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Background—The prevalence of the endotheliom-mmpaired function disorders, such as hypertension and diabetes malhitus,
and the severnity of their complications are considerably zreater m blacks than whites. Exndence has accumulated that
superoxide (0. ) production and 1tz interaction with mine omide (NO), yielding the strong oxidant peroxymitrite
{(ONOO™), play central roles m vascular pathophysiclegy. We lnpothesized that the diffsrences m endothelial
MO/Q, /ONOO metabolizm may highhght the potenhal predisposition to endothelial dysfunchion and cardiovascular
complications prevalent i blacks.

Methods and Resuliv—Highly sensitive tandem electrocheamacal NOV/Q, /ONOO ™ nanossnsors were posiioned 1 single
human umbilical vem endothelhial cells (HUUVECs) 1sclated from blacks and whites, and the kimetics of NOV/Q, /ONOO
relaaze were recorded m vitro. HUVECs were also analyzed by Western immuncblotting and enzyme actrrty assavs for
MNADP)H-cxidase and endothelial KO synthaze (elNOS). Compared wath whites, HU'WEC: from blacks eherted reduced
releaze of bicactive MO with an accompanying increase m the releaszs of both 0, and ONOQ . The greater potency
of WO production becauze of aNOS upregulation m HUVEC: from blacks 1= associated with a decreass m the NO
brozvailabihity. This 1= due to mereased MO degradation by excess O, prodoced primanly by 2 enzymatic sources:
MNADPYH-oxmidazs and uncoupled eNOS.

Conclunions—Comparad with whites, the steady-state NO/0. /ONOD  balance m endothehal cells from blacks 1= kept
clozer to the redox states charactenstic for the endothelium-mmpaired function dizerders. Thiz may explam the
differances in racial predisposition to the endothehum dyzfimction during ongoing vascular disturbances with the

hallmark of enhancad NO inactrvation withmn the endothelmm b oxidative strezs. (Circulagon. 2004;109:25

11-2517.)
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n the past few decadss, the excess of hnpertension and

diabetes mellitos amone people of Afnican dsscent (blacks)
haz been recopmized as a substanhal porhion of the apparent
black health dizadvantage. This 1= especially true for Afnican
Amenicans, who have one of the highest rates of hypertension
and dizbetes mellituz m the world.'* Cardiovascular compli-
cztions aszociated wath these diseaszes, such as stroks and
heart and renal farlures, are responsible for the sreater rates of
mortality m blacks compared wath whites.

Endothelom-denved MO 1= a2 physiclogical meadiator of
munerous cellolar and organ fimections. One 1mportant phys-
wlogical role of WO 1z to protact the cardicnascular system
agamst pathophysiclesical meults. Besides beins the moest
potent endogenous vasodilator, NO also mhubits zmooth
muscle call proliferahion and musrabion, adhesion of leuko-
cvtes to the endothelium and platelet agzregation. An mn-
parment of the NO signalme pathway, 12, endothehal dys-
fimction, 15 one of the sarliest eventz m vascular dizeazes. The
reduced bioavalabilify of WO obeerved 1n the pathogenssis of
vascular dizeases may cccur by a reduchon m NO synthesis
and an mcreaze m O: generation. O reacts rapdhy with

MO, reducmne MO bicacthaty and producme ONOO | a
strons cxidant. The mereased O production within endo-
theliom accounts for a sismificant porhion of the relatre NO
deficit mn the vascular dizeases, meluding hypertenzion and
diabetes. In the majortty of cazes, the source of 0. excesz 1=
wncertain. although meohremeant of NATNP | H -dependent ox-
dazes, xanthme omidase, cyclooxygenasze, mutochondnal on-
dazes, and endothehizl ninec oxide synthass (eNOS) and
neurcnal 2N0S have been suggestad. © It should be noted that
the nat effact of the reaction bebasen MO and Q. compro-
rmzes reduchon of concentration of both substratas as wall az
bolozical effects of ONOO  itself Percoomiinite mduces the
oxadation of protems, DNA, and hipds m vascular walk.
Thus, inereazad production of 2 potentially deleternious me-
tabohta, ONOO | by aNOS may shift the balance batwesn
ooaidatrve and raductve states of the endothehial cell and may
alter the beneficial effacts of merezzmg NO actraty. hodu-
lation of either produchon or removal of MO and O, 1=
reflected in changes of ONOOD  formation and makes fluctu-
ations 1 therr levels fransient.
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TABLE 1. Chinical Characteristics of the Study Donaors

