67phox, is called the “activator” because
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once activated by G-protein Rac, p67phox interacts directly with the membrane bound
gp91phox to transfer the electron and ultimately produyce O
NOX Homologues

Until close to the end of the ®@entury, it was believed that only one ROS-
generating NOX enzyme existed. However, to date, there have been reporéasf at |
seven different homologues of the NOX enzyme with a wide range of tissue and cell
distributions®”. Depending on localization of the NOX enzyme, §eneration occurs
either within the lumen or on the outside of the plasma membrane. Also dependent on
NOX localization is how ROS are able to reach the cytoplasm: either byialffus
through anion channels or by dismutation ing®kwhich can freely diffuse through
membrane$®

Two of the NOX homologues are subunit-dependent enzymes which require
assembly of the subunits for enzyme activation. NOX1 was the first homotobee t
described. It is constitutively expressed and most abundant in the colon, smooth
muscle, organ endothelia, prostate, uterus, and osteoblast precursor cells. N@K1 ac
is dependent on all of the cytosolic subunits as well as membrane bound p22phox. The
second subunit-dependent enzyme is NOX2, also called gp91phox, and is often referred
to as phagocytic NADPH oxidaS@ This homologue was first described in macrophages
and neutrophils, and is most abundant in vascular endothelial cells, fibroblasts, and
phagocytes. NOX2 shares 60% sequence identity with N&xfd also requires all of
the subunits for activation. Expression of NOX2 is not constitutive, but rather inducible
by many different agonists.

NOX3 is the most specific tissue-restricted homologue, found mainly in the inner
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ear vestibular and auditory canals. It is thought to serve a role in the bicsythe
maintenance of otoconia but the mechanism remains unkfioihe NOX3 enzyme

shares about 60% sequence identity with NOX2, and activation of the enzyme functions
in a subunit-dependent manner that may be distinct from the other known NOX
families™",

There are four remaining NOX homologues identified. NOX4 is a constitutive
enzyme widely expressed in kidney and vascular cells, localized predominatel
intracellular organelles. Activation of this homologue is least understood, buhdtght
that NOX4 is dependent only on p22phox, and cytosolic subunits are not réuired

The last three homologues are alfCdependent. NOXS5 is found in lymphoid
tissues, testis, and fetal tissues. DUOX1 and DUOX2 are found in thyroid gland,
respiratory, and digestive epithelia. Mechanisms regulating these protestgla
misunderstood, but activation of each is associated with elevations in cytasdlic C
levels®.

NADPH Oxidase Activation

The entire NADPH oxidase enzyme complex sits in a quiescent sthte thi
membrane, either cell membrane or organelle membrane. It is believed itherease in
enzyme kinetics occurs during physical inactitity?® with agé® %% with HT%%:178 61
and with other specific CVD pathologies " "8 1**1%9a|so, molecular biology studies
have discovered several agonists responsible for NADPH stimulation. Stas&s
shown that tumor necrosis facto(TNF-a), endothelin-1 (ET-£§% ?** thrombirf®% and
platelet derived growth factor (PDGB)all can mediate production of ROS through

NADPH oxidase. Furthermore, research indicates that activated NADPH @xatpsres
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phosphorylation of cytosolic subunit, p47phox, through stimulation by ARgf*2%°

Angll binds to the Angiotensin typel receptor ultimately leading to conforméationa
binding between cytosolic p47phox and membrane p22phox, where the p22phox subunit
serves as the final electron transporter. Therefore, both the p47phox and p22phox subunit
have functional relevance in NADPH NOX2 activation.
p22phox NADPH Oxidase Subunit

The p22phox (CYBA) gene, located on the long arm of chromosome 16 (at g24),
encodes the-subunit of the membrane bound cytochrome complex, spans 8.5 kb and
contains 5 introns and 6 exdffs Association between the p22phox subunit and NADPH
oxidase activation is well established in the literdfliré®®%'* Also, genetic research has
reported many different CYBA variants that may be related to €% and HF* 2%
222 \While studies have shown association of CYBA polymorphisms with disease,
research on the relationship between genetic variations of the p22phox smlounit
exercise training is sparse. Park et al. have reported that theeAddleéYBA A640G
polymorphism may be associated with decreased plasma thiobarbituric ativkerea
substances (TBARS) levels, a common indicator of lipid peroxidation, after 6 months of
aerobic exercise trainig. And more recently, Feairheller et al. reported that pre-
exercise levels of 8-isoprostane prostaglandin&-iso-PGF,), a common indicator of
membrane lipid peroxidation, but not post-exercise training levels may beésdsgawith
the CYBA C242T polymorphisfi*. Both studies were done in adults, and together, they
highlight the important role that p22phox may have in NADPH oxidase-mediated O
production as well as the necessity for further exercise trainingrodsen this particular

subunit.
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gp91phox (NOX2) NADPH Oxidase

The catalytic subunit component gp91phox (CYBB), also known as NOX2, gene
is located at locus xp3% %% The NOX2 serves as the catalytic moiety of the NADPH
oxidase membrane bound flavocytochrome b558. It is recognized as the catalytic
component because it contains the entire redox machinery for the enzyme and has been
found to be the main heme binding subunit of NADPH oxitfase

In 2000, Bayraktutan et al. characterized the intracellular locations and
biochemical activities of the cytochrome b558 subunits and detailed their location i
endothelial cell§°. Since then, studies in gp91phox knock-out mice have confirmed that
NOX2 has a functionally important role in NADPH-mediated arterial RO®mgeiorf*.
Jung et al. found that renal clipping of gp91phox-/- mice tended to incrgase O
production, but renal clipping of wild-type mice caused a significant incred3g i
production. Renal clipping also did not alter eNOS, CAT, CuZnSOD, or EcSOD protein
expression in either gp91phox-/- or wild-type miféeln this same study, it was found
that NADPH oxidase inhibitors had no effect on endothelium-dependent relaxation in
either clipped or sham gp91phox-/- mice, but concentrations of Angll at 100nmol
impaired endothelial relaxation in gp91phox-/- mice. This suggests that gp91phox-
mediated @ production and subsequent NO scavenging may ultimately have relevance
for overall NO bioavailability.

Understanding the enzymatic mechanisms that lead to vascular ROS production i
relation to specific NADPH oxidase subunits are still not completely atuet.
Expression of NOX2 was originally thought to exist solely in granulocitgishas since

been found to be expressed in rat aortic endothelial cells and HI¥PESIsowing
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relationship with disease states, upregulation of NOX2 protein expressideda
reported in vein and artery segments from patients with coronary arteagéfi§ with
atherosclerostg®, in patients undergoing heart transpfarand in spontaneously HT
rat<>2 No study exists that measured NOX2 expression in relation to race.
p47phox NADPH Oxidase Subunit

The p47phox (NCF-1) gene, is located on the long arm of chromosome 7 (at q11),
has 10 introns and 11 exons, and encodes the cytosolic “organizer” subunit of NADPH
oxidasé®® Activation of NADPH oxidase is known to be associated with
phosphorylation of the p47phox subunit. Early studies suggested a role for
phosphorylation of a serine residue at positiorf¥7But subsequent research has
confirmed possible multiple other serine sites between 303 aitfr 3791t has also been
shown that p47phox plays a role in vascular remodglingbesity*® and HF>* 240

Cell culture studies have reported expression of p47phox in rat aortic endothelial
cells, in HUVECSs, and in neutropHifS. Similar to NOX2, p47phox expression is
upregulated in various disease states. Increases in p47phox protein expressiorrhave be
reported in vein and artery segments obtained from patients with coroteayy ar
diseas&™, from patients undergoing heart transpfarend in spontaneously HT r&ts
241 To date, Kalinowski et al. are the only group to report on p47phox expression in
HUVECsS in relation to rade

NOX4 NAPDH Oxidase Homologue

Recent studies have purported the importance of recognizing that the NOX4

homologue is a major source of endothelial oxidative stress. In 2004, Ago et ahevere t

first to suggest that NOX4 was the major catalytic component in endothelgf®cell
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Future studies confirmed this and further identified the possibility that NOX4 has
unique ROS generation and activaffBnit has been suggested that NOX4 acts
independent of cytoplasmic subunits, directly produces large amount®©gfand is
constitutivé*® In 2008, Dikalov et al. reported that in NOX4-depleted rat smooth muscle
aortic cells, the production of,B, was significantly reduced but the production gf O
was not affected, suggesting that NOX4 produces maisl®s4f. Yet, in 2009, Goettsch
et al. reported that NOX4 overexpression in human coronary artery endothédial cel
significantly enhanced Oproductio*. The variation in findings between these studies
indicate that NOX4 may have an oxidative stress species-dependent production.

In order to understand activation of the NOX4 homologue in relation to other
NADPH isoforms, molecular studies continue to elucidate the specific redwismy
pathways involved with induction. It has been consistently shown that the NOX4 type
NADPH oxidase promotes ROS generation through activation of extraceigrai-s
related kinase, mitogen-activate protein kinase, and receptor tyrosine?¥rfas in
comparison, NOX2 has been shown to be activated by Jun-N-terminal*&ase

Experimental studies have shown that NOX4 expression levels increase with age
are associated with TNé&induction, can be downregulated by long-term cyclic strain,
and are increased in chronic ¥ 2**%*!Despite this, NOX4 activity has yet to be
examined in relation to race, so this isoform was also measured in this study.

NADPH Oxidase and Exercise

Limited studies have specifically examined exercise trainingtsfltn NADPH

oxidase activity and reported that exercise reduced the expression of Néidide

and thereby decreased oxidative stfés¥® Duerrschmidt et al. used cultured HUVECs
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to quantify the expression of specific NADPH subunits in response ta ER@re 1.4

shows reduced mRNA expression of NADPH oxidase subunits gp91phox and p47phox
after 24 hours of LSS at 30 dynefcrBincein vitro LSS is hypothesized to simulate the
shear stress conditions elicited by aerobic exerniseo, this reportedn vitro
downregulation of NADPH oxidase activity may be an important contributor to the lowe

oxidative stress levels seen following exercise training in human subjects.
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Figure 1.4: Time-dependent NADPH Oxidase mRNA Expression. HUVECs
exposed to laminar shear stress of 30 dynes/cm for 1,4,12 and 24 hours. mRNA
expression of B. gp91phox and C. p47phox .

{Duerrschmidt, N. 2006. p561.}

Two animal studies exist that examined the effects of exercise on eapreks
NADPH oxidase subunits. Levada-Pires exercised rats on treadmills feeekks, 7 days
a week, for 1 hr each day at 45% of the maximal running &e@tie purpose of their
study was to examine how physical activity can enhance leukocyte funetiadhues
reduce infections. They found that exercise training caused an increase in gp91phox
p47phox, and p22phox expression in isolated neutrophils from the sacrificed rats. In a
separate study that investigated the effects of aerobic exercisedativaxstress in rat
adipose tissue, Sakurai et al. reported a reduction in expression of gpifhats in
this study exercised 5 days a week for 9 weeks on a 5-deg incline. These studie

demonstrate that training can influence expression of NADPH oxidase subumits i
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tissue-specific manner that is potentially regulated by the volume ant¥osity of
exercise.
Shear Stress
Molecules at the vessel endothelium have direct interaction with the amgulat
blood and thus respond to the action of forces by transduction of mechanical signals,
regulation of genes, and alteration in release of paracrine and autactors fThese
shear stress characteristics influence the character and prag@ssndothelial
function, dysfunction, and subsequent atherosclerosis and CVD pathologies.
Intravascular shear stress exists in two primary physiological féamsar and
oscillatory.
Oscillatory Shear Stress
The OSS is irregular, and generally acts along vessel bifurcatidmararh
points. OSS is also called turbulent flow and has been associated with vascular
pathologies typical of CVE¥® The disturbed shear regions usually correlate with
vascular areas that are prone to atherosclerotic lesion formation. Evidecetesdhat
OSS typically occurs at about 3-5 dynefand causes pathological adaptations such as
smooth muscle hypertrophy, altered endothelial-dependent vasodilation, and pyptential
atherosclerosf8 *' %! |t has also been found that OSS is associated with higher ROS
level>* #*and increased NADPH oxidase expresSibA®>. Hwang et al. used
p47phox-/- mice to show an increase in p47phox-dependent NADPH oxigase O
production with OS%® The mechanisms regulating how OSS contributes to
atherogenesis and how LSS confers an atheroprotective phenotype have belgjeche s

of intense research for years.
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Laminar Shear Stress

LSS is caused by a smooth and non-turbulent blood flow along the endothelial
layer inside the vessel walls. This type of physiological shear stresognized as
favorable to the endothelial cell environment and is known to induce the expression of a
number of beneficial endothelial paracrine and autocrine prédUuéts 21 LSS at only
10 dyne/crf (arterial levels of flow) has also been shown to regulate at least 107 genes
all of which are consistent with a “protective” phenofyfié®* 2°* Therefore, the
association can easily be made that as systemic and cardiac blood fleas@scwith
aerobic exercise, positive and ‘protective’ LSS increases because loiwogbflume and
velocity along the vessels increases. The importance of shear strélss arethanisms
underlying the athero-protective force of LSS in relation to raceetilain to be fully
elucidated.

In Vitro Shear Stress

Consistently over the years, research has shown that ¥tieo shear effects,
determined using aortic or venous endothelial cells of humans or animals, clearly
representn vivo physiological responses. Several studies have quantified shear stress
levels despite the usual difficulty in measuringivo levels of vascular shear stress.

In 1999, Malek et al. delineated the normal magnitudes of shear stress
encountered in veins, arteries, and in low-shear and high-shear pathologi¢’state
Venous shear streemnges from 1-6 dyne/cnand arterial levels range fratf-70
dyne/cn3, variations occurring within the vasculature over the cardiac Eycewer
levels (<4 dyne/cf), which are typically found at sites prone to atherosclerosis, stimulate

an athero-genic phenotype. While arterial levels (>15 dyrf¢fatuce a athero-
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protective phenotype. During mild intensity exercise, it is expected thatshess levels
along human vessels range from approximately 15 to 30 dyhe/cm

Identifying shear stress levelsvivo is difficult, but in one study, Gnasso et al.
used forearm ischemia to determine if wall shear stress in the human laaenawas
related to flow-mediated dilation, which is endothelium-dependent and largely NO-
dependerit®. In this study, they found that physiological shear stress ranged from 18.8 to
63.7 dyne/crhduring flow-mediated dilation. These levels are thought to be comparable
to shear stress levels during moderate to very intense exercise levels.

Furthermore, the beneficial effect from varying levels of LSSwdemonstrated
by Duerrschmidt et &. In their study, they applied LSS to HUVECs at 1, 5, 10, 15, 30,
and 50 dyne/cffor 24 hours and measured the NADPH oxidase subunit mRNA and
protein expression responses. At shear stress magnitudes of 1 and 5 HyRaBRH
oxidase expression was higher than control HUVECs without LSS. At the 10 mi§ne/c
level, NADPH oxidase expression started to reduce and was equivalent to control
HUVEC expression levels. Finally, at magnitudes of 15, 30 and 50 dyneN&BDPH
oxidase expression levels were significantly reduced to about half thet odntrol
HUVECSs. This demonstrates that shear stress levels between 15-50 dysaicm
potentially modulate oxidative stress.

Taken together, the fact that 5 dynefdésna physiological low level of flow and
20 dyne/cris within the physiological arterial shear stress |€&lthe fact that LSS
reduces @ production more than oscillatory stress does, and that mMRNA expression of
NADPH oxidase subunits reduces with increasing magnitudes, both 5 d§aed20

dyne/cnf are the LSS levels that will be used for the current study to simulate a
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physiological low flow and a moderate aerobic exercise flow in orderaimiexe their
affect on oxidative stress levels in both African American and Caucasian 68IVE
Summary

The present study is novel and important because it explored the capacity of LSS
at 5 dyne/crhand 20 dyne/cfy representative of resting physiological blood flow and
moderate aerobic activity blood flow, to correct NADPH-mediated oxidatieessand
improve antioxidant levels. Ultimately, this study provides mechanistichtssigto the
therapeutics of African Americans, which has important clinical s@amite because of
the overwhelming morbidity and mortality in the African American populatiomfooth
HT and CVD.

Briefly, HUVEC lines were subcultured in parallel and then subjected to LSS as
the intervention, while static control samples received no LSS. After thigjrprot
expression (NOX4, NOX2, p47phox, eNOS, SOD2, and CAT) was measured, total SOD
activity and TAC measured in cell lysate, and NO levels measured in ¢aliecul
supernatant for the static and both of the LSS samples.

Satement of Purpose

Studying the different NADPH oxidase subunit, eNOS, SOD2, and CAT protein
expression levels is critical because research suggests that theyfssaa fundamental
role in NADPH oxidase activation, antioxidant activities, and NO bioavatlialdlased
on the above reported literature, the purpose of this study was to investigate @aldothel
cell NADPH-induced oxidative stress mechanisms using LSS experimesdh culture.

The specific research objectives were to characterize potengadpacific differences in
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NADPH oxidase subunit and isoform expression, eNOS expression, antioxidant
expressions, and cell culture antioxidant levels in response to LSS.
Hypotheses

Increased levels of LSS modulate the endothelial environment favoregtayh
endothelium and lower blood pressure. Physiological evidence shows that elev&ted LS
comparable to blood flow levels during aerobic exercise, improves the endotéklial ¢
phenotype. Evidence also suggests that the NADPH oxidase subunits are important
factors in the modulation of oxidative stress with aerobic exercisenm@ihiHowever, it
is not known if LSS can reverse the otherwise enhanced NADPH oxidase activity
observed in endothelial cells from African Americans.