Whites Blacks P
Age, y 22+1 +1 NS
Waight, kg Bi+2 b8+ NS
Body mass mndex, kn'm* 226+14 23117 NS
Systolic blood pre=sure, mm Hg 12142 123+2 NS
Diastolic blood pressure, mm Hg 4+2 T2 NS
Smoking. yea/no 2 12 NS
Famiby history of yperiension, yesino mk2 anz2 NS
Family history of dabetes, yesno 2 412 NS
Plzzma glucose, mmolL E1+01 5.2+0.1 NS
LOL cholestercl, mmolL 2744014 26B+013 NS
HOL cholesterol, mmalL 1204008 1.24=006 N5
Trighperides, mmodl 1224008 112000 N5

In thas work, we electrochermically assayed™* N0, O, |, and
ONOO  vath modified electrodes mto a tandem of NO/O. /
ONOOQ  nanozensors, for the first time allowmz us to
measure concurrently the molecules m real me m a smele
endothelial cell. This approach 1= extremely favorable toward
understandms the processes and mechamzm of pathosene=s
m vascular dizeazes at the molecular level. We sought to
determune whether the predisposthon to vascular complica-
tions 1 blacks mplicates a reduction of NO bioavalalbity m
andothelnmm. If zo0, what mecham=m underhies the andothel:-
um-determmed race-specific drrersity? We found that de-
creased NO gvailabilty m blacks compared with whites 1=
due fo excesz 0, produced by NADPIH-ccadase that finally
vields enhanced formation of ONOO affer shmulation of
aN05. This, m tum, leads to the eNOS uncouplne, wiuch
produces O and NO, and may very well contnibute to
oxadatree stress and endothehal dy=fonchon.

Methods

Subjects and Cell Culture
Human umbilical vein endothelial cells (HUVEC:) were isolatad
into primary cultures from 11 white and 12 black famale donors by
Clonstics and purchased as proliferating cells. All cell calture domers
were healthy, and none had pregmancy or perinatal complications.
The clinical characteristics of the domors are reportad in Table 1.
Mons of the donors teok any drozs regularly, and all were nonzmok-
ers and consumed regular caloric'content diet Befors selection for
the study, donors of each zroup wers scresned by clinical history,
physical examination, routine chemical analyzes. and ECG. Exclo-
sion criteria wers kistory or evidence of prezant or past kypentension,
dizb=tes mellitus, renal dizeaze cardiac diz=ase, peripheral vazoolar
dizeaze, vasculitis, coapulopatity, or any other dizeazs predisposing
the domors to wascular complicationz. The local Rezsarch Ethics
Commities approved collection of tiszme specmens and all domers
Zave written informed consent

The HUVEC culture was incobated m 83% air'3% CO; at 37°C
and paszazed by an enzymatic {rypsin) proceduare ' The confhient
cells (4 %107 to 5x10° cells/35-mm dish) were placed with minimum
essprtial mediom contaiming 3 mmoelLl c-argmine and 0.1 mmalT
HE [{6R)}-5.6,7, 8-tetrahydrobiopterin]. Befors the experiments, the
cellz (from the zecomd or third passage) wers rinzed twice with
Tymde's solutton-HEPES buffer with 1.3 mmell CaCl, All
experiment: ware blindsd to the race of the endothelial cell domors
and stady treatment

Preparation of the Triple Sensor for NO, O,~, and
ONOO Detection

Concurrent measurements of NO, O, | and ONOO  were perfomed
with electrockemical microsenzars™* combined imto 1 working unit
with 2 total diameter of 3 to 4 pm Their desiem was bazad on
previpusly developed and well-characterized chemically modifisd
carbon-fber techreleey. Each of the sensors was: made by depositine
2 sensing material on the tip of carban fiber (lenoth, 4 t0 5 pm;
diametar, 0.5 pm) The fberz were szalad with noaconductive epdoxy
and electrically connected to copper wires with conductive silver epoxy.
We wzad conductive flm of polymeric nicks](Iltetrald(3-methesxy-4-
Inrdroayphanylporphiin for the WO sersor,®'’ an immebilized poly-
myraleharzeradish peroxidaze (PPvHEP) for the O, zenzor® and

polymeric film of Mn(ITH2 JjparacyclephenyipompinTn for the
ONOO sensor for the ONOO  senspr ™2