It is hypothesized that compared to static levels, LSS for 24 hours at 5 d§ne/cm
will upregulate all protein expressions, while LSS for 24 hours at 20 dyheitim
significantly reduce NADPH oxidase subunit expressions, increase aatixanzyme
levels, increase eNOS expression, and lead to increased NO bioavailabilityiiad:
HUVECSs. Furthermore, due to the heightened oxidative stress levels iamAfric
Americans and the potential for existing endothelial dysfunctios helieved that
African American HUVECs will respond to LSS stimulus differently tRaucasian
HUVECs.

Soecific Aims

1. Determine NADPH oxidase subunit and isoforms; p47phox, NOX2, and
NOX4; eNOS, SOD2, and CAT protein expressions, before and after exposingcaultur
HUVECSs from African American and Caucasian donors to LSS at levels cainigp#n

in vivo blood flow levels at rest (5 dyne/évand during moderate aerobic exercise (20
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dyne/cnf). Protein expression was measured by Western Blot analysis using antibodies
specific for NOX2, NOX4, p47phox, eNOS, SOD2, and CAT.

2. Determine NO bioavailability in African American and Caucasian HUY/EC
NO, SOD, and TAC levels were quantified. NO measurements were performaddpy us
the Griess reaction to measure total nitrate and nitrite in cell cgltypernatant. Total
SOD activity in the cell lysate was assessed using an assay wlashnegdismutation
of O, radicals generated by xanthine oxidase and hypoxanthine. Finally, TAC levels
were quantified using a commercial assay that measures the reductionaxi2obis-3-

ethylbenzthiazoline-sulfonate (ABTS).
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CHAPTER 2
PRELIMINARY STUDIES
Introduction
Three separate studies were conducted prior to the actual dissertaauhes
study, and these were completed in order to establish proof of concept. The fyrst stud
“Racial differences in the time-course oxidative stress responsestéoexercise”,
established that basal redox differences are inherent in adults of the taolitzee
second study, “Racial differences in oxidative stress and inflammatiaitro andin
vivo’, used a translational experimental design to show that the common plasmesmarke
of oxidative stress found to be higher in African American adults are also higher in
HUVEC culture from African American donors. The third study, “Effects of bNF
Stimulation on NOS Expression in Racially-derived HUVECSs”, was conduated t
examine whether the HUVECSs from different race responded differently to
pharmacological stimuli, in particular to TNE-
Preliminary Study #1:
Racial Differences in the Time-Course Oxidative Stress Respansesite Exercise
Abstract
African Americans have disproportionate levels of hypertension, cardiovascula
disease, and oxidative stress. The purpose of this study was to examingiffacsaices
between African American and Caucasian adults in time-course oxidatis® stre

responses to a treadmill exercise test. After a 12 hr fast, 18 participafrisgn
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American and 9 Caucasian: 21+0.4 years) completed a Modified Bruce treagtraihtl
underwent serial blood draws; Pre-Exercise, Post-Exericise (within 2 min), 30d60, a
120 min after exercise. At each time-point, SOD (U/mL), TAC (mM), proteinocy/ls
(PC, nmol/mg), and TBARs (umol/L) were measured. No difference ehbsteveen
groups for blood pressure, BMI, or exercise capacity. African Americahs ha
significantly higher (p<.05) SOD (Pre: 5.45+0.4 vs. 3.69+0.69; 60 min: 8.9920.7 vs.
4.23%0.6; 120 min: 9.69+1.6 vs. 3.52+0.7), TAC (Pre: 2.31+0.25 vs.1.16+0.3; Post:
2.39£0.2 vs.1.34+0.2; 30 min: 2.29+0.2 vs.1.09+0.2), and PC (Pre: 1.09+0.1 vs.
0.82+0.1; Post: 1.14+0.1 vs.0.81+0.1; 30 min: 1.13+0.1 vs.0.85+0.1; 60 min: 1.06+0.1
vs.0.81+0.05) compared to the Caucasian adults, but not TBARsS. Between groups, only
SOD exhibited a different time-course response: total SOD activigysiéor the African
American adults rose steadily throughout the 120 min, while levels for Gangas
peaked at 30 min and by 120 min had returned to pre-exercise value. In conclusion, race
had a greater effect on oxidative stress responses than sub-maximiaketiec
Introduction

African Americans exhibit disproportionate levels of HT, higher incidence of
CVD and renal disease, and elevated levels of oxidative stress when coropzhe t
ethnic groups, in particular Caucasians. Additionally, studies in un-stimulated diadlothe
cell culture have shown that these racial differences also exist in vitepbsting
heightened oxidative stress in African American cells compared to Canacatis

The effects of sub-maximal acute exercise on the oxidant/antioxidantealaer
a post-exercise time period are not well known. Inconsistencies are found is fresnlt

one study to the next due to differences in exercise protocol, training status, and gende
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It is also not well known whether a disparity exists between races in theiexistaess
response to exercise. Since exercise is often prescribed as a non-phaimtaealngent
of chronic diseases such as HT, and given that African Americans tend to have highe
levels of oxidative stress, it becomes critical to understand the apprapeaitese
intensity that will not elicit an exaggerated oxidative stress response.

Oxidative stress is an imbalance between the production of free radicaheand t
antioxidant system’s ability to buffer the oxidative damage. Exercisesansincrease
in oxygen consumption and therefore the production of ROS, ultimately leading to
increased oxidative stress if the antioxidant system’s buffering asilingufficient. This
oxidative stress response to exercise varies by biomarker. It is understquattias
are expressed in response to exercise, their expression levels peak ait diffe® and
the amount of time that it takes to return to baseline expression levels variaskiey.m
Classic pre-post exercise studies collect the post-exercise sammpdeliately following
the exercise bout, and only a few studies exist where more than two blood samples have
been collected to explore time-course responses to acute exercise. Alenmewsn
2007 Michallidis et al. investigated the time-course responses of severdivexeleess
markers during a 24 hr period after one acute 45 min treadmill exerssersat 70-
75% VOmal 2 They studied 11 untrained men and found different response times for the
oxidative stress markers. However, to the best of our knowledge, this type ohatudy
not been done to examine potential racial differences.

The purpose of our study was to examine racial differences between African
American and Caucasian adults in the time-course oxidative stress redparsesute

exercise bout. Because exhaustive exercise to volitional fatigue is not comoadiopla
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most exercise sessions among the general public, we sought to deternthres whe
responses to a sub-maximal exercise test differed by race.
Methods

Young college-aged students, aged 18-25 years, were recruited through
advertisements and word of mouth. All were apparently healthy and freel»fi€i/
factors, and this was assessed by completion of an extensive health histodyfiorg
an initial laboratory visit. The study was approved by the Institutional Re&¥gaxd of
Temple University, Philadelphia, PA., and all qualified students provided theirnyritte
informed consent (Appendix A).

Experimental Design

The students were asked to refrain from vitamins for 2 weeks prior, fromneaffei
alcohol, or exercise training for 24 hr prior, and to fast for at least 10 hr thicbeifpre
the study. Research has suggested that the hormone fluctuations during theamenst
cycle can influence oxidative stress responses to ex&rciskerefore, all females were
tested during days 1-5 of their menstrual cycle because hormone levels endwest
early in the follicular phase.

On the morning of the study, height and weight were measured, and a pre-
exercise blood sample was collected. Blood samples were collected in &WITA
Sodium-Heparin tubes, centrifuged at 2000 g for 20 min at 4 °C, and then the plasma was
frozen at80 °C until assay. Then a modified Bruce sub-max treadmill exerciseasst w
performed. The test was terminated when the student reached 75-80% of theataear
reserve, and regression analysis using data collected by indireatneditgrivas used to

predict VQmaxlevels. Post-exercise blood samples were collected at the followiag tim
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points: immediately following exercise (within 2 min), 30, 60, and 120 min. All students
remained in the lab area throughout the 2 hr post-exercise period in order to control f
food and water intake. During this time, they were instructed to sit and read, or work on
the computer, and were only allowed to drink up to 1 L of water. At the completion of the
test, juice and snacks were provided. Subject data was only included if 80% of the blood
samples were collected.

Measurement of Superoxide Dismutase (SOD) Activity

Plasma samples were diluted 1:5 in sample buffer (50 mM Tris-HCI, pH 8.0).
SOD activity was measured by assay (Cayman Chemical, Ann Arbor, Ml), dSA
previously reported’. Inter-assay and intra-assay coefficients of variation were 5.9% and
12.4 % respectively.

Measurement of Total Antioxidant Capacity (TAC)

Plasma samples were diluted 1:20 in Assay buffer (5 mM potassium phosphate,
pH 7.4, containing 0.9% sodium chloride and 0.1% glucose). TAC was measured by
assay (Cayman Chemical, Ann Arbor, M1, USA), as previously repdftédter-assay
and intra-assay coefficients of variation were 6.7% and 9.2% respectively.

Measurement of Protein Carbonyls (PC) Formation

Average human plasma protein levels were determined to be 6 g/dL by using the
Bradford Protein Assay prior to the measurement of PC. PC formation wasideter
with the Oxiselect™ Protein Carbonyl ELISA Kit (Cell Biolabs, Inc., Saagbj CA).
Inter-assay and intra-assay coefficients of variation were 5.5% and %&peéctigely.
Measurement of Thobarbituric Acid Reactive Substances (TBARS)

Lipid peroxidation was assessed by the measurement of TBARS in the plasma.
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Briefly, the assay involves the reaction of malondialdehyde (MDA), contained in the
sample, with thiobarbituric acid (TBA) under high temperature and acidic comslitd
form a MDA-TBA complex that can be quantified colormetrically. On the dagsay,
plasma samples were mixed with sodium dodecyl sulfate solution and TBA reagent (530
mg thiobarbituric acid solubilized in a mixed solution containing 50 ml of sodium
hydroxide and 50 ml acetic acid). Absorbance was read at 535 nm using a SpectraMax
Microplate Reader (Molecular Devices, Sunnyvale, CA). All reagents oldagned
from Cayman Chemical (Ann Arbor, MI). Inter-assay and intra-assayicieatts of
variation were 12.9% and 15.1% respectively.
Satistical Analysis
Data are presented as means = SE and significance was set at P < 0.05. The
distribution of all variables was examined using the Shapiro-Wilk test of noynaadd
homogeneity of variances was determined using Levene'’s test. All detanorenal.
Independent t-tests were used to determine if there were significan¢nités between
ethnic groups. Two-way repeated measures ANOVA, with Huynh-Feldt or Greenhouse
Geisser correction when necessary, were conducted to assess whethearsigfiects
of race or time existed. This was followed by post-hoc paired t-test analysasurder
the curve (AUC) was calculated by polynomial integration and independent t-tes
analyses was conducted to examine for differences between ethnic groupsca&tati
analyses were performed using SPSS version 17.0 (SPSS Inc., Chicago, IL).
Results
Eighteen young adults participated in this study. The entire group had ageavera

age of 21 + 0.4 years, BMI 25.8 + 1.1 kg/BP 123.8/78.4 + 2.6/2.2 mmHg, and M&
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of 45.1 £ 1.9 ml/kg/min. For analyses, participants were divided into groups byndice a
Table 2.1 shows the subject characteristics. No significant differersteckietween the

groups for any of these variables.

Table 2.1. Subject Characteristics by Ethnic Group

African Americans (N=9) Caucasians (N =9) P-Value
Age, yrs 21.3+0.5 20.6 £ 0.7 0.40
BMI, kg/m? 258+1.1 252 +2.2 0.83
VOzma, MI/kg/min 449+ 34 446 +2.6 0.96
Systolic BP, mmHg 122.6 +4.4 126.2 + 3.9 0.55
Diastolic BP, mmHg 79.0 £ 3.8 78.0+3.2 0.85

Data are presented as mean + SE. N, sample size; BMI, body mass indgx; VO
maximum oxygen consumption; BP, blood pressure.
SOD Responses by Race

Figure 2.1 shows SOD activity by race over time. There was a significent t
and race effect for SOD activity (p=0.02). Analyses showed a time effectire-

exercise to post-exercise (p=0.03), and from the 30 to 60 min (p=0.02) time points in the.
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Figure 2.1: Total SOD by Race. Comparison of SOD levels between African
American (closed triangles) and Caucasian (open triangles) adults. Values are
means = SE. * Significant difference between Ethnic groups. tSignificant difference
from previous sample time. Significance level set at p=0.05.
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Caucasian group. In the African American adults, analyses showed effiatiefrom
post-exercise to the 30 min point (p=0.01). Separate pair-wise analyses showed
significant differences between race at pre-exercise (p=0.04), 60 nlid()=and at the
120 min (p=0.01) time points.
PC Responses by Race

Figure 2.2 shows PC values by race over time. There was only a significant r
effect in PC levels. African Americans had higher PC values at all timespuwittty
statistical significance at pre-exercise (p=0.01), post-exggi€®00), 30 min (p=0.01),

and at 60 min (p=0.01) time points.
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Figure 2.2. PC Levels by Race. Comparison of PC levels between African American
(closed triangles) and Caucasian (open triangles) adults. Values are means + SE. *
Significant difference between Ethnic groups. Significance level set at p=0.05.

TAC Responses by Race
Figure 2.3 shows TAC values by race over time. Only a significant raes eff
was found in TAC responses. While the African Americans had higher TAC valalks a

time points, analysis showed significant difference between Africanidameand
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Caucasians at pre-exercise (p=0.01), post-exercise (p=0.00), and at 30 min (p=@.00) ti

points.
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Figure 2.3. TAC Levels by Race. Comparison of TAC levels between African
American (closed triangles) and Caucasian(open triangles) adults. Values are
means * SE. * Significant difference between Ethnic groups. Significance level set
at n=0.05.
TBARS Responses by Race

Figure 2.4 shows TBARS values by race over time. No significant time or race

effect was found.
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Figure 2.4. TBARS Levels by Race. Comparison of TBARS levels between African
American (closed triangles) and Caucasian (open triangles) adults. Values are
means + SE.

Total Area under the Oxidative Stress Response Curves (AUC):
Table 2.2 reports the AUC differences by race. Integration was competed t

analyze AUC for each oxidative stress variable. Independent t-tegsiaretiowed
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significant race differences in SOD, TAC, and PC, but not in TBARS. This datarasnfir
that the African Americans had a higher oxidative stress load over the antpérsy
time.

Table 2.2. Total Area Under Oxidative Stress Response Curves, by Ethnic Group

African Americans (N =9) Caucasians (N=9) P-Value
AUC SOD, U/ml per 120 min 986.0 £ 86.3 517.9+51.8 0.00
AUC TAC, mM per 120 min 293.2+£31.9 180.7 £ 23.4 0.01
AUC PC, nmol/mg per 120 min 126.1£7.7 96.9+£8.7 0.02
AUC TBARS, umol/L per 120 min 405.2 + 74.9 478.8 +54.9 0.44

Data are presented as mean + SE. N, sample size; AUC, total area undgydhsee
curve; SOD, superoxide dismutase activity; TAC, total antioxidant cap&etyprotein
carbonyls; TBARS, thiobarbituric acid reactive substances.
Discussion

The main findings from this study are that significant racial diffezsrxist in
oxidative stress markers, but the sub-maximal exercise intensity wasrmmlgh to elicit
an SOD activity response to the exercise bout. Research has establishethat c
aerobic exercise can effectively improve oxidative stress levels, brgghis on the
oxidative stress responses to acute exercise remain inconsistent. Repopselious
studies vary by response and by oxidative stress marker, and this discrepgrioy
largely influenced by exercise intensity, by vast differences in trastatgs, age,
gender, race, and exercise modality. High intensity acute exercise hashbge to
increase oxidative stre€s 2’2 while other studies report differential responses depending
on exercise intensity® 2’4 For example, Dayan et al. used a modified Balke exercise test
to examine lipid peroxidation in healthy males and found no change in lipid oxfdation

The sub-maximal intensity of a Balke protocol is similar to that used inwdy ahd we

also found no change in lipid peroxidation. Considering this disparity in the literature, it
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appears that further research is still needed to elucidate the oxidagsserssponses to
acute exercise.

In young Caucasian adults, we found that an acute sub-maximal exercise bout
caused a significant increase in SOD activity from pre-exercise tepestise with no
change observed in the African American adults. Some studies have shown no change in
SOD activity in animal models after acute exhaustive exérci§avhile other studies
have shown that gender and training status influence SOD respotis€8 No study
has examined the racial differences in response to acute aerobis@xerci

We found a racial difference in SOD activity over the time-course sampling
period. As mentioned, the Caucasian adults showed a significant increase acB8aip
in response to the acute exercise bout. These levels continued to rise until theyapeake
30 min, and by 60 min had returned to basal levels. On the contrary, the African
American adults had a delayed response to the sub-maximal exercise sfithallevels
of SOD activity didn’t begin to rise until the post-exercise time point and continued t
trend upward for the following 2 hr. To the best of our knowledge, only one other study
has reported racial differences in SOD responses, and this was in diabetitspat
Zitouni et al. reported that African American patients had significamglyen SOD
activity compared to Caucasian patients which is similar to what we found in otg”adul
The SOD enzyme is the main antioxidant enzyme that catalyzes the dismofati
superoxide anion into hydrogen peroxide, so a higher SOD activity in African American
adults suggests an existing higher level of superoxide production, and thus elevated
oxidative stress.

Elevations in oxidative stress interact with proteins, lipids, and deoxyribonucleic
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acid (DNA) causing protein degradation, lipid peroxidation, and DNA damage. The
effect of damage from exercise, however, depends on duration and degree of agercise
well as training status of the subjéétsROS- induced protein modifications lead to
altered protein structure or unfolding of proteins, and the most common products of
protein oxidation are the PC derivatives of amino acids proline, arginine, lysde, a
threonine. Carbonylation is an irreversible and non-enzymatic protein camversl the
byproduct derivatives are chemically stable and easily measuraldermaf oxidative
stres8’’. Recent research has reported PC elevations associated with many endogenous
and exogenous factors not related to exercise. Elevated PC levels have been found in
patients who are critically fil®, who have acute infectiéff, who have
neurodegeneratiéif, and in the pathogenesis of aditig™®? Finally, Yeh et al. recently
found that PC levels were significantly higher in African Americans esatpto
Caucasiarf8® Similar to this, in the present study, African Americans had significant
higher PC levels than Caucasians across all time points, thus having elevatadeoxidat
stress.

We also found that acute sub-maximal exercise did not elicit a change in PC
levels. Similar to these findings, Liu et al. compared the oxidative stsgssn®es in rats
to acute and chronic exercise. Their results showed that acute exeranseg(ton
exhaustion) did not cause significant changes in PC levels, whereas chroaigeexer
induced a small decrease. Studies also report that the magnitude of oxidative damag
associated with intensity of the acute exerciseB6at> High-intensity and high-
volumes of aerobic exercise elicit an increase in protein and DNA damagessede

by higher PC levef§® %7 Taken together, it appears that the intensity of a sub-maximal
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treadmill test is not sufficient to elicit a change in PC levels, and tlisar#irmed by
the present study.

The sub-maximal exercise test was also not a sufficient stimulusitaelic
response in TAC. Ashmaig et al. also observed no change in TAC in patients with
ischaemic heart disease who underwent a standard Bruce treadfifll ieswever, in
2006, Demirbag et al. measured TAC responses to a sub-maximum modified Bruce
treadmill protocol and reported a decrease in TA®articipants in their study were
patients with angina or angina-like symptoms. The variation in study populations may
have contributed to the different responses in TAC seen compared to those in the present
study. While we found no response to exercise in TAC, we did find significant
differences between races in TAC levels pre-exercise, postsxeacid at 30 minute
time points. African American participants were higher at all points, suggesdévated
oxidative stress exists and therefore heightened antioxidant levels.

Conclusion

In conclusion, race had a greater effect on oxidative stress levels thar time
exercise did. African Americans had significantly higher TAC, SOD, ante®ls when
compared to Caucasians, while SOD was the only biomarker to demonstraantliffer
responses to the sub-maximal exercise. These data confirm what has beersigre
reported that African Americans have a higher level of oxidative stresslathalso add
to existing acute exercise literature by providing evidence that & sagtmaximal
exercise bout will not elicit substantial oxidative stress responses, Iseoaly marker
to show response was SOD. Considering that exhaustive exercise to volitigue f&ati

not commonplace for most exercise sessions among the general public, these findings
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suggest that a moderate sub-maximal exercise intensity may be an apprexercise
prescription as a non-pharmacologic treatment for chronic diseases lilka¢iTVD
because it does not elicit undue oxidative stress.
Preliminary Study #2:
Racial Differences in Oxidative Stress and Inflammatiowitro andin vivo
Abstract

African American race is an independent risk factor for enhanced oxidatise stre
and inflammation. We sought to examine whether oxidative stress and inflammatory
markers that are typically measured in human also differ by race in ¢allectie
compared levels between African American and Caucasian young adplsatgs/, we
then cultured HUVECSs from both races in parallel in order to compare biomarkers
between the two races. We found heightened oxidative stress and inflammation in the
African Americans botin vitro andin vivo. African American HUVECs showed higher
NO levels (10.8+£0.4 vs 8.8+0.7 umol/L/mg, P=0.03), Interleukin-6 (IL-6) levels
(61.7+4.2 vs 23.9+9.0 pg/mg, P=0.02), and lower SOD activity (15.6+£3.3 vs. 25.4+2.8
U/mg, P=0.04), and also higher protein expression (p<0.05) of NADPH oxidase subunit
p47phox, isoforms NOX2 and NOX4, eNOS, iNOS, as well as IL-6. African American
adults had higher plasma protein carbonyls (1.1+0.1 vs 0.8+0.1 nmol/mg, P=0.01),
antioxidant capacity (2.3+0.2 vs 1.1+0.3 mM, P=0.01), IL-6 (5.3+£0.2 vs 2.4£0.3 mM,
P=0.07) and lower NO levels (27.2+4.4 vs 27.8+4.6 mM, P=0.71). This translational data
demonstrate that racial differences exist in HUVECs much like that in hyaraths
suggests that the racial origin of cell model may be important to considanwitio

research.
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Introduction

African American ethnicity is an independent risk factor for exaggerat
oxidative stress, inflammation, hypertension, and E¥A% 2°° Numerous clinical and
epidemiological studies have reported significant racial differencesbetAfrican
American, Caucasian, and Mexican adult populations. Oxidative stressfiemmseasther
an increased production of ROS, through augmented release of tlagliCal, or from an
incapability of the antioxidant system to effectively remove the RO%nhmflation and
oxidative stress are intricately linked through a complex cycle. Condystecreased
oxidative stress and inflammation have both independently been associated with chroni
disease, but it remains to be established which is the predecessor, and thisymasjl ve
depend on external factér§2%

Over the past several decades, there has been a growing body of evidence
defining the value of using cell culture as an appropret&ro model in order to
elucidate potential mechanisms associated with krnawivo adaptations found in
various pathophysiologi&¥. In particular, studies have used endothelial cell culture as a
suitable model for studyinign vivo endothelial function. A very recent review by Niki
highlights the importance of understanding the antioxidant capacity differbat@een
in vitro andin vivo models. Niki suggests that using cultured cells for mechanistic studies
may become more important as the use of animal models becomes moreZrfficult

Therefore, when thi vitro cell culture model is used as a research tool for
oxidative stress and inflammatory mechanisms, it is important that the cdmpmes
are representative of thevivo model considered. HUVECs have been used to study

many different biological processes because cells isolated from urhbdrcs are
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typically free from pathogen and pathophysiology. It is believed that theBQJV
responses to any stimuli closely mimic those responses ahtvis endothelial cells.
Research has established that racial differences exist in how hursaomisd¢o the
development, progression, and treatment of disease, however the racial origins of
cultured cells has commonly been ignored in the literature. Therefore, henagusible
that the complex mechanisms mediatingithevo racial variation could also exist
vitro between cell cultures of different races. Thus, it is critical to medsaiiariate
oxidative stress and inflammation levels of cultured cells and determine wtietber
levels actually differ between racial groups.

As human clinical studies continue, translating to an appropnatto model
will be an important step in understanding the underlying mechanisms in the observed
epidemiological differences. Therefore, we sought to examine whetheraomm
oxidative stress and inflammatory markers that are typically mehsuheimans also
differ by race in cell culture. Using standard assays, we compared oxistagise and
inflammation levels between African American and Caucasian young .a8efiarately
we then used a parallel cell culture experimental design to comparéxsteess and
inflammation levels in HUVECs from both race.

Methods
Ethical Approval

The Institutional Review Board of Temple University approved this study, and
gualified subjects were recruited through advertisements and word of moutienyVrit
informed consent (Appendix A) was obtained from each subject prior to partaipati

and all protocols conformed to guidelines as set forth by the Declaration afktels
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Human Subjects

Subjects included college-aged self-reported African American and Slanca
young adults, 18-25 years old. All were apparently healthy and freedobeascular risk
factors as assessed by completion of an extensive health history fonig @uinitial
laboratory visit. The subjects were asked to refrain from vitamin supplefetsveeks
prior, from caffeine, alcohol, or exercise for 24 hr prior, and to fast for atlédstthe
night before the study. All females were tested on days 1-5 of their méwyiriea
during early follicular phase, to eliminate hormonal interference on oxidatesssNo
females were on oral contraceptives. On the morning of the study, heigheghd w
were measured, blood was drawn from the antecubital vein into EDTA and Sodium-
Heparin tubes, and plasma separated by centrifugation and st@ed@tuntil assay.
Cdll Culture

HUVECSs from both African American (N=3) and Caucasian (N=3) donors were
obtained from Lonza (Walkersville, MD) and cultured in parallel, in EGM complete
medium supplemented with 2% fetal bovine serum (FBS) at 37 °C in a 95 % air- 5 %
CO, atmosphere, following methods by Lonza. HUVECSs at passage 4 were used for all
experiments. For all assays, control samples of culture medium weredlestgavith
the cell culture samples in order to eliminate potential interference tsttoreemedia to
the measurements. All experiments were completed three times for crditm
Western Blot

HUVECs were washed twice in ice-cold Hanks buffered saline solution artl lyse
in Radio-Immunoprecipitation Assay Buffer with Roche protease inhibitégtARRI).

Phenylmethylsulfonyl fluoride protease inhibitor was also added to the RIRA-P
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eliminate interference. At confluence, cells were collected and ceyadfat 16,000 g for
10 min at 4 °C. Quantification of protein content was measured by Bradford assay. 20 pg
of protein was separated by electrophoresis through 10% SDS-polyacrylamide gel.
Proteins were then transferred to nitrocellulose filter membranes. Meesbngere
blocked with non-fat dry milk in Tris-buffered saline and incubated overnight with
primary antibodies at 4 °C. Subsequently, the membranes were washed and then
incubated with secondary antibody conjugated with horseradish peroxidase.
Immunoreactive proteins were detected by chemiluminescence with d [ssriemtific
SuperSignal substrate systems (Pierce Biotechnology). Band densjtamagi/sis was
performed with National Institutes of Health ImageJ software. Priaaipodies were
Anti-NOX4 (ThermoScientific/Pierce Biotechnology, IL), Anti-gp91phox (K& and
Anti-p47phox (BD Transduction Labs, CA), Anti-SOD2 (AbFrontier), Anti-INOS and
Anti-eNOS (BD Transduction Labs, CA), Anti-IL-6 (Abcam, Inc., MA). Actin antipod
(Santa Cruz Biotechnology, CA) was used as the internal control for allrwesie
measurements.
Cell Harvest

The supernatant from confluent HUVECs was removed and immediately stored at
80 °C until assay. Cell lysate was collected by cellular fractionatioeflfgrcells were
washed once with ice-cold phosphate buffer solution, and resuspended in 2 mL cold
HEPES buffer (Lonza, Walkersville, MD) using a rubber scraper. Cellsseatefuged
at 600 g for 10 min at 4 °C, cell pellet resuspended in 500 ul cold HEPES buffer, and
then transferred to a Teflon glass coupling potter. Cell solution was homogenif&ia

rpm for 30 strokes while on ice, and then immediately centrifuged at 1500 g for 5 min a
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4 °C. Aliquots of the supernatant were store@@t’C until assay. The remaining
supernatant was then centrifuged at 10,000 g for 15 min at 4 °C. Protein concentration
was measured using the Bradford method.

For all procedures, African American and Caucasian HUVECs were treated
identically. Samples used for all assays were tested in duplicate, and absevhamead
using a SpectraMax Microplate Reader (Molecular Devices, Sunnyvale, CA).
Measurement of Superoxide Dismutase (SOD) Activity

Plasma samples were diluted 1:5 in sample buffer (50 mM Tris-HCI, pH 8.0),
while HUVEC cell lysate samples were not diluted. SOD activity was uneddy assay
(Cayman Chemical, Ann Arbor, MI, USA), as previously repdftedhter-assay and
intra-assay coefficients of variation were 5.9% and 12.4 % respectively.

Measurement of Total Antioxidant Capacity (TAC)

Plasma samples were diluted 1:20 in Assay buffer (5 mM potassium phosphate,
pH 7.4, containing 0.9% sodium chloride and 0.1% glucose), while HUVEC cell lysate
samples were not diluted. TAC was measured by assay (Cayman Chemicalbbr,

MI, USA), as previously reporté. Inter-assay and intra-assay coefficients of variation
were 6.7% and 9.2% respectively.
Measurement of Protein Carbonyls (PC) Formation

Average human plasma protein levels were determined to be 6 g/dL by using the
Bradford Protein Assay prior to the measurement of PC. PC formation wasidetr
with the Oxiselect™ Protein Carbonyl ELISA Kit (Cell Biolabs, Inc., Saagbj CA).

Inter-assay and intra-assay coefficients of variation were 5.5% and &peéctigely.
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Measurement of Interleukin-6 (IL-6) Levels

IL-6 concentrations were measured in human plasma and cell culture supernatants
by ELISA (Thermo Scientific-Pierce Biotechnology, Rockford, IL, JS#ccording to
manufacturer’s instructions. Inter-assay and intra-assay coeffi@émariation were
8.6% and 10 % respectively
Measurement of Nitric Oxide (NO) End-products

HUVECs were grown to confluence in phenol-red free EGM medium. Human
plasma samples and HUVEC supernatant were ultrafiltered through a 10,000 MWCO
Amicon Ultra filter (Millipore) by micro-centrifuge at 14,000 g for 30 mird&iC.
Levels of total NO end-products were measured using a modified GriagsAssay
Designs, Ann Arbor, MI, USA), as previously repoftédinter-assay and intra-assay
CVs were 7.6% and 10.6% respectively.

Satistical Analysis

Data are presented as means = SE and significance was set at P < 0.05. The
distribution of all variables was examined using the Shapiro-Wilk test of noynaadd
homogeneity of variances was determined using Levene'’s test. All detanorenal.
Independent t-tests and ANOVA were used to determine if there were sighific
differences between ethnic groups. Statistical analyses weogmed using SPSS
version 18.0 (SPSS Inc., Chicago, IL).

Results

Eighteen young adults participated in this study (9 African American8 and

Caucasians). The entire group had an average age of 21 £+ 0.4 years, body mass index of

25.8 + 1.1 kg/rh, and blood pressure of 123.8 + 2.6/78.4 + 2.2 mmHg. For analyses,
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participants were grouped by race. Table 2.3 shows the subject chaiestgrasiped by
race. No significant difference existed between the groups for any ofheseles.

Table 2.3. Subject Characteristics by Ethnic Group

African Americans (N =9) Caucasians (N =9) P-Value
Age, yrs 21.5+04 20.6 £0.6 0.25
BMI, kg/m? 25.6 £ 0.8 26.1+2.0 0.85
Systolic BP, mmHg 1216+ 4.0 126.2 + 3.5 0.41
Diastolic BP, mmHg 80.6 £ 3.3 76.0+2.9 0.32

Data are presented as mean + SE. N, sample size; BMI, body mass index; BP, blood
pressure.

Racial Differencesin NO production
No difference existed between the African American and Caucasian adults
(Figure 2.5A). However, African American HUVECSs had significantly high@ levels

than Caucasian HUVECs (10.8 + 0.4 vs 8.8 £ 0.7 nmol/L/mg, P=0.03) (Figure 2.5B).
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Figure 2.5. Racial Differences in NO Levels. A. African American (AA) and Caucasian (C)
human plasma. B. Basal HUVEC culture, AA and C. Values normalized to protein count. C.
eNOS and iNOS protein expression levels in AA(shaded) and C(open) HUVECS, basal levels.
ImageJ densitometric analysis of bands expressed in relation to f—actin. Bars show mean +SE.
*P<0.05 between ethnic group.
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In order to further assesasvitro NO production, the protein expression levels of both
eNOS and iINOS were determined by Western blot (Figure 2.5C). Protein expression of
both eNOS and iINOS were significantly higher in unstimulated African Asaner

HUVECs compared to Caucasian HUVECs (p<0.01).

Racial Differencesin Interleukin-6 (IL-6)

Because of the higher INOS protein expression in African American HUVECs
we then measured IL-6 levels in both the adults and HUVEC supernatant to determine if
a heightened inflammation level exists. No race difference existbe adults (Figure
2.6A). However, we found higher IL-6 levels in African American HUVECSs coeth&
Caucasian HUVECs (61.7 £ 4.2 vs 23.9 + 9.0 pg/mg, P=0.02) (Figure 2.6B). In order to
further assess tha vitro IL-6 levels, protein expression of IL-6 was determined by
Western blot (Figure 2.6C). We measured greater protein expression af IL-6 i

unstimulated African American HUVECs compared to Caucasian HUVECs (P<0.01).
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Figure 2.6. Racial Differences in IL-6 Levels. A. African American (AA) and Caucasian (C)
human plasma. B. Basal HUVEC culture, AA and C. Values normalized to protein content. C. IL-6
protein expression levels in AA (shaded) and C (open) basal HUVEC culture. ImageJ
densitometric analysis of bands expressed in relation to f—actin. Bars show mean +SE. *P<0.05
between ethnic group.
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Racial Differencesin SOD Activity

We found that African American adults had higher plasma SOD activity
compared to Caucasian adults (5.4 £ 0.4 vs 3.6 = 0.7 U/mL, P=0.04) (Figure 2.7A).
However, we found lower total SOD activity in African American HUVECs (15.6 £ 3.3

vs 25.5 + 2.8 U/mg, P=0.04) compared to Caucasian HUVECs (Figure 2.7B).
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Figure 2.7. Racial Differences in Total SOD Activity. A. African American (AA) and Caucasian (C)
human plasma. B. Basal HUVEC culture, AA and C. C. SOD1 activity basal HUVEC culture, AA and C.
Values normalized to protein content. D. SOD2 protein expression levels in AA(shaded) and C(open)
HUVECSs, basal levels. ImageJ densitometric analysis of bands expressed in relation to f—actin.