Measurement of NO, 0,7, and ONOO™

The tandem W00, 'ONOOD nanozensers with 2 platinum wire
(0.1 mm} counterslectrode and satarated calomel reference elacirpde
were applied. Differential pulzs voltamstry (DPV) 2nd amperomstry
were performed with 2 computer-bazsed Gamny VFPE)) multichan-
nel potentiostat 0PV was uzad to measurs the bazal NO, O, |, and
ONOO  concentrations, and amperometry was used to measure
chanzes m N0, 0. |, 2nd ONOOQ  concentration: from its basal leval
with time [detection limit of | amell. and resoluoton time <250 ms
for 2ach senzar). The DPV cumrent at the peak potantial characteristic
far HO {0.65 V") oxidation and ONOO (045 VyorQ, {(—023 V)
reduction was directly proportional to the local concemtrations of
theze compounds in the immediate wvicinity of the sensor. Limear
calibration curves were constructsd for each senser from 5 nmelL to
3 pmaoll before and after measarements with aliquets of NO, O- |

and ONOOQ standard selutions, rezpectvely. The tandem system of
N0, ONOO  nanpzensors was lowsred with the help of 2

computer-cantrolled micromanipulator antil it reached the sarface of
the cell membrane {3 small piezeelectric sienzl, Sto S pA, of L fo 3
ms Juration was observed at this peint). The sensors were slewly raisad
4+] pm from the surface of 2 single endothelial cell The eMNQO3
2zpnists calcium jonophare 423187 (Cal) and acetylcholine weare then
mjected with 2 nanoinjector that was alse positionsd by 2 compater-
conirolled micromanipulator. In the expemments with eNOS agomist
stimulation, endothelial cells were pretreated for 3 hour: with
0.3 mmoll N -nitro-l-arpinine methyl ester (L-MAME), an eNO3
mhibitor, 0.3 mmoll 3-morpho-linpsydnanimme-N-ethylcarbamide
(SIN-1)3'" a relsasar of both NO and ©. ; 0.0] mmall
AT tetrakis(]-methyl-4-prridyljporphyrin pentachlorids (MnT-
MPYE) or 1.0 mmell tempol (4-kydroxytetramethylpiperidine-1-
axyl), both cell-permeable superowide dizmutase (SO0 mimetics, or
0.0]1 mmoll 3,10,1520-tetrakis(4-sulfonatophenyl)porphyrimato
mron{IIl} chleride (FeTPPS) aor (.1 mmolL unic acid, beth ONOO

scavengers. Immediately before the meazuraments of eWNOS 2zonist-
stimulated NO, 0., and ONOO releaze, the incobation was
stopped by washing the cells twice with the buffer free of the test
substances. In the experiments for determination of bazal NO, O |
and ONOOD |, the cells were preincubated for 3 hours befare and
during the measurements with various oxidase inhibitors (mmoelT):
3.0 apocymin,* 0.05 6,3-dially]l 3,7-dihydroxy 2-(2-allyl 3-hydrowy
4-methorxyphenyl}l-H benzo{fpyran-<-one (517334) (Semiar),™
0.1 oxyvpurinel, 0.1 rotenaone, 0.0]1 meclofenamate, or 0.5 L-NAME.

NADNP)H-Dependent Superoxide Production
Endothelial O, prodoction was alse meazured by SOD-inhibitable
ferricyiochrome ¢ reduction azsay as described previously. ' Enefly,
equal protein samples of endothelial cell homegsnate were incubatad
in 1 mL of buffer containing ferricvtechrome ¢ {80 pmoll) in the
presence of NATNPIH or NADH (100 pamelL) at 37°C for 43
mimutes, and then abzorbance was meazured at 350 nm. All expen-
mants were parformed with er without 30D (400 U'mL). Superoxide
production was calculated as the porton of ferricytochrome ¢
reduction inhibited by S0D.
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TABLE 2. Basal NO, O,~, and ONOO- Reloase From Endothelial Cells in Whites and Blacks
After Inhibition of Endothelial 0, Generation Sources

‘Whites Blacks

N 0, ONOO NO 0; ONDO
Basal {pontral) M.5+1.3% 1=1.0¢ 14104 92+11 176+13 188+15
& Apocynin 22+3271° 42410 6.4+1.0¢ 269+18° 4510 1314
+ 517834 XMB+2F 39=10° 6.1+1.0¢ Ae+21" 434100 T0140r
¢ heypuringl 2 B+1.4t 8.0=1.0¢4 9.0:+1.04 M3+15 15910 168+12
+ Rotenone 941 H ad=1.0 10.51.04 10.7+12 16.2+1.1 172414
+ Meclofenamate 27941 8% S7=10%% [AESNIy | 19012 122+:10° LLIES g
+ L-NAME NI 253+1.8° ND g1 NO

Values are given in nmobl. ND indicates not detectable; n—12 subjects. Endothelial cells were meuhsted for 3
hours befors NO, 0z |, znd ONOO  determination with various ooidsse infibibors: 3 mmol’L apocynin or 0.05 mmaol/L
S17834 [both mhibitors of NADIFJH oxidase], 100 pmolL oxyparingl {an inhibitor of xanthine oadsze), 100 wmolL
robenane fan infabator of mitocchondnial ceidases), 10 pmoll meckdfenamate {an inhibitor of cyclooxygenase), or

300 pmolL L-NAME {an inhibitcr of eNOS).
*P=0.01 ws bassk $P-=-0.01 ws blacks.