Bars show mean +SE. *P<0.05 between ethnic group.

Also, we found that African American HUVECs tended to have lower levels of
SOD1 activity (11.1 £ 3.9 vs 19.0 £ 5.0 U/mg, P=0.15) (Figure 2.7C). Further analysis of
protein expression of the mitochondrial SOD isoform, SOD2, showed that African

American HUVECSs also tended to have lower SOD2 expression (P=0.31) (Figure 2.7D)
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Racial Differencesin TAC

Figure 2.8 shows that African American adults had higher TAC levels compared
to Caucasian adults (2.3 £ 0.2 vs 1.1 £ 0.3 mM, P=0.01) and we also found higher TAC

in African American HUVECS (1.3 £ 0.4 vs 0.5 £ 0.1 pM/mg, P=0.04).
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Figure 2.8. Raclal Ditterences in TAC Levels. A. African American (AA) and Caucasian (C)
human plasma. B. Basal HUVEC culture, AA and C. Values normalized to protein content.
Bars show mean +SE. *P<0.05 between ethnic group.

Racial Differencesin Plasma Protein Carbonyls (PC)

Confirming heightened oxidative stress, we found higher plasma PC levels in

African American adults compared to Caucasian adults (1.1 £ 0.1 vs 0.8 £ 0.1 nmol/mg,

P=0.005) (Figure 2.9).
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Figure 2.9. Racial Differences in Plasma PC Levels. PC levels in African American
(AA) and Caucasian (C) human plasma. Bars show mean +SE. *P<0.05 between ethnic
group.
Racial Differencesin NADPH Oxidase Subunit Expression
To assess the potential for superoxide production, we measured protein

expression of NADPH oxidase subunits and isoforms (Figure 2.10). We found higher
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protein expression of p47phox subunit as well as the NOX2 and NOX4 isoforms in
unstimulated African American HUVECs compared to those in Caucasian HUVECs

(P<0.01).
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Figure 2.10. NADPH Oxidase Subunit Protein Expression by Race. Basal levels in
African American (shaded) and Caucasian (open) HUVECs. ImageJ densitometric analysis
of bands expressed in relation to B—actin. Bars show mean +SE. *P<0.05 between ethnic

group.
Discussion

In this preliminary observational study we sought to examine whether the known
in vivo racial differences that exist in plasma oxidative stress and in@iaonynmarkers
also exisin vitro in primary endothelial culture. A primary finding was that heightened
oxidative stress and inflammation existitro in African Americans. Oxidative stress
plays a critical role in the pathology and progression of CVD and HT, and recent
evidence suggests that low grade systemic inflammation of the vasculatuatsthay
297 Here we have shown that amvitro racial difference exists in cultured endothelial
cells in oxidative stress and inflammation levels. Recognizing that tfesedite exists
in HUVECSs could provide new directions for mechanistic and therapeutic research.

Over the past several decades, investigators have useditre cell culture



66

model as a research tool, yewitro research on racial differences is scarce. In 1995,

Frist et al. determined that African American HUVECs expressed higheds lef

fibrinolytic proteins when compared to Caucasian HUVEE8ut to the best of our

knowledge, only one study has measured oxidative stress in African American and

Caucasian HUVECSs. In 2004, Kalinowski et al. reported upregulated eNOS and NADPH

oxidase subunit expression for p67phox, p47phox, and p22phox in the African American

HUVECSs. Their data led them to conclude that the steady state,N&@nce in

African Americans may be kept closer to the characteristic red@xfetatd in

endothelial dysfunctioh We also report that African American HUVECs have higher

levels of oxidative stress than Caucasian HUVECs. Our study adds to previoussfinding

by showing that African American HUVECs may be predisposed to inflaromatore

than Caucasian HUVECs are. To the best of our knowledge, this finding is novel.
Research has suggested that the observed racial differences in preva{evite

and HT could be attributed in part to a blunted NO-dependent vasodilation seen in

vascular beds of African Americans when compared to Caucasfir¥ It has been

shown that vascular reactivity is altered in African Americans cordgar€aucasians,

but only a few studies have directly measured plasma NO end-products to assess

potential racial differences and limited studies have done so in HUVECSs of ueteport

origin®*"*#*® We found no difference between race in human plasma NO end-product

levels, but this could be attributed to low sample size or could be because our human

subjects were young adults. In African American HUVECs we found signily higher

level of NO end-products in cell supernatant suggesting a potentially aeghid@S

production in response to high'O
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In order to confirm the heightened NO production in African American HUVECs
we measured protein expression of two of the NOS enzyme isoforms: eNOS and iNOS.
In both, we found significantly higher expression in the African American HCB/Hhe
eNOS isoform is constitutively expressed in the endothelium, while activatiblOd§ is
usually cytokine induced. It has been reported that NADPH oxidase actiaggosiated
with eNOS expression and is required for INOS expred¥idft: It also has been
suggested that INOS expression serves a protective role against proirttiaynma
cytokine conditions, with specific association to 1°%6°%® Taking this into
consideration, we then measured IL-6 levels in the cell supernatant and cdrdirme
potential heightened proinflammatory state in African American compar€ducasian
HUVECSs. This was further confirmed by upregulated IL-6 protein expressibe in
African American HUVECs. However, given the fact that IL-6 acts as bpth-a
inflammatory and anti-inflammatory cytokine, further research should ooftfisin
vitro racial difference in inflammation levels with mechanistic studies.

Heightened oxidative stress has been found to be associated with augmented
antioxidant activity as scavenging increases to eliminate the ris¢ lev&s, and the
SOD enzyme serves as the main protective antioxidant scavenging exgaims the
O7 anion. In most tissues, SOD3 exists in very small amounts, but in the circulation it ca
represent up to half the total SOD acti¥ify Therefore in controlled cell culture
conditions, endothelial cell lysate would not have the same inherent percentages of
SOD3. In HUVECSs, we found African Americans had significantly lowerlgeggtotal
SOD activity, while in human plasma we found African American adults to have

significantly higher SOD activity when compared to Caucasians. Thisafiffercould be
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attributed to the large contributions from SOD3 to the total SOD measured iraplasm
from the African American adults. To confirm this, we then used cell fractionation t
compare isoform levels between racial groups and found that African American
HUVECSs tend to exhibit lower SOD1 activity and also lower SOD2 protein esipres
Together, our data suggest that total SOD activity is lower in unstirdAdtiean
American HUVECs compared to Caucasian HUVECSs.

Measuring TAC levels in conjunction with other biomarkers can provide a
relative indicator of the antioxidant defense and therefonreiro studies that include
TAC measures as part of their oxidative stress cascade could providegbateight
into cellular antioxidant activity. We measured TAC as the capacity ah@abxidants in
the sample to prevent ABT®xidation and found that both African American HUVECs
and African American humans had heightened antioxidant activity when compared to
Caucasians. This again suggests highsgitro andin vivo oxidative stress levels in
African Americans.

NADPH oxidase-mediated radical production plays a vital role in the
pathophysiology of endothelial dysfunction, inflammation, cardiovascular dseasd
angiogenesf§ 178 19229 244 yje found greater expression levels of p47phox, NOX2 and
NOX4 in African American HUVECSs than in Caucasian HUVECS. It has beemntegpo
that in primary endothelial cultures NOX2 and NOX4 serve as primary safrces
NADPH-derived oxidative stress, with some reports suggesting that NQXd imsajor
sourcé® 2439 oy findings are the first report of a racial difference in NOX4
expression. Recently, in contrast to other NOX proteins, NOX4 has been suggested to

directly produce large amounts of hydrogen perd®fdé* *® Taken together, we
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hypothesize that the mechanisms mediating increased oxidative stressaanchatfon
in African American HUVECs may be very complex. This should be investigattebf
in order to better understand timevivo African American endothelial phenotype and
associated mechanisms with the endothelial dysfunction that is typicallyethsso that
proper therapeutic interventions can be implemented.
Conclusion
In conclusion, this preliminary observational data show that relative to §lanca
HUVECSs, African American HUVECs exhibit enhanced oxidative stress and
inflammation levels through increased expression of NADPH oxidase, IL-6, @N®S
INOS, higher NO end-product production, and lower SOD activity. We have
demonstrated am vitro racial difference in basal HUVECs much like that foumglivo.
Furthermore, it is known that racial differences exist in how humans respond to
development and progression of disease. Therefore, these data suggest that itye ethnic
of cell model may be important to consider wittvitro clinical research depending on
the disease or condition under study.
Preliminary Study #3:
Effects of TNFe Stimulation on NOS Expression in Racially-derived HUVECs
Abstract
African American ethnicity is an independent risk factor for exaggerate

oxidative stress, inflammation, hypertension, and cardiovascular diseasegllt
established that racial differences exist in how humans respond to the development,
progression, and treatment of disease. It may also be true that the complex snexhani

mediating thign vivo variation could also exish vitro.
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Previously we have shown that under basal conditions, African American
HUVECSs have higher oxidative stress and inflammation levels than CaucasidaGsUVv
Research also has shown that TiNEauses a disregulation in NOS mRNA and protein
expression, but it is not known whether racial differences exist in this response.
Separately, it has also previously been reported that HUVECs preconditioned:@ith H
(to mimic ischemia) have a blunted response to TéEmulatiori®. Therefore we
aimed to determine if African American HUVECs had a blunted NOS protein exjpress
response to TNie-stimulation compared to Caucasian HUVECS, due to their higher
basal oxidative stress and inflammatory levels.

Parallel HUVEC cultures were incubated under four separate conditionsoC
cells received no stimulation, TNd-(100 U/ml) for 4 hr, SOD (100 U/ml) for 24 hr, and
SOD preincubation for 24 hr + TNé&for 4 hr. Protein expression of eNOS and iNOS
were measured by Western blotting.

We found that protein expression of both eNOS and iINOS was downregulated by
TNF-a stimulation. This effect was seen in HUVECs from both races. Furthermere
found that Caucasian HUVECs had a larger decrease in expression witdn TNF-
stimulation, the response was blunted in African American HUVECSs.

These preliminary data suggest that the heightened basal levels of inflamm
found in African American HUVECs may actually blunt the eNOS and iNOS responses
to a TNFe stimulation. Further mechanistic studies should be done to elucidate the
mechanisms responsible for this disparity and whether the blunted responsedo TNF-
stimulation is due to the higher levels of IL-6 previously reported in un-stiecula

African American HUVECs when compared to Caucasian HUVECSs.
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Background & Purpose

Previously, we have found that African American HUVECs actually hayteehi
basal levels of oxidative stress and inflammation when compared to CaucasialCslUVE
in a parallel culture study. Protein expression levels of IL-6 and NADPH @xidas
subunits p47phox, NOX2, and NOX4 were significantly higher in African American
HUVECSs. Prior to this, only one other study by Kalinowski et al. has reported on basal
oxidative stress differences between cells of different race.

Recently, Zahler, Kupatt & Beck8f showed that preconditioning endothelial
cells with transient oxidative stress actually reduced inflammatepprees to TNe-
stimulation. In their study, HUVECs were preconditioned witdHn order to generate
intracellular redox stress and mimic an ischemic condition. They found that MEEHJ
pre-conditioned with the ¥D, had significantly blunted responses to the TdNF-
stimulation, but the mechanisms responsible were not resolved.

TNF-a has been linked to endothelial dysfunction by depressing endothelium-
dependent relaxation and NO production level. Mechanistic studies have found that TNF-
a alters NOS mRNA stability leading to significant downregulation ofpx@luctiort””.
Therefore, we examined whether this inherent higher oxidative stress andnatiamat
baseline in African American HUVECs would influence protein expression of eN@S a
INOS, and whether the response to TiNEtimulation would vary by race.

Methods

HUVECSs were obtained from Lonza Inc.,(Walkersville, MD) from both African

American (N=3) and Caucasian (N=3) donors. The HUVECs were cultured Ilehana

EGM medium supplemented with 2% FBS and growth factors (Lonza) at 37 °C in a 95%
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air- 5% CO2 atmosphere, following methods by Lonza. All experiments were dethple
twice for confirmation.
Experimental Procedures

Human recombinant TNE-was purchased from Sigma (Saint Louis, MO) and
SOD was purchased from Worthington Biochemical Corporation (Lakewood, NJ).
Parallel HUVEC cultures were tested under 4 separate conditions: Contret, TG0
U/ml) for 4 hr, SOD (100 U/ml) for 24 hr, and TNF+ SOD (See the research design

pictured in Figure 2.11 below).

1. |  Control HUVECs - No stimulation |

2. | | 24hrs SOD (100U/mL) |
| |

3 | | 4hrs TNF (100U/mL)|
| | |

4. | 24hrs SOD (100U/mL) | 4hrs TNF (1ooU/mL)|

I I I
Figure2.11: Research Design.

100 U/ml of TNFe. was selected because it is a typical level used and falls
approximately midway between the highest and lowest levels used to stimUMEECSs
in similar studies. Cell culture supernatant was obtained and immediatedy fibz80C
for NO assay. Protein concentration was measured using the Bradford method. For al
procedures, African American and Caucasian HUVECs at passage 4 wee treat
identically. For assay, experimental samples were tested in duplicht®atrol samples
of culture media were tested along with the cell samples in order to eknpioizntial
interference from culture media in measurements. Absorbance was read using a

SpectraMax Microplate Reader (Molecular Devices, Sunnyvale, CA).
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Western Blot for eNOS & iNOS Protein Expression

HUVECs were washed twice in ice-cold Hanks buffered saline solution aadl lys
in RIPA-Pi. Phenylmethylsulfonyl fluoride protease inhibitor was also aduttet
RIPA-Pi to eliminate interference. At confluence, cells were deltecentrifuged at
16,000 g for 10 min at 4 °C. Quantification of protein content was measured by Bradford
assay. 20 pg of protein was separated by electrophoresis through 10% SDS-
polyacrylamide gel. Proteins were then transferred to nitrocelluléseriembranes.
Membranes were blocked with non-fat dry milk in Tris-buffered saline and inclibate
overnight with primary antibodies at 4 °C. Subsequently, the membranes were washed
and then incubated with secondary antibody conjugated with horseradish peroxidase.
Immunoreactive proteins were detected by chemiluminescence with d [ssiemtific
SuperSignal substrate systems (Pierce Biotechnology). Anti-eNOSHRiN®S
(BDTransduction Labs, CA). Actin antibody (Santa Cruz Biotechnology, CAused
as the internal control. Band densitometry analysis was performed usingdlati
Institutes of Health ImageJ software.

Results & Conclusion

These preliminary data show a significant response difference existebet
African American and Caucasian HUVECs to stimuli. Stimulation with TiNfaused a
significant downregulation in expression of both eNOS and iINOS in both cultured
African American and Caucasian HUVECSs. This response was blunted in African
American cells (45% compared to 71% for eNOS, and 64% compared to 66% for INOS).
Table 2.4 and 2.5 below show the expression changes with stimulation where basal level

was set to 0% for comparisons. While in this preliminary study there wergmficsint
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differences in the changes with stimulation between the groups, it desmsth further

studies that include higher number of HUVEC lines, differences may exist.

Table 2.4. Relative eNOS Expression Changes with Stimulation

Condition African American Caucasian
Basal 0% 0%
SOD -13% -59%
TNF-a -45% -71%
SOD/TNF«u -59% -50%

Table 2.5. Relative INOS Expression Changes with Stimulation

Condition African American Caucasian
Basal 0% 0%
SOD -25% -5%
TNF-a -64% -66%
SOD/TNF«. -69% -34%

Similar to Zahler’s findings, the pre-existing enhanced oxidative stréssican
American cells may actually be blunting the response to @NWe also found that pre-
incubation with SOD caused significant downregulation in expression of eNOS in
Caucasian HUVECs and in expression of iINOS in African American HUVE@s. T
variation may be related to pre-existing differences in total SOD gdtigttveen African
American and Caucasian HUVECs. We have previously found that SOD activity is
significantly higher in Caucasian cells. Another possibility is that nrestia differences
may also exist in NfB activation between the cells of different race, which needs to be

further examined. Finally, it appears that pre-incubation with SOD may thle
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response to TNFk-in HUVECSs, which should also be examined further in future studies.

Again, this may be attributed to different basal SOD activity between rac
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Figure 2.12: eNOS Protein Expression Levels by Race. eNOS protein
expression in African American (Shaded Bars) and Caucasian (Open Bars)
HUVECs under 4 conditions. *P<0.05 Between ethnic group. T P<0.05 From
basal level.
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Figure 2.13: iINOS Protein Expression Levels by Race. INOS expression in
African American (Shaded Bars) and Caucasian (Open Bars) HUVECs under 4
conditions. *P<0.05 Between ethnic group. T P<0.05 From basal level.

In conclusion, we have shown that the race of the cell culture model may be
important to consider. We have found that African American HUVECs have eathanc
oxidative stress and inflammation under basal conditions, and thus when stimulated wit
the inflammatory cytokine TNi; the response was blunted. Mechanistic studies need to

be conducted in order to elucidate the proper signaling pathway that has beteal affe
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CHAPTER 3
RESEARCH DESIGN
The dissertation study research design is pictured in Figure 3.1 belowvEEdJV
from both African American and Caucasian donors were cultured in parallel. After
subculture, one culture dish remained as the static control and did not receive the LSS
intervention. The other two culture dishes received the LSS intervention at two

magnitudes (5 and 20 dyne/@mAfter the LSS intervention, measures were collected.

HUVEC Subculture

White HUVECs Black HUVECs

Intervention
(* LSS for 24 hours
at 5 and 20 dyne/cm?)

1. Protein expression: NOX2, NOX4,
p47phox, eNOS, SOD2, and CAT
2. NO, SOD & TAC levels

Figure 3.1: Dissertation Study Research Design

Methods
Cell Culture
HUVECs were purchased separately as primary cultures fromaAfAmerican
and Caucasian donors from Lonza (Walkersville, Maryland). The cells weserped in

liquid nitrogen until subculture, and all experiments were conducted with HUMECs a
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passages four or five. Briefly, HUVECs are cultured in parallel iMEXGmMedium
supplemented with 2% FBS and growth factors. For NO measurement dishesCHUVE
were grown in phenol-red free EGM-2 medium. It has been reported that the addition of
phenol red to medium could potentially interfere with nitrate and nitrite memasats, so

for NO measurement experiments HUVECs were harvested in the phen@e&lIM-

2°% Furthermore, it has been shown that measurement of NO is most reliable when
levels are quantified from cells that have been cultured in low serum phencdeed f
mediunt®*. All cells were maintained at 37 °C, 97% humidity, and 5% ©Q00 mm

tissue culture dishes. Cultures were examined daily for confluency, mediomand to
observe the morphology, and LSS application was done when cells reached log phase and
were at 90-100% confluence.

It is recognized that EC culture methodologies have many uncontrolled
confounding variables (e.g., cell density, serum lot, place in incubator, etay¢hat
critical to success of the project. To minimize these confounding variablégd pa
longitudinal experimental design was followed. Parallel cultures weregsed
identically for each race, two sets of cells were exposed to LSS, one& satpdevel of
LSS, and a third set remained as the static control. After this, the rguribit@in
expression levels and oxidative stress biomarker measures were cotopeaeld other
(e.g. paired t-test). Three cell lines from each ethnic group weee tesid all
experiments were completed twice for further confirmation.

In Vitro Flow: Laminar Shear Sress (LSS
As previously explained, unidirectional LSS was used as a model for aerobic

exercise-induced vascular shear stress. Confluent HUVECs grown inlgaraéiparate
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100-mm tissue culture dishes were exposed for a period of 24 hr to LSS at two levels
low physiological flow, 5 dyne/cfnand moderate exercise flow, 20 dynefcusing a
rotating Teflon cone (0.5 deg cone angle) according to the methods of & eShéar
experiments were conducted in a humidified incubator with 5%at37 °C.
Protein Expression: Western Blotting

Immediately following LSS application, both the static and LSS culture dishes
were harvested for protein analysis. Radio-Immunoprecipitation AssdgrBuith
Roche protease inhibitor (RIPA-Pi) was used to enable cell lysis andzstdbd protein
solution while protein concentration in the cell lysate is measured. Phenylsothyyl
fluoride protease inhibitor was also added to the protease inhibitor-buffer ttaktai
eliminate interference. Briefly, cells were washed twice with colakd@uffered Saline
Solution. A 400 ul vol of the RIPA-Pi cocktail was added and rubber scraper used to
remove adherent cells. Cells were collected, centrifuged at 16,000 g fon Hd 4niC.
Immediately, a Bradford Protein Assay is performed to measure th@éprote
concentration. From there, a 5X SDS dilution is made with molecular gr&ieTHe
protein-SDS solution is then boiled for 3 min at 95 °C and the sample immediately froz
to 80 °C for storage until Western Blot.

Aliquots of cell lysate at 15 pg of protein each were separated by SG&BA
10% gels and electrotransferred to nitrocellulose filters, and then the nmenvaa
incubated overnight with primary antibodies at 4 °C. After washing and inonbaith
secondary antibody conjugated with horseradish peroxidase, total protein veasdleye
chemiluminescence. Band densitometry analyses were completedmagey software,

National Institutes of Health, to direct comparisons between experimet#af.sThe
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primary antibodies included were Anti-NOX4 (Pierce Biotechnology),-§péilphox
(BD Bioscience), Anti-p47phox (BD Biosciences), Anti-SOD2 (AbFroptianti-CAT
(Calbiochem), and Anti-eNOS (Transduction Labs). Anti-Actin antibodptéS@ruz
Biotechnology, CA) was used for internal control.

Nitric Oxide (NOX)

NO levels in HUVEC culture medium supernatant were measured using a
modified Griess assay. Following LSS application, cell supernatant wastedlffrom
both static and LSS HUVECSs. During 24 hr of LSS some evaporation of media occurred,
so at time of harvest the volume of remaining supernatant was measured atedl &0jus
the starting volume of 10 mL using fresh phenol-red EGM-2 media. Solution was
completely mixed by pipette, and aliquots were frozeB&tC until assay. On the day
of assay, all samples were ultrafiltrated through a 10,000 MWCO filgmgsAldrich)
by micro-centrifuge at 14,000 g for 30 min at 4 °C. Briefly, the assay involves an
enzymatic conversion of nitrate to nitrite by Nitrate Reductase (gdpgispecies)
followed by measurement of nitrite through formation of a magenta-colored azs dye
product of a Griess reaction. The Griess reagents used are N-(1-naphttenipth
amine in 2 M hydrochloric acid and sulfanilamide in 2 M hydrochloric acid. Absorbance
was read at 540 nm using a SpectraMax Microplate Reader (Molecular Devices,
Sunnyvale, CA). All reagents are from Assay Designs (Ann Arbor, MI).-agsay and
intra-assay CVs are 7.6% and 10.6% respectively.

Superoxide Dismutase (SOD)
Immediately following LSS application, cell lysate was collected thinozellular

fractionation in one of the 100-mm tissue culture dishes. Cells were washed tmce wi
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cold phosphate buffer solution, and then collected in 2mL cold HEPES buffer using a
rubber scraper. The cell-HEPES solution was then centrifuged at 600 g fon &0 4ni
°C. Cell pellet was resuspended in 500 ul cold HEPES buffer and then transferred to a
Teflon glass coupling potter, homogenized at 1600 rpm for 30 strokes while on ice, and
then the homogenate was immediately centrifuged at 1500 g for 5 min at 4 °C. The
supernatant was then frozen in aliquot8@t°C until assay for both total SOD and for
TAC.

Total SOD activity was determined using a commercially availablgEkiyman
Chemical, Ann Arbor, MI). SOD activity was measured by utilizing a tetnanosalt
radical detector solution, diluted in assay buffer (50 mM Tris-HCI, pH 8.0, containing 0.1
mM diethylenetriamine-pentaacetic acid and 0.1 mM hypoxanthine), to deperbside
radicals generated by hypoxanthine and xanthine oxidase. One unit of SO activit
defined as the amount of enzyme needed to exhibit a 50% dismutation of the superoxide
radical. Absorbance was read at 450 nm using a SpectraMax Microplate Reader
(Molecular Devices, Sunnyvale, CA). The kit detection limit is 0.025 U/ndr{assay
and intra-assay coefficients of variation are 5.9% and 12.4 % respectively.

Total Antioxidant Capacity (TAC)

Measurement of TAC activity in cell lysate is based on the ability abadants
to inhibit the oxidation of ABTSto ABTS®* by metmyoglobin. The capacity of
antioxidants to prevent ABT®xidation is compared with that of a water-soluble
vitamin E analogue, Trolox. Absorbance was read at 750 nm using a SpectraMax
Microplate Reader (Molecular Devices, Sunnyvale, CA), and TAC activity ifjedras

millimolar Trolox equivalents. TAC activity was determined using a cencrally
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available kit (Cayman Chemical, Ann Arbor, MI), where the detection linGitd44 mM.
Inter-assay and intra-assay coefficients of variation are 6.7% and 9.2%gtixedpe
Statistical Analysis

Data analysis began with descriptive statistics including means, mestamsard
deviations, and standard error for static controls and sheared cells fatleaichgroup.
Within group analysis was done using paired t-tests comparing before aridS&ter
intervention values between each LSS level. Between racial group anagsiomne
using independent t-tests for before LSS, after 5 dyrfemd after 20 dyne/chi.SS
intervention. Following this, change values from before LSS and between ®th LS
levels were calculated for each variable, with t-tests done on each clzugevithin
and between groups.

Densitometric analyses was completed using the ImageJ softwatd-(Bware)
to quantify protein expression levels. All protein measurements were norantalites
Actin internal control expression, and these normalized values were usddstatistical
analyses.

Finally, a two way ANOVA analyses was computed to examine for anybsace
shear stress interaction. All statistical analysis were performeg Mscrosoft Excel and
SPSS version 18.0 (SPSS Inc., Chicago, IL). Data are expressed as mBeatl+S

significance set at P<0.05.
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CHAPTER 4
RESULTS
NADPH Oxidase Protein Expression and Activity Results
P47phox Protein Expression by Race with LSS
Figure 4.1 shows the p47phox protein expression levels by race with LSS. There

was a significant race effect (p=0.04) under static conditions which dekisbtafter
application of LSS at either magnitude. African American HUVECs had hgt#&phox
protein expression. The only significant LSS effect was in African Ameh3aVECS

where p47phox protein expression was lower with 20 dyrfel&8 (p=0.05).
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Figure 4.1. p47phox Protein Expression Levels by Race with LSS. A. p47phox protein
expression levels in African American (solid bars) and Caucasian (open bars) under static
conditions and with LSS interventions. B. Representative western blot and B-actin control blot
for African American (AA) and Caucasian (C) HUVECs. ImageJ densitometric analysis of bands
expressed in relation to f—actin. Bars show mean +SE. *P<0.05 from static. #P<0.05 from 5
dyne/cmz. 1TP<0.05 between ethnic group.
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Table 4.1 reports the p47phox protein expression differences with LSSeby rac

There were no significant differences in changes with LSS underoaaljtion.

Table 4.1. Differences in p47phox Protein Expression by Race with LSS

Race Static-5 dyne/tm  5-20 dyne/crn Static-20 dyne/cfn
African American 0.032+0.1 -0.263+0.1 -0.231+0.1
Caucasian 0.209 £ 0.2 -0.127 £ 0.2 0.082 £ 0.2

Data are reported in arbitrary units (band derf&i&gtin density), and expressed as mean
+ standard error. Band density measured by ImageJ analysis software. §kbilps,

* indicates significant difference from static-5 dynefawndition, # indicates significant
difference from 5-20 dyne/cm t indicates significant difference between racial groups.
(p<0.05)

NOX2 Protein Expression by Race with LSS
Figure 4.3 shows NOX2 protein expression levels by race with LSS. Figure 4.
shows the NOX2 protein expression differences with LSS by race. There was a
significant race effect on NOX 2 protein expression under static conditio@g)=
African American HUVECs had higher NOX2 protein expression compared to
Caucasian. There were no significant differences in response with LSS.
On the following page, Table 4.2 reports the NOX2 protein expression differences

with LSS by race. There were no significant differences with LSS ungerosndlition
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Figure 4.2. NOX2 Protein Expression Levels by Race with LSS. A. NOX2 protein
expression levels in African American (solid bars) and Caucasian (open bars) under static
conditions and with LSS interventions. B. Representative western blot and B-actin control blot
for African American (AA) and Caucasian (C) HUVECs. ImageJ densitometric analysis of bands
expressed in relation to f-actin. Bars show mean *SE. *P<0.05 from static. #P<0.05 from 5
dyne/cmz. 1TP<0.05 between ethnic group.

Table 4.2. Differences in NOX2 Protein Expression by Race with LSS

Race Static-5 dyne/tm  5-20 dyne/cth Static-20 dyne/cfn
African American -0.012+0.1 -0.166 £ 0.2 -0.153+0.1
Caucasian -0.067 £0.1 0.126 £ 0.2 -0.059 +0.2

Data are reported in arbitrary units (band derf&ifgtin density), and expressed as mean
+ standard error. Band density measured by ImageJ analysis software. \Withpgs, g

* indicates significant difference from static-5 dynefawmndition, # indicates significant
difference from 5-20 dyne/cin 1 indicates significant difference between racial groups.
(p<0.05)
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NOX4 Protein Expression by Race with LSS
Figure 4.3 shows the NOX4 protein expression by race with LSS. There was s
significant race effect under the static and 5 dynétonditions (p=0.001 and p=0.04,
respectively). African American HUVECs had higher NOX4 expression gtdtc
conditions, while it appears that Caucasian HUVECs had higher NOX4 expression aft

LSS at 5 dyne/cfn
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Figure 4.3. NOX4 Protein Expression Levels by Race with LSS. A. NOX4 protein
expression levels in African American (solid bars) and Caucasian (open bars) under static
conditions and with LSS interventions. B. Representative western blot and B-actin control blot
for African American (AA) and Caucasian (C) HUVECs. ImageJ densitometric analysis of bands
expressed in relation to B—actin. Bars show mean *SE. *P<0.05 from static. #P<0.05 from 5
dyne/cmz. TP<0.05 between ethnic group.

The difference in NOX4 protein expression from static condition to 5 dyfe/cm
was significant between race (p=0.045). Protein expression in Africanidemer

HUVECSs decreased while in Caucasian HUVECSs it increased gligtito, the
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difference in NOX4 protein expression between 5 dyngeamd 20 dyne/cfnconditions
was significant between race (p=0.04). African American HUVECs had a Begeease
with LSS at 20 dyne/cfn

Finally, the difference in NOX4 protein expression between the static to 5
dyne/cnf and the static to 20 dyne/émonditions was significant in both African

American and Caucasian HUVECs (p=0.03 and p=0.05, respectively).

Table 4.3. Difference in NOX4 Protein Expression by Race with LSS

Race Static-5 dyne/tm  5-20 dyne/cr Static-20 dyne/cfn
African American -0.202+0.1 -0.218 £+ 0.1 -0.420+0.1*
Caucasian 0.092+0.1 -0.284 £ 0.1 -0.191+0.1*

Data are reported in arbitrary units (band derf&i&gtin density), and expressed as mean
+ standard error. Band density measured by ImageJ analysis software. §kbilps,

* indicates significant difference from static-5 dynefawmndition, # indicates significant
difference from 5-20 dyne/cm t indicates significant difference between racial groups.
(p<0.05)

eNOS Protein Expression and NO End-Product Production by Race with LSS
Figure 4.4 shows the eNOS protein expression and NO end-product levels by race
with LSS. There was no significant LSS or race interaction gffe€i.45).
eNOS protein expression was significantly higher (3-fold) in both African
American and Caucasian HUVECs with LSS at 20 dyn&(pr0.00 and p=0.002,
respectively). Likewise, eNOS protein expression was significargtyehi(2-fold) in

both African American and Caucasian HUVECs with LSS at 5 dyrfefer®.001 and
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p=0.01, respectively). While there was a significant race effect undiercsiaditions
(p=0.04), after LSS there was no difference between race. There was als@iGastgni
higher eNOS expression in both African American and Caucasian HUVECEStlat

20 dyne/cricompared to LSS at 5 dynefc(p=0.0002 and p=0.001, respectively).
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Figure 4.4. eNOS Protein Expression and NO End-Product Pruduction by Race with LSS.
A. eNOS protein expression levels in African American (solid bars) and Caucasian (open bars)
under static conditions and with LSS interventions. B. Representative western blot and B-actin
control blot for African American (AA) and Caucasian (C) HUVECs. ImageJ densitometric
analysis of bands expressed in relation to f—actin. C. Total NO end-product production with
LSS application in African American (solid bars) and Caucasian (open bars) HUVEC cell culture
supernatant. Bars show mean +SE. *P<0.05 from static. #P<0.05 from 5 dyne/cmz. 1tP<0.05
between ethnic group.
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NO production was significantly higher in both African American and Caucasian
HUVECs with LSS at 20 dyne/cngompared to static conditions (p=0.00 and p=0.02,
respectively). Likewise, NO production was significantly higher in boticafr
American and Caucasian HUVECs with LSS at 5 dyn&{gm0.001 and p=0.01
respectively). Interestingly, NO production was only significantly higméfrican
American HUVECSs with LSS at 20 dyne/€eompared to the 5 dyne/émondition

(p=0.0003). There were no differences between races in any of the conditions.

Table 4.4. Nitric Oxide Levels by Race with LSS

Race Static 5 dyne/tm 20 dyne/crh
African American 9.36 + 0.7 11.99+04* 20.16 £ 1465 *
Caucasian 715+14 12.79+0.5* 1717+ 3.2 *

Data are reported in nmol/mg, and expressed as mean + standard error. Withsngroup
indicates significant difference from static condition, # indicates sogmfidifference
from 5 dyne/crh 1 indicates significant difference between racial groups. (p<0.05)
The difference in eNOS protein expression from static condition to 20 dyne/cm
was significantly larger than the eNOS expression difference fratic sondition to 5
dyne/cnf in both African American and Caucasian HUVECs (p=0.0003 and p=0.01,
respectively, Table 4.5). Also, the difference in eNOS protein expressimonfsS at 5
dyne/cnf to LSS at 20 dyne/chwas significantly larger than the eNOS expression
difference from static condition to 5 dynefcim both African American and Caucasian

HUVECs (p=0.0002 and p=0.001, respectively). There was no significance in the

differences between race.
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Table 4.5. Differences in eNOS Protein Expression by Race with LSS

Race Static-5 dyne/tm  5-20 dyne/cr Static-20 dyne/cfn
African American 0.638 £0.1 1457 +0.2* 2096 + 6.2~
Caucasian 0.757 £ 0.2 1.317+0.2* 2074x@4~

Data are reported in arbitrary units (band derfi&gtin density), and expressed as mean
+ standard error. Band density measured by ImageJ analysis software. \\ithpgs,g

* indicates significant difference from static-5 dynefawndition, # indicates significant
difference from 5-20 dyne/cm t indicates significant difference between racial groups.
(p<0.05)

In African American HUVECSs, the difference in NO production from thecstati
condition to the 5 dyne/cmas well as from the 5 dyne/éno 20 dyne/crh conditions
were both significantly smaller than the difference in NO production frone stati
condition to 20 dyne/cAtondition (p=0.001 and p=0.01, respectively, Table 4.6). Again,

there was no significance in the differences between race.