Wesztern Immunoblotting
Samples of endothelial cell homopsnate, equalized for profein
comtent, wers separated by SDE-PAGE (3% gels) and tranzferred to
MVDF membrans: WADPH-oxidaze compensnts were detectad with
zoat pelvclenzl antibodies agzinst pé7phox or pd4 Tphox ar p2lphox,
and aN(3 waz detected with polyclanal anti-eNOS antibody (Santa
Cruz Biotechrmelozy).'® To compars the WADPH-oxidase sobunits
and aN0OE exprezzions with the expreszion of amother protain, we
analyzed the expression of Bactin by Weztemn blot wiing 2 mono-
clonal apt-fFractin antibody. Band: were dstected by horseradish
peroxidaze—conjugated erondary amtibodies and visualized by
chemiluminascence.

All cheamicals ware purchazed from 3izma-Aldrich, unless pther-
Wize nated.

Calculations and Statistical Analysis

When applicabls {comparizon betwesn I valaes), statistical analysis
was done with Stodent’s r test For multiple comparisens, resulis
were analyzed by ANOVA followed by Bonferroni's and Duen's
carraction '™ Data are presented as mean *3EM. Means were con-
sidered siznificantdy differsnt at P<0.05

Results

Differences Between Whites and Blacks in Bazal
NO, 0,7, and ONOO~ Releaze From HUVECs
Comparad with whites, endothelial cells from blacks elicited
reduced releaza of biologically actrre (diffusible) N0 wath an
accompanymmg mcrease m the releass of both 0. and
OO0 (Table I). This suggests that m blacks, a decrease
MO boavalabilty 1= not a result of a decrease of NO
synthesiz but rather of an merease of MO consumption by
axcess of O, . To mvestigate the endothelial emzymatic
sources of 0, production in both racal sroups. we measurad
O, release wath concurrent measurements of NO and
OO0 1 response to a range of potental ccndase mhabitors.
In both blacks and whites, 0. produchon was mhibated by
apocynmn and S17834, NAIDNP)H-cmidase mhubitors. Also,
both apocynin and 817834 completely abolizhed differences
between whites and blacks m release of the detected mole-
cules. When the cells wers treated with cxaypunnel, meclofe-
namate, or rotencne, only meclofenamate appreciably sup-
pressad - releaze m both racial groups. However, the

differences m NO, 0. | and ONOO  relezse from HUVEC:
between whites and blacks were stll mamtamed m the
presence of each of the 3 mhibators. The presence of
L-MANE resulted 1 a sizmficant imcreaze of (. releasza mn
both whites and blacks becauss of the loss of O, scavensns
by NO. Intngungly, the proportionally greater merease m
0, release from HUVEC: m the presence of L-MNAME mn
whites than blacks (16.2+135 versus 3.2+13 mmoll;
F20.01) suggests that the net effect of MOS actrvity i blacks
15 aszsoclated with dimumshms O scavenzine by &MNOS-
derrvad NO. In both groups, NO and ONOO  releaze m the
presence of L-MAMNE were suppreszad below the detection
Linnts.

Increazed NAINP)H-Oxidaze Activity and Protein
Subunitz in HUVECs From EBlacks

To ascertam whether the mmcreased O, releaze from endo-
thelial cells m blacks 1= caused by an merezse m NADPIH
activity, we comparad WADH- and NADPIH-dependent O-
production m the endothehal cells from wiutes and blacks. As
aexpected, 1 endothalial cells, NADH stimulated (. produc-
tion with greater potency than NAD(P)H m both ramal groups
(Figure 1). NADHNADP)H-stmmmlated 0. production
from HUVEC: was =zigmificantly greater in blacks than
whites. In both racial groups, NADHNADP H-shmulatad
0. production was mhibitad by apocymin or 517834 but not
by coopunnol, rotenone, meclofenamate, or L-NAME. We
also mvestizated the ralative abundance of WADP I H-condaze
protemn subunits m the endothelial cells. Belatrve quantifica-
ton of protem bands, normalized to B-achn, revealed m-
creased levels of the p22phox membrane-bound subunt and
the pfTphox and pd 'phox cytosolic subumtz 1 HUVEC:
from blacks compared with wiites (Figure 2).

Increaze in Both eNOS Protein Level and
Uncoupling in HUVEC: From Blacks

As in MAD(FiH-oxidase protein subunits, Western blot
analvsis revealsd a parallel mersase m elNOE expression m
HUVEC: from blacks (Figure 2). Also, the NOS activity was
significanthy greater in HUVEC lysates in blacks than whites