Table 4.6. Differences in Nitric Oxide Levels by Race with LSS

Race Static-5 dyne/tm  5-20 dyne/cth Static-20 dyne/cfn
African American 2.62+0.6 8.18+14~* 10.80 + 16 *
Caucasian 564+15 437 +£3.3 10.01 # 3.5

Data are reported in nmol/mg, and expressed as mean + standard error. Within*groups
indicates significant difference from static-5 dynefcondition, # indicates significant
difference from 5-20 dyne/cm t indicates significant difference between racial groups.
(p<0.05)



90

Antioxidant Production Results
Total Antioxidant Capacity by Race with LSS

Figure 4.5 shows the total antioxidant capacity measured in cell lgsates
compared by race with LSS. There was no significant LSS or racectimearaffect
(p=0.23).

There was only a significant difference between the HUVECs from diffeaees
under the 5 dyne/chrtondition with the African American HUVECs having higher TAC
levels (p=0.02, Figure 4.5). Compared to static conditions, the African Aaneric
HUVECs had a significant higher TAC with LSS at both 5 dyné/ana 20 dyne/cf
(p=0.01 and p=0.03 respectively). Compared to the TAC levels with 5 dyneg&®n
only the Caucasian HUVECS had a significantly higher TAC levels with 26/dyf

LSS (p=0.04).
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Figure 4.5. Total Antioxidant Capacity by Race with LSS. Total Antioxidant
Capacity (TAC) with LSS application in African American (solid bars) and Caucasian
(open bars) HUVEC cell lysate. Bars show mean +SE. *P<0.05 from static. #P<0.05
from 5 dyne/cmz. TP<0.05 between ethnic group.
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Table 4.7. Total Antioxidant Capacity by Race with LSS

Race Static 5 dyne/tm 20 dyne/cfn
African American 1.15+0.1 1.90+0.2* 204 +£03*
Caucasian 1.24+0.2 1.36£0.1 T 1.65 #0.1

Data are reported in uM/mg, and expressed as mean = standard error. Within groups, *
indicates significant difference from static condition, # indicates sogmfidifference
from 5 dyne/crh 1 indicates significant difference between racial groups. (p<0.05)

The only significance in the differences with LSS in TAC activitg \wathe

African American HUVECs. Compared to the difference from 5 dyrfefor@0dyne/crh

the difference from static to 20 dynefcmas significantly larger (p=0.02, Table 4.8).

Table 4.8. Differences in Total Antioxidant Capacity by Race with LSS

Race Static-5 dyne/tm  5-20 dyne/cr Static-20 dyne/cfn
African American 0.75+0.3 0.14+0.2 0.88 #0.4
Caucasian 0.12+0.2 0.29+0.2 0.41+0.2

Data are reported in uM/mg, and expressed as mean = standard error. Within groups, *
indicates significant difference from static-5 dynefcondition, # indicates significant
difference from 5-20 dyne/cin 1 indicates significant difference between racial groups.
(p<0.05)

SOD2 Protein Expression and Total SOD Activity by Race with LSS
Figure 4.6 shows the SOD2 protein expression levels and total SOD activity by

race with LSS. There was a significant LSS and race interacfiect §6=0.018).
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There was a significant difference between HUVECs from both races stadic
conditions where the Caucasian HUVECs had higher SOD2 protein expression (p=0.01,
Figure 4.6). The application of LSS at both magnitudes abolished this ra@atddé. In
African American HUVECs, SOD2 protein expression with LSS at 20dyriet@s

significantly higher (1.5-fold) than SOD2 expression under static conditions (p=0.04)
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Figure 4.6. SOD2 Protein Expression and Total SOD Activity by Race with LSS. A. SOD2
protein expression levels in African American (solid bars) and Caucasian (open bars) under
static conditions and with LSS interventions. B. Representative western blot and B-actin
control blot for African American (AA) and Caucasian (C) HUVECs. ImageJ densitometric
analysis of bands expressed in relation to B—actin. C. Total SOD Activity levels with LSS
application in African American (solid bars) and Caucasian (open bars) HUVEC cell lysate.
Bars show mean SE. *P<0.05 from static. #P<0.05 from 5 dyne/cmz. TP<0.05 between
ethnic group.
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Similarly, SOD2 protein expression in African American HUVECs witl51=8 5
dyne/cnf was significantly higher (2-fold) than SOD2 expression under static condtions
(p=0.002). There was no difference in Caucasian HUVECs with LSS.

Similar to SOD2 protein expression, there was a significant race effeat unde
static conditions, with the Caucasian HUVECs having higher total SOD wctivit
(p=0.004, Figure 4.6.C). This difference did not exist after application of LSS.
Furthermore, in only the African American HUVECSs, total SOD actiwigg higher with
both LSS at 20 dyne/chand LSS at 5 dyne/cnfp=003, p=0.002, respectively, Table
4.9) compared to SOD activity under static conditions. There was no difference in SOD
activity in the Caucasian HUVECSs in the levels after LSS application adrapared to

static conditions.

Table 4.9. Total Superoxide Dismutase Activity by Race with LSS

Race Static 5 dyne/tm 20 dyne/cfn
African American 33.11+4.7 99.76 +9.8* 60.32 +1@4 *
Caucasian 65.26 +7.8 1 81.79+9.0 69.18 £+ 6.3

Data are reported in U/mg, and expressed as mean = standard error. Within groups, *

indicates significant difference from static condition, # indicates sogmfidifference

from 5 dyne/crh 1 indicates significant difference between racial groups. (p<0.05)
There was a significant race effect on the differences in SOD2peteiession

from the static condition to 5 dyne/émondition (p=0.01, Table 4.10). African American

HUVECSs had a larger increase. The decrease in SOD2 protein expression froeté d

20 dyne/crhwas significantly different than the increase from the static dondib 5
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dyne/cn? condition in HUVECSs from both African Americans and Caucasians (p=0.000
and p=0.004 respectively). Also, only African American HUVECs showed a signtifica

difference in changes between static to 5 dyngamd 5dyne to 20 dyne/érp=0.00).

Table 4.10. Differences in SOD2 Protein Expression by Race with LSS

Race Static-5 dyne/tm  5-20 dyne/cr Static-20 dyne/cfn
African American 1.525+0.3 -0.808 + 0.1 * 0.717+@3*
Caucasian 057103 7% -0.322+0.2* 0.248+0.4

Data are reported in arbitrary units (band derf&i&gtin density), and expressed as mean
+ standard error. Band density measured by ImageJ analysis software. \\itlpgs,g

* indicates significant difference from static-5 dynefawmndition, # indicates significant
difference from 5-20 dyne/cm t indicates significant difference between racial groups.
(p<0.05)

In SOD activity in cell lysate, there was a significant effect oé ran both the
difference from 5 dyne to 20 dyne/€eonditions (p=0.004) and on the difference from
static to 5dyne/ciconditions (p=0.03, Table 4.11). The difference in SOD activity in
African American HUVECs was larger for both intervals. The decreaS©D activity
from 5 dyne to 20 dyne/chi.SS levels was significant in both African American and
Caucasian HUVECs when compared to the change from static conditions to 5 dyne/cm
(p=0.01 and p=0.02 respectively). Only African American HUVECs had a sigrééda

the differences from static to 20 dynefcoompared to the difference from either the

static condition to 5 dyne/chor from 5 dyne to 20 dyne/énsondition (p=0.001).
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Table 4.11. Differences in Total Superoxide Dismutase Activity by Ratel\8iS

Race Static-5 dyne/tm  5-20 dyne/crn Static-20 dyne/cfn
African American 66.62 +12.9 -4761+76* 27.20 +41.8
Caucasian 23.31+7.7 -1355+£6.7* T 392+79*

Data are reported in U/mg, and expressed as mean + standard error. Within groups, *
indicates significant difference from static-5 dynefcondition, # indicates significant
difference from 5-20 dyne/cin 1 indicates significant difference between racial groups.
(p<0.05)

Catalase Protein Expression by Race with LSS

Figure 4.7 shows the Catalase protein expression by race with LSBas€at
protein expression was 2.5-fold higher with LSS at 5 dyrfeiieioth African American
and Caucasian HUVECs compared to static conditions (p=0.004 and p=0.02,
respectively). While HUVECs from both races had lower Catalase ekpreg20
dyne/cnt condition compared to 5 dyne/€rondition, only the African American

HUVECSs had significantly lower protein expression (p=0.01).

Table 4.12 shows the differences in Catalase protein expression by rac&®ith L
Compared to the difference from static condition to 5 dynetmndition, HUVECs from
both races had a significant decrease from 5 dyne to 20 dyng/sth002 African
American and p=0.01 Caucasian). Also, the difference from static conditions to 20
dyne/cnf LSS was significant in both African American and Caucasian HUVECs
compared to the difference in expression from 5 dynetorf0 dyne/crh However,
only the African American HUVECSs had a significant difference betweesté#tie

conditions to 20 dyne/chtompared to static conditions to 5 dynef¢pr0.01).
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Figure 4.7. Catalase Protein Expression Levels by Race with LSS. A. Catalase protein
expression levels in African American (solid bars) and Caucasian (open bars) under static
conditions and with LSS interventions. B. Representative western blot and B-actin control blot
for African American (AA) and Caucasian (C) HUVECs. ImageJ densitometric analysis of bands
expressed in relation to B—actin. Bars show mean *SE. *P<0.05 from static. #P<0.05 from 5
dyne/cmz. TP<0.05 between ethnic group.

Table 4.12. Differences in Catalase Protein Expression by Race with LSS

Race Static-5 dyne/tm  5-20 dyne/cr Static-20 dyne/cfn
African American 1.054+0.2 -0.616 +0.2* 0522 +@3*
Caucasian 0.974+04 -0.451+0.2* 0.523#£0.4

Data are reported in arbitrary units (band derf&i&gtin density), and expressed as mean
+ standard error. Band density measured by ImageJ analysis software. \\itlps,g

* indicates significant difference from static-5 dynefawmndition, # indicates significant
difference from 5-20 dyne/cm t indicates significant difference between racial groups.
(p<0.05)
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CHAPTER 5
DISCUSSION
Introduction
With respect to blood flow in human arteries, it is known that during aerobic
exercise sessions, cardiac output increases as much as four to six-faldatdea
coronary blood flow, and blood flow velocity increase in order to supply the extra
demand for nutrients and oxygen to the working muscle beds. The purpose of the present
study was to take this phenomenon to the molecular level, using/idro model of cell
culture and LSS, and examine how endothelial cells of different races redporade
increase in flow. The central hypothesis was based on the fact that éacbhéasd flow
from aerobic exercise, modeled imwitro shear stress, effectively modulates endothelial
function toward a net anti-atherogenic and away from a net pro-atherogenic galdothe
dysfunction phenotype. A pro-atherogenic phenotype is characterizadrbgsed
oxidative stress, reduced antioxidant activity, reduced endothelium-dependent
vasodilation, and increased adhesion molecules and inflamritatidhin the present
study,in vitro endothelial function was measured by NO production, antioxidant levels
and oxidative stress production through NADPH oxidase subunit protein expressions. It
is known thatjn vivo, shear stress on endothelial cells increases NO production,
modulates vascular tone, and decreases oxidative stress. An aim of the sttaly was
examine whether a racial difference existed in HUVECs fromréifteraces in the

adaptations to aim vitro application of LSS. Within the scope of this study, mechanisms
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underlying the observed response were not studied, only whether racial dégerenc
existed. Based on the results of this study, future mechanistic studiesaangieted to
further elucidate the racial differences found.
Supporting Evidence

The effects of both acute and chronic shear stress on endotheliah ggle
have been extensively studied. Acute shear stress refers to sudden exposure to shear
conditions that the endothelial cells are not accustomed to and are usuallyauéas
seconds to hours. Chronic shear stress refers to long-term exposure to sheansdnditi
endothelial cells in culture for several days or weeks. However, many stutketigate
the responses in cells exposed to shear stress for between 1 to 48 hours, which may be
considered long-term shear strdssvivo, acute or long-term shear stress effects can only
be observed when new flow is initiated (such as those through newly formed vessels) or
when repair to an injured vessel walls occurs. Therefore, it can alspbinésized that
these acute and long-term effects are mimickedivo in vascular beds of unconditioned
individuals when a new aerobic exercise training program is initiated, and thiligttig
the importance of the present study. If it can be shown that LSS modulates\WECHU
oxidative stress balance towards an anti-atherogenic and away fromoginediad
dysfunction phenotype, then the implications for improvement in vascular beds of
untrained individuals will justify exercise prescriptions in these radpaulations.

Chronic shear stress vivo can refer to the repeated exposure to increased blood
flow that accompanies aerobic exercise training. Chronic adaptations odoar in t
vasculature with aerobic exercise training which alter the blood flow anthtically

affect the pressure gradients experienced on the endothelial cell. Morphatbgioges
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along the endothelium and smooth muscle layers of vessels alter the diamet=etd
as well as improve blood flow by increasing vessel size and diameter, and pedjee
build-up. It is possible that endothelial cells located in different spagedre of the
vasculature are subjected to different levels of shear stress and thuavealfterent
biological and biochemical adaptations. This makes the continued study of tite effe
LSS of different magnitudes on endothelial function paramount.

It was in the 1960s and 1970s when engineering studies began to elucidate actual
blood flow velocitied"**'> From there, decades of molecular research have continued to
study than vitro effects of varying magnitudes of shear stress in attempt to understand
thein vivo effects that blood flow has on the vasculature. Recent magnetic resonance
imaging studies have measured shear stress in human arteries at reshgnuailerate
exercise and found that during resting conditions blood flow shear stress rarges in t
arteries between 10-70 dynefcwhile in the veins ranges between 1-6 dyné/dthas
been shown that during moderate exercise the shear stress increasgedn B30
dyne/cn?, with blood flow shear levels depending on vessel type, size, and I5E&tian

In the present study, low LSS at 5 dynefemas used to represent a low
physiological blood flow in order to measure its effects on antioxidant actity a
oxidative stress levels in HUVECs compared to static cell culture. AhlgBS level of
20 dyne/criwas used to represent a moderate aerobic exercise blood flow and measure
its effects on antioxidant activity and oxidative stress levels in HUVE@pared to
static cell culture as well as compared to the low physiological bloodédiesV. Both
conditions were applieih vitro to cultured HUVECs from African Americans and

Caucasians for 24 hours.
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Main Findings

The main findings of this study were that overall the African AmericaECk
were more responsive to LSS than the Caucasian HUVECs. African AmericAaCHJ
had significant responses to the application of LSS: increases in antioxidant iproduct
and decreases in NADPH oxidase isoforms expression. The data from thissttidy
the well established upregulation of eNOS and increase in NO production that occurs
with LSS and there was no effect of race. HUVECs from both races respamdadys
in eNOS protein expression and NO production with application of LSS. Furthermore,
racial differences existed in the HUVECs under static conditionsnengjiplication of
LSS caused these differences to disappear. There were no differences bateae any
of the proteins measured after LSS of 20 dyné/de data from this study provide
valuable support to the prescription of exercise by physicians, becausaaltshow that
African Americans may have a larger improvement in endothelial functiontrem
increased blood flow that accompanies aerobic exercise training, when congpared t
Caucasians.

NADPH Oxidase — Responses to LSS by Race
p47phox NADPH Oxidase Subunit Responses

The first reports of a racial difference in p47phox subunit protein expression were
by Kalinowski et al. in 2004 where they showed increased expression in HUVECs
cultured from African American donors compared to Caucasian HUYH®@s current
study found similar results. A significantly higher p47phox protein expressisrionad
under static conditions in HUVECs from African Americans compared to Giamsa

However, when the HUVECSs were subjected to LSS at 5 dyR@iech20 dyne/cfithis
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racial difference disappeared. There were no racial differene<dfier of the LSS
conditions. Statistically, the changes with LSS were not different betwees ra

However, observationally the trends in response appear different. It apgedre8S at

20 dyne/cricaused a significant reduction in p47phox protein expression in the African
American HUVECSs, while both LSS magnitudes caused no change in p47phox
expression of Caucasian HUVECs. These data suggest that increasexdrelsar
modulates NADPH oxidase p47phox protein expression more in African American
HUVECS than it does in Caucasian HUVECSs.

In 2006, Duerrschmidt et al. reported a significant down-regulation of p47phox
mRNA and protein expressions with LSS of 30 dyné/ati2 and 24 ArPreviously,
Hwang et al. reported that OSS stimulatedg@oduction in a p47phox-dependent
manner by transfecting p47phdxcells with p47pho%® The results of their study
suggest that the major source of endotheliaiOresponse to OSS is p47phox-dependent
NADPH oxidase activity. To the best of my knowledge, no previous study has yet to
measure p47phox protein expression in racially-derived HUVECs with LSS at
magnitudes of 5 dyne/chand 20 dyne/cf

Supporting the decrease in expression of p47phox seen in African American
HUVECSs in the present study as well as the down-regulation measured in p47phox
expression by Duerrschmidt are results from a recent animal study biéé&ashown in a
mouse model that physical inactivity was associated with higher p47phox protein
expression compared to active mice (voluntary wheel running). In the samg stud
vascular oxidative stress was found to be significantly increased and alberis

lesion formation was accelerated in inactive compared to activéthiteerefore, lower



102

shear rates, or low blood flow, such as that found in inactivity are associated with
heightened p47phox expression and thus potentially associated with higher oxidative
stress. Just as in the present study, African American HUVECs under lowarftbstatic
conditions had higher p47phox expression compared to the cells exposed to 20 dyne/cm
condition. In fact, in the present study, the application of LSS at 5 dyh&cy hr did
not cause a change in p47phox expression in HUVECs from either race. This sonfirm
the data from Duerrschmidt et al. where they also reported no change in pdifrhbx
dyne/cnf for 24 hf.
NOX2 NADPH Oxidase I soform Responses

Phagocytic NADPH oxidase is a well-characterized, multi-subunit,breare-
bound enzyme that is capable of generating large amounts iof l®@sponse to a variety
of stimuli. Whether this enzyme is the primary source of endothelium-derivenh ©ell
culture systems, remains to be consistently established. Jones etrethegkeomponents
of NADPH oxidase in HUVEC culture and concluded that although cytosolic
components were present, membrane bound NOX2 levels were too low to detect and
therefore this homologue of NADPH oxidase was unlikely to be the major source of
entohelium-derived ©°. Recent studies have also come to similar conclusions and
suggest that NOX4 may be the primary endothelial source of ROS. This will bhes#idc
further below.

There have been no reports of a racial difference between African Anseacd
Caucasians in NOX2 protein expression, this data is the first to report@éla ra
difference. In HUVECSs under static conditions, a significant rakifedrence was found.

African American HUVECs had higher NOX2 protein expression suggestingnerhig
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basal Q release from this NADPH oxidase homologue. However, application of LSS
caused this difference to disappear. With LSS under both conditions; 5 d§aett20
dyne/cnd, it appeared that HUVECs from both races had a non-significant trend towards
decreasing. This indicates that perhaps a higher magnitude of LSS memyiived to
significantly decrease in NOX2 protein expression. This should be examirnieer fiart
HUVECs of different races by other studies. Along those lines, a study bpdiet al.
measured the flow regulation of NADPH oxidase to pulsatile shear st2Ssigne/cr
and OSS at +3 dyne/éror 8 hF*°. They found significant down-regulation of both
NOX2 and NOX4 with pulsatile flow but a significant up-regulation with OSS.  thi
study, Hwang et al. used bovine aortic endothelial cells instead of HUVECsh&Whet
there is a species-specific differential response to shear siremssdo be established,
therefore the specific cell model studied must be considered when comparirg result
Furthermore, while the present study did not directly measpi@@uction responses to
LSS, De Keulenaer et al. showed that 24 hr of LSS at 5 dyheldmit cause a change
in O, production while 24 hr of OSS at 5 dyneforaused an incregSé Duerrschmidt
et al. also did not find change in NOX2 with 5 dyne/&r8S’. Taken together, these
studies provide valuable supporting evidence to the results of the present studghThrou
this, it appears that both 5 and 20 dyné/am not sufficient magnitudes to elicit change
or downregulation in NOX2 homologue protein expression. Furthermore, it may be
hypothesized that NOX2 is not the primary ROS producing enzymes involved in LSS
responses in HUVECS.

Finally, indirect support of these findings are also provided in the recelyt sy

Castier et al. that showed that shear stress induced NADPH oxidase activrising
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p47phox but not NOX2. They used surgically induced flow-loaded vessels to measure the
ROS production in vessel adaptation in mice. Using p47phamnd gp91phoX mice,
they found that NADPH oxidase with p47phox was the major generator of sheagdnduc
ROS in adapting vesséf4 These data combined with the findings of the present study
validate a potentially reduced role for NOX2 in shear-induced NADPH oxidapenses
at 5 dyne/crhand 20 dyne/cfifor 24 hr.
NOX4 NADPH Oxidase | soform Responses

NOX4 was first described in 2000 and believed at the time to be solely expressed
in kidney, but has since been found to be expressed in many other céff'tyResent
studies have purported that NOX4 may be the primary ROS producing NADPHeoxidas
homologue in the endothelium with mMRNA expression measured as much as 100-fold
higher than NOX2 in HUVEC. This overexpression of NOX4 is the focus of many
current studies aimed at elucidating the mechanism underlying activation of thi
homologue. While activation of NOX2 through translocation of p47phox is well
established, the mechanism of NOX4 activation remains to be discovered. Daspite t
is understood that NOX4 and NOX2 serve as the primary endothelial NADPH oxidase-
derived ROS sourcg&¥ 2*3

Shear stress studies that measured NOX4 expression are limited Sinogiest
were not developed until recently. As mentioned above, Hwang et al. found sighific
down-regulation of both NOX2 and NOX4 mRNA expression with pulsatile flow but a
significant up-regulation with OSS for 8/t While, several years later Hsiai et al.
found significant up-regulation of NOX4 protein expression with both pulsatile and

0SS for only 4 hr. Both studies used bovine aortic endothelial cells. The only other
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study that measured NOX4 protein expression with shear stress was in 2009. Gbettsch e
al. measured the effects of long-term cyclic strain in HUVECs and found @ dow
regulation in NOX4 protein expressfoh Cyclic strain is defined as the mechanical
strain caused by vessel wall adaptations through heart beat transmissitmaslor
pressure amplitude changes. Taken together with the findings of the pradgnitst
seems that with application of shear stress, whether LSS or cyalit girotein
expression of the NOX4 NADPH oxidase homologue is decreased in HUVECSs,
suggesting an improvement in endothelial oxidative stress levels. No study lsasadea
NOX4 protein expression after LSS at 5 or 20 dynéfontiUVECS, therefore the
present study is the first to report such findings and will thus need to be epligat
others.

In the present study, a significant racial difference existed undiertatlitions.
African American HUVECs had higher NOX4 protein expression. Again, thigl rac
difference did not exist after application of LSS. However, separateligaAfAmerican
HUVECSs had a significant decrease in NOX4 protein expression with both LSS
treatments: 5 and 20 dyne/Grwhile the Caucasian HUVECS only had a significant
decrease with 20 dyne/énSince no study has examined the effect of LSS on NOX4
expression, further studies are needed to confirm these observations. Also, stiechani
studies will be needed to elucidate why the differences in response existbheace.

Racial Differencesin NADPH Oxidase Expression in Static Culture

A significant race difference existed in static culture for each of &kiefH

oxidase subunits/hnomologues measured, and in each case this was abolished wfth LSS

20 dyne/cr. African American HUVECs have heightened oxidative stress, through
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higher NADPH oxidase expression, compared to Caucasian HUVECs under static
conditions. In the African American HUVECS, each of the NADPH oxidase
subunits/homologues examined in the present study showed a trend toward a decrease
with LSS at 5 and 20 dyne/éniThe Caucasian HUVECs did not have as large a
downward trend, except for in NOX4 expression. These observed trends provide support
of the beneficial effect that increased shear stress has on ROS productitact Theat
African Americans HUVECSs have higher basal levels, taken together witadihat
after LSS there were no differences between race in any of tb&NAxidase
subunits/homologues, it seems that African American HUVECSs have a larger eegpons
LSS than Caucasian HUVECs. Furthermore, since the 20 dynefagnitude was used
as a model for moderate aerobic exercise blood flow, when this is viewed from a
translational aspect, it can be thus hypothesized that aerobic exeinisg traay have a
more beneficial effect on endothelial oxidative stress production in AfAcagricans
than it does Caucasians.
Nitric Oxide (NO) Production — Responses to LSS by Race
Endothelial Nitric Oxide Synthase (eNOS) Protein Responses
Vascular endothelial cells are constantly exposed to mechanical fiancethe
shear stress of continuous flow of blood, and eNOS remains one of the best chathcteri
shear-responsive proteins within the cell. It is constitutively expressedpidly
activated in response to shear stress. Activation of eNOS causes an aaste seNO
which is now recognized as the major mechanism regulating vascular tone. |n 2004
Kalinowski et al. showed that African American HUVECs expressed highels of

eNOS protein compared to Caucasian HUVEThe present study showed similar
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results. African American HUVECS in static culture had significantihé&igeNOS

protein expression compared to Caucasians. However, after application of L85t bot
and 20 dyne/cf the racial differences did not exist. HUVECs from both races
significantly increased eNOS expression with LSS.

It is known that the most rapid cellular response to an acute shear stregssnvol
the activation of potassium and calcium {G&hannels. Immediately following channel
activation, rapid generation of inositol-1,4,5-trisphosphate and diacylglycerol ddus
is closely linked to intracellular €amobilization and protein kinase C activatith
Elevations in intracellular Gaare necessary for activation of eNOS because tfie Ca
binds with calmodulin in an activation domain of the enzh&urthermore, for years it
has also been assumed that activation of eNOS was through an intricate feedback loop
involving transcription factor nuclear factor kappa-B, along with thfé/Calmodulin
binding in the activation domaifi. Recently it was shown that another transcription
factor is involved in LSS induction of eNOS. Kruppel-like factor was increased in
HUVECs exposed to shear str&asThe intricate relationship between nuclear factor
kappa-B and kruppel-like factor remains to be established. Whether there srfaecise
on transcriptional regulation also remains to be established. The observations in the
present study confirmed what was previously known, that LSS upregulatespbteia
expression. However, what was not previously known was whether there were race-
dependent responses in eNOS expression to LSS. Both African American anddbaucasi
HUVECS had significant increases in eNOS protein expression with 5 and 20nfyne/c
LSS, but the responses were different because of the racial differencesstieat ender

static conditions. The shear-mediated signaling process is beyond the scopestofiyi
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but the associated mechanisms, as well as whether racial differerstdseéxeen
HUVECSs in transcriptional regulation, should be further investigated in ordeiyo ful
understand the results presented here with the current study.

Nitric Oxide (NO) End-Product Responses

NO production in response to flow-dependent shear stress on the endothelial cell
surface is the fundamental mechanism involved in the regulation of vascular tone. Some
scientists suggest that this is the primary molecule mediating endothettabn and any
stimuli that causes reduction in NO bioavailability is therefore closslgaated to
endothelial dysfunction. With induction of shear stress, rapid release of NO,cuualirs
over the past several decades studies continually rigpetto increases in NO with
shear stress. In the present study this was again confirmed, HUVECs from ticdin Af
Americans and Caucasians had significant increases in NO production with biglofeve
LSS: 5 and 20 dyne/cmThe increase with 20 dyne/éimSS was about 2-fold higher
than the increase with 5 dyne/crSimilar results were shown in 2005 by Tao et al. They
reported a dose-dependent increase in levels of NO with about a 2 fold difference in NO
production between 5 and 25 dynefci?t.

In the present study there were no differences between race in NO leaily for
condition. Kalinowski et al. conducted the only study so far that reportswitno racial
differences in eNOS expression and NO refédde study has reported racial differences
in NO levels from cell supernatant. Considering the diffusion-limitediceacite of NO
with O, and thus the fact that NO release and NO end-product formation may differ,
correlating the NO release measurements from Kaliowski’'s stutiytketNO end-

product measurements from the present study becomes difficult. As mentioned
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previously, in pilot studies it was found that African American HUVECs had
significantly higher NO levels than Caucasian HUVECS in static cultun#eW the
present study, it also seems that the African American HUVECSs rdlease NO end-
products, but the difference did not reach significance. This could be attributeghto sli
differences in the HUVEC cultures used or it could be due to the differences in cell
culture media used. For pilot studies, EGM media was used, while for this pesbnt
EGM-2 media was used. The main difference between the two types of média is t
EGM-2 has additional growth factors. In this case, the presence of grovais fanzty
have affected the production and release of NO through eNOS activation. This should be
further examined in future studies.
NADPH Oxidase, eNOS, and NO Responses

NAPDH oxidase activity and NO production are intricately intertwined. In 2006,
Duerrschmidt et al. concluded that the LSS downregulation of NADPH oxidase subunit
expression was NO-dependent. Using both NOS inhibition and NO donors, they showed
that NOS inhibition prevented NADPH oxidase downregulation, while NO donors
increased the NADPH oxidase downregulation in HUVECs exposed to LSS. Also
Kalinowski et al. used tandem NGQ/@NOO nanosensors to quantify the concurrent
release of NO, © and ONOQ They observed racial differences between HUVECs
from African Americans and Caucasians in the kinetics of NQ,a@d ONOOrelease.
They further confirmed that this was associated with eNOS activation and ungdupli
using NOS and NADPH oxidase inhibitors. Both of these studies explicitly dem@nstr
that vascular endothelial function and NO release is associated with NAD&&$@x

activity and that racial differences in this process may exist.
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The observations in the present study confirm previous findings. Increases in
eNOS protein expression and NO production, as well as decreases in NADPH oxidase
activity were seen with the application of LS S. Racial differences oleerved in
HUVECSs before LSS, and in response to LSS the cells of different ranedé¢e adjust
to similar levels. The mechanisms underlying how LSS causes the proteassaps
and oxidative stress biomarkers in African American HUVECSs to adjust tc [dhal
were similar to the Caucasian HUVEC adaptations remain to be discovered.

Antioxidant Production — Responses to LSS by Race
Total Antioxidant Capacity (TAC) Responses

Recently, it has been suggested that the determination of antioxidantycapacit
be considered as a valuable tool for aiding medical treatment and digghdsss
measures give a relative quantified amount of all antioxidants preséetsarnple at
time of test, and limitech vitro studies have measured TAC levels. In the present study,
TAC measures were included in order to provide a global assessment of taHdcES
on antioxidant capacity. The beneficial effects of LSS on antioxidant leveldbbane
consistently reported and the results of the present study in African Ameli$edECSs
support this. Significant increases in TAC, SOD and CAT were all seen with both 5 and
20 dyne/crA LSS. Responses were different for the Caucasian HUVECS.

In African American HUVECS, the increase in TAC with LSS was latiggn the
change with LSS in Caucasian HUVECs. TAC levels rose with LSS in aeehbut
only significantly in African American HUVECSs. Furthermore, becauséefdrger
increase with LSS of 5 dyne/érim African American HUVECS, there was a significant

racial difference at the 5 dyne/mevel in TAC levels and the African American
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HUVECSs had higher levels of TAC with this magnitude of LSS stimulation. Comnsider
that there was no race difference in HUVECs before LSS, this largeagein TAC
with 5 dyne/cr suggests a compensatory antioxidant response to application of low
shear stress in African American HUVECSs. Considering the higheslet& ADPH
oxidase activity in static African American HUVECs compared to Caarcd$UVECS,
and the fact that NADPH oxidase subunit expressions were similar after treatppl
of LSS, as well as the fact that LSS at 5 dyné/gith not modulate expression of
NADPH oxidase as much as the LSS at 20 dynedih it is clear that a compensatory
increase in antioxidant scavenging would need to occur in the African American
HUVECSs in order to bring the ROS balance to the same level as Caucas/&CHU
after LSS.
Superoxide Dismutase (SOD) & Catalase Responses

Total SOD activity and SOD?2 protein expression were the only markers in the
current study to show a significant interaction between race and sheardi@sisstatic
conditions, Caucasian HUVECs had both higher total SOD activity and higher SOD2
protein expression levels than African American HUVECs. However, Caucasian
HUVECSs did not demonstrate a significant change in either total SOD acing&®D2
protein expression with LSS treatment, whereas African AmericanE@$\had
significant increases in both total SOD activity and SOD2 protein expresseis Veth
both magnitudes of LSS.

In support of the data from this present study is the De Keulenaer et adichese
As mentioned above, they reported that 24 hr of LSS at 5 dyhelimited a non-

significant reduction in @ production. The results from their study also showed that



112

steady LSS caused a concomitant increase in CuZnSOD protein exgréshere was
no mention of the ethnicity of the HUVECs used in De Keulenaer’s study. In trenpres
study, only the African American HUVECs had a significant increase in$Q&l and
SOD2 protein expression. Given this disparity in results using similar oellsheear
stress magnitudes, perhaps ethnicity of cell line is important to considerudydsis
measured SOD activity or expression after 20 dynefrhSS.

Active scavenging of ©@by the SOD enzyme leads to increases in intracellular
H,0,, therefore it then becomes necessary to further investigate mechanistgSfor
removal. Thus in the present study, CAT protein expression levels were measlired in a
HUVECSs. No racial difference existed under any condition, but similaonsgptrends
were seen in CAT expression as seen in SOD activity and expression. Africaicakme
HUVECSs had a significant increase in CAT expression with LSS at 5 dyhafum
non-significant increase in CAT expression with LSS at 20 dyrfe/Ene data show that,
despite the increases seen in SOD activity and SOD2 protein expression, ltkele is
not an inherent build-up of @, levels within the cells because the increases in SOD are
paralleled by increases in CAT. These data also further support the leieSS
modulates endothelial cells in an antioxidative manner. Increases in SQIB agpear
to be closely coupled with increases in CAT activity, which is also globghgsented

by the increases in TAC.
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CHAPTER 6
CONCLUSION
Addressing Hypotheses and Specific Aims
Hypotheses: It was hypothesized that compared to static levels, LSS for 24 hours at 5
dyne/cnf would upregulate all protein expressions, while LSS for 24 hours at 20
dyne/cnfwould significantly reduce NADPH oxidase subunit expressions, increase
antioxidant enzyme levels, increase eNOS expression, and lead to increased NO
bioavailability in cultured HUVECSs. Furthermore, due to the heightened oxidategs s
levels in African Americans and the potential for existing endothel&fudgtion, it was
believed that African American HUVECs would respond to LSS stimulus diffgréhan
Caucasian HUVECs.
Findings: The results of the present study showed that African American HUVECSs did
indeed respond to LSS differently than Caucasian HUVECSs. Larger changeseea in
the African American HUVECSs due to the differences between race in sigic c
However, addressing the first hypothesis, it is clear that LSS at 5 dyrfefc?4 hours
does not upregulate all protein expressions. The NADPH oxidase subunit p47phox and
NOX2 were not affected by this level of LSS while NOX4 expression actdedseased
in the African American HUVECSs. All of the antioxidant enzymes and alsdc&=NO
expressions increased with LSS at 5 dyné/cm

Specific Aims: As listed in Chapter 1 the specific aims for this study were as follows:
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1. Determine NADPH oxidase subunit and isoforms; p47phox, NOX2, and
NOX4; eNOS, SOD2, and CAT protein expressions, before and after exposing cultured
HUVECSs from African American and Caucasian donors to LSS at levels cainigp#o
in vivo blood flow levels at rest (5 dyne/évand during moderate aerobic exercise (20
dyne/cnf). Protein expression was measured by Western Blot analysis using antibodies
specific for NOX2, NOX4, p47phox, eNOS, SOD2, and CAT.

The study showed that LSS at 5 dyneé/caused a down-regulation in NOX4
protein expression in African American HUVECS, but not in Caucasian HUVECsatl.SS
5 dyne/cm did not cause a change in p47phox, NOX2 protein expressions for either race.
The study also showed that LSS at 20 dynétauised a down-regulation in p47phox
protein expression in African American HUVECS, but not in Caucasian HUVECs, and
also caused a down-regulation in NOX4 protein expression in HUVECs from both races
LSS at 20 dyne/cfrdid not cause a change in NOX2 protein expression in HUVECs
from either race.

The study showed that LSS at 5 dyné/caused an up-regulation in eNOS
protein expression in both races, and also caused an up-regulation in both SOD2 and
CAT protein expressions in African American HUVECs but not Caucasian HUVECs
The study also showed that LSS at 20 dynéfmmsed an up-regulation in eNOS protein
expression in both race, and up-regulation of SOD2 protein expression in African
American HUVECSs but not Caucasian HUVECs. No change was found in CAT protein
expression in Caucasian HUVECs under the 20 dyrfefomdition. Furthermore, no
change was found in SOD2 protein expression in the Caucasian HUVECs under any LSS

condition.
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2. Determine NO bioavailability in African American and Caucasian HUVECS;
NO, SOD, and TAC levels were quantified. NO measurements were performedhasing t
Griess reaction to measure total nitrate and nitrite in cell culture sugetnBbtal SOD
activity in cell lysate were assessed using an assay which medsmaitation of @
radicals generated by xanthine oxidase and hypoxanthine. Finally, TACuearels
guantified using a commercial assay that measures the reduction of 2,2’-a3mobis-
ethylbenzthiazoline-sulfonate (ABTS).

The study showed that NO levels were higher under both conditions of LSS in
HUVECSs from both races. The study also showed that both total SOD activity and TAC
levels were higher under both conditions of LSS in the African American HUWHECS
not in the Caucasian HUVECs.

Concluding Remarks & Future Directions

In the present study, endothelial function was measured by NO production,
antioxidant capacity, and oxidative stress production through measuring NAD&t$@Xx
subunit protein expressions. Overproduction of ROS leads to uncoupling of the eNOS
enzyme, reduced NO production, and impaired antioxidant defenses which are all
associated with endothelial dysfunction. The central hypothesis examitied Bjudy
was based on the observation that increased blood flow from aerobic exercise, modeled
byinvitro shear stress, effectively modulates endothelial function toward a net anti-
atherogenic and antioxidant phenotype, and away from a net oxidative swess, pr
atherogenic, and endothelial dysfunction phenotype. The results from this study
confirmed that application of LSS to HUVECSs caused a decrease in oxidatsge stre

levels, increase in antioxidant activity, and an increase in NO productidmoEteese
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adaptations are indicators of improved endothelial function. The data provide valuable
evidence suggesting that thimsvitro model of aerobic exercise, using shear stress to
represent the increased blood flow, may be an effective tool for studying aeelice
adaptations of the endothelial cell layer.

Furthermore, given the findings of this present study, it becomes apparent that
static African American HUVECs may be a representative model faxiséng
endothelial dysfunction that is known to existivo. Higher protein expressions of
NADPH oxidase subunit p47phox and isoforms NOX2 and NOX4, as well as higher
eNOS expression, and lower total SOD activity and SOD2 protein expression, atsugg
that more @ is being produced. Most likely then, this @ rapidly converted to ONOO
by the increased NO production from higher eNOS activity. Couple this withdheee
availability of SOD and the entire picture representsiastro model of endothelial
dysfunction. Finally, given that there were no racial differences in CATAQr in
HUVECSs under static conditions, this further supports a heightened oxidateénstae
African American HUVECSs. Future studies can continue to compare HUVECs of
different races and continue identifying where the racial diffeseagist in oxidative
stress levels and antioxidant activity. Also, future studies can examineitile ra
differences in oxidative stress levels and antioxidant activity in diffeehtypes. It
should be examined whether African American vascular smooth muscle cells ¢ifaee hi
oxidative stress when compared to Caucasian vascular smooth muscle cells.

With respect to shear stress, considerable attention is currently focused on the
fundamental question of the identity, function, and mechanisms of actions of the

endothelial flow-mediated mechanotransducers. Researchers look to identify t
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molecules that are rapidly activated in response to fluctuations in shearlstrels,
understand secondary messengers, and elucidate the intricate regulatiosasiption
factors. From the results of the present study, it is clear that suclcleseald also now
focus on identifying race-dependent associations in mechanotransduction.

Finally, if we were to consider the findings of the present study frometigen
viewpoint. If endothelial cell responses have true molecular and genegicdifierences
in their inherent response mechanisms, then all of the physiologisab racial
differences observed could be the result of primitive endothelial cells and gulested
at the gene level. The larger responses seen in African American HUVH@spresent
study could be the result of slight variations in the genetic makeup. Thdsaealbe
examined.

Taking the findings of the present study and using them to guide future genetic,
molecular and mechanistic studies aimed at understanding racial diffecentd$ead to

new frontiers.
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Free radicals are highly reactive molecules that are made inside the
human body. Because they are highly reactive, these free radicals interact
with many proteins in the body, such as DNA, which are important for our
health and proper functioning. This interaction ultimately results in the
breakdown of these important proteins causing damage to the cells of the
body. Many free radicals are oxygen centered; therefore the damage that
they cause to the proteins in our body is more often called oxidative
stress. Because of the ability of free radicals to breakdown important
proteins in the body, oxidative stress has been connected to a number of
diseases including heart disease, hypertension, cancer, and Alzheimer’s
disease. Fortunately, our body has a natural defense system against free
radicals called antioxidants. These antioxidants serve as a protective
mechanism by neutralizing the free radicals present in the body. When
there is an imbalance between the production of free radicals and the
ability of the antioxidants to neutralize them, oxidative stress occurs. For
healthy individuals in a resting state, the antioxidants made by the body
are enough to protect against oxidative stress. However, during exercise
there is an increase in oxidative stress levels. At the present time, the
amount of time it takes for oxidative stress levels to rise and fall after
exercise is not fully known.

This is a research study and you are being asked to join this study
because you are a Temple University student and a healthy individual
between the ages of 18 to 25.

The purpose of this research study is to understand the time-course
of how oxidative stress levels rise and fall after one bout of exercise.

. DESCRIPTION OF THE STUDY

If you qualify for the study you will be enrolled for a total of about 1
month. During this time period you will visit the HyMAP laboratory in the
Department of Kinesiology at Temple University on two occasions. You
will be one of approximately 40-48 people participating in this study at
Temple University.

Screening
During your first visit to the HyMAP laboratory, you will meet with

laboratory personnel and will be given a consent form to read (this
document). After Dr. Brown has thoroughly explained the consent form,
you will be given time to read the consent form and ask any questions you
may have about participating in the study. After all of your questions have
been answered and if you choose to sign this informed consent form and
participate in the study, you will be asked to complete a form to determine
whether you qualify for the study. The form which you will complete is a
health history questionnaire used to identify any risks that you may have
that would make it unsafe for you to exercise at a moderate intensity
without medical supervision. If any medical risks are identified you will be
excluded from the study at this point in time. This form will also be used to
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determine your habitual level of physical activity. This is not an exercise
training study, therefore qualifying participants are not exercise trained
and are asked to refrain from exercise during the course of the study. The
information which you provide on this questionnaire will be used solely for
study qualification purposes and will not be used for any other reason. The
total time for this visit is approximately 1 hour.

Testing
As part of an experimental study, you will be randomly placed into a

control group. This control group will not undergo a treadmill exercise test
and will only participate in the blood sample collection and body
composition measurement. Which group you will be randomly assigned to
will not be known to you until you arrive on the testing day. This will not
impact your benefits or risks at all. Nor will it influence your compensation.

During your second visit to the HyMAP laboratory you will undergo
the testing. If you are in the experimental group, you will complete a
treadmill exercise test and have five blood samples taken and body
composition measured. If you are in the control group, you will not
complete the treadmill test, but will still have your blood samples collected
and body composition measured. For this visit you will be fasted for 10
hours, meaning that no food or drinks (water is allowed) will be consumed
for 10 hours prior to this visit. You will also be asked to refrain from the
following: medications or vitamins 2 weeks prior, alcohol or caffeine 24
hours prior, and exercise 24 hours prior to the test. The total amount of
time for the visit is approximately 6 hours.

Body composition: On this same day, you will have your body
composition measured. This measurement will tell the investigators what
percentage of your body is fat, muscle and bone. The instrument that
measures your body composition is called bioelectrical impedance (BIA).
The machine will cause a very small electrical current to go through your
body for 2-3 seconds, but you will not feel anything. To do this test, you
will lie on a patient table on your back with your left foot exposed. A
technician will place two electrodes on your left foot and two electrodes on
your left hand.

Exercise Test: Exercise tests are often used to determine fitness
levels. By measuring maximal oxygen consumption (VOzmax), Which is the
amount of oxygen that your body can use to do physical work such as
walking or climbing stairs, your present fitness levels can be determined.
For this study, investigators are interested in how moderate levels of
exercise affect oxidative stress levels, therefore investigators will measure
your VO, and heart rate as you walk/run on a treadmill to make sure that
you exercise at a moderate intensity. Understand that this test is not a
maximal exercise test and you will not exercise to exhaustion.

Prior to starting the exercise test, a technician will apply small sticky
pads known as electrodes to the skin of your upper body. At the location
where the sticky pads are placed, your skin will be rubbed with an alcohol
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pad prior to placement. These electrodes will allow the technician to
monitor your heart while you exercise. During the exercise test you will
also wear a clip on your nose and will breathe through a mouthpiece that
is connected to a machine that will measure oxygen and carbon dioxide.

The exercise test will begin with a warm-up where you will walk
slowly on the treadmill for 3-4 minutes to allow you to become comfortable
with walking on the treadmill. The test will be easy at first and get more
difficult every 3 minutes. The exercise test will become more difficult
because the speed of the treadmill will be increased and the angle will go
up making it seem like you are walking uphill. The exercise test will
continue to increase in speed and angle every 3 minutes until you reach a
moderate level of intensity or about 75% of your maximal capacity. At this
point the technician will modify the speed and angle of the treadmill to
keep you at this intensity for a total of 3 minutes. If you become
uncomfortable or short of breath you can ask the technician to stop the
test at any time. However, it is natural to become “winded” when
performing moderate intensity exercise. During this exercise test your
blood pressure and heart rate will be monitored every 3 minutes. At
certain times during the test a technician will ask you to point to a chart to
indicate how difficult the exercise is feeling. The total time to complete the
entire exercise test is approximately 8-12 minutes, not including the warm-
up.

Blood Drawing: On the same day as the exercise test you will also
have blood samples taken five times so that investigators can measure
how your oxidative stress levels change with exercise. Your blood will be
taken before beginning the exercise test, immediately after, 30 minutes
after, 1 hour after, and 2 hours after the exercise test. Because it is
important that you remain fasted for the 2 hour time period after exercise
for blood draws, we ask that you remain in the lab area during this time.

Your blood will be drawn from your arm by a staff member fully
certified in phlebotomy. You will be asked to lie down and the staff
member will tighten a band around your upper arm, wipe your arm with an
alcohol pad, and then insert a small butterfly needle into a vein of your
arm. Three tubes of blood will be filled for each of the five blood draws,
which is less than 1 ounce (2 tablespoons) of blood. A total of less than 5
ounces (10 tablespoons) of blood will be taken during the entire study.

. POSSIBLE RISKS RELATED TO PARTICIPATION IN THIS STUDY

The following risks, although low, are related to participation in this
research study.

Exercise Testing: The risk of maximal exercise testing is that out
of 10,000 tests, someone has a medical problem. In 1 out of every 70,000
exercise tests, a person will die from heart problems. In medical terms,
doctors call this a rare event. Because the exercise test which you will
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complete is not a maximal test, and because you are between the ages of
18 to 25 with no known risks factors, the risks of a medical problem are
even lower. The investigators will make sure it is as safe as possible for
you to do this test. The staff is trained in CPR and AED, and an
emergency procedure plan is implemented in the laboratory which all staff
reviews every 3 months.

Giving Blood: The research staff will take your blood in exactly the
same way as when you have your blood taken at the doctor’s office. There
is a small risk of bruising and rarely infection. These risks will be lowered
by using sterile procedures and by having trained personnel collect all
blood samples. There is also some discomfort associated with needle
sticks and sometimes, people have been known to faint during needle
sticks and blood drawing. Staff members will take your blood while you are
lying down which helps to prevent fainting.

Body Composition: There are no known risks of having the
amount of fat measured in your body. There are no needles and no pain.
Sticky pads are placed on your foot and hand and the tests only takes
about 5 minutes.

4. POSSIBLE BENEFITS OF PARTICIPATING IN THIS STUDY
Exercise testing is a procedure that provides you with valuable

information concerning your health and fithess status that many people
often do not have access to. Typically, many individuals undergo an
exercise test at a hospital when they reach middle to late adulthood when
they are suspected to have a medical condition. Some endurance athletes
also pay to undergo an exercise test at a sports performance laboratory in
order to gain information that will enhance their training program’s
effectiveness. By participating in this study you will be gaining information
about your health that most adults don’t receive until much later when it
may be too late to take preventive measures for your health. You also will
be receiving information that may be beneficial for individualizing an
exercise training program to suit your current fitness levels. Whether these
benefits will occur for you cannot be guaranteed.

5. ALTERNATIVE PROCEDURES
There are no alternative procedures available for the exercise test
and blood draw. You have the choice to not participate in this study.

6. CONFIDENTIALITY STATEMENT
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All documents and information about this study will be kept
confidential in accordance with federal, state, and local laws and
regulations. The investigators will use a coding system consisting of a
combination of letters and numbers to maintain confidentiality. Your name
will not appear on these samples. After researchers have completed the
study all blood samples will be destroyed. You understand that medical
records and data generated by the study may be reviewed by Temple
University’s Institutional Review Board and the Office for Human Research
Protections to assure proper conduct of the study and compliance with
federal regulations. You understand that the results of this study may be
published. If the results are published, you will not be identified by name.

7. VOLUNTARY PARTICIPATION STATEMENT
You understand that participation in this study is entirely voluntary,
and that refusal to participate will involve no penalty or loss of benefits to
you. You may discontinue your participation at any time without penalty or
loss of benefits.

8. COMPENSATION STATEMENT
You understand that you will receive a $20 Visa gift card if you
complete this study. Additionally, you will be placed in a raffle with the
other participants for a 2GB Ipod Shuffle. You will receive compensation
for your participation at the end of your testing period and you will be
notified if you are the raffle winner of the Ipod Shuffle after the entire study
is completed and the drawing occurs.

9. INSTITUITIONAL CONTACT
If you have any questions about your rights as a research
participant, you may contact the Institutional Review Board Coordinator,
Richard Throm at (215) 707-8757.
If you have questions about research-related injuries, you may
contact the Principle Investigator, Deb Feairheller, in the Department of
Kinesiology at (215) 204-0084.

10.STANDARD INJURY STATEMENT
You understand that if you sustain an injury as a result of
participation in this study, the physician’s fees and medical expenses that
result will be billed to your insurance company or you in the usual manner.
You understand that financial compensation for such injuries is not
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available. You understand that you have not waived any legal rights that
you would otherwise have as a participant in an investigational study.

11.COSTS STATEMENT
You understand that tests required by the study will be provided at

no cost to you. You understand that you are responsible for transportation
to the study site and parking.

12. TERMINATION STATEMENT
The investigators have the right to terminate your participation

without regard to your consent. This could occur if you cannot make your
appointments or experience a change in your medical condition during the

course of the study.

13.STATEMENT OF NEW SIGNIFICANT FINDINGS
You will be informed in a timely manner of any new information

regarding this study that may have an affect on your willingness to
participate, continue your participation, or after your participation that may
have an affect on your future medical care. You may be asked to sign a
revised informed consent form that contains this new information.

14.FINAL STATEMENT AND SIGNATURE
This study has been explained to me, | have read the consent form and |

agree to participate. | have been given a copy of this consent form.

Participant’s signature Date
Principal Investigator’'s Signature Date
Date

Witness'’s Signature



