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Endothelial Dysfunction through Tumor Necrosis Factor-Q Activated
Lectin-like Oxidized Low-density Lipoprotein Receptor-1

Overexpression

Anongnat Painupong®, Kesorn Suwanprasert**

Abstract

Atherosclerosis is an inflammatory disease that cytokines such as tumor necrosis factor-Ot (TNF-CXX) plays a critical
role in acute phase response and is expressed in the intima of lesion. The activation of TNF-OX in endothelial
dysfunction leading to an initial step of atherosclerosis is obscure. In this study, we hypothesized that endothelial
dysfunction was triggered by an excess of reactive oxygen species (ROS) through TNF-O induced lectin-like
oxidized low density lipoprotein receptor-1 (LOX-1) overexpression. Human umbilical artery culture was used as
organ model and also, was treated with 40 ng/ml TNF-O for 2, 4, 8, 16 and 24 hrs. Endothelial function was
monitored by real time nitric oxide measurement using electrochemistry technique. LOX-1 expression was analyzed by
RT-PCR. Superoxide dismutase (SOD) activity was assayed by SOD determination kit. The results shown that vascular
nitric oxide levels were decreased significantly throughout 2-24 hrs experiment. Whereas, inducible mRNA LOX-1
was increased significantly after treated with 40 ng/ml TNF-OX at 16 and 24 hrs which corresponding with profound
declined NO levels. Consistent high SOD activity was evident which indicated the available superoxide anion (0°-) in
vasculature from, eventually, peroxynitrite formation. These findings suggested that TNF-OX activated ROS production
that in turn, induced up-regulation of LOX-1 expression and also reduced NO levels leading to endothelial dysfunction.

In conclusiond, overwhelmed ROS caused by TNF-CX stimulation led to endothelial dysfunction through overexpression

of LOX-1. Endothelial damage was from both an excess ROS and, probably, reactive nitrogen species (RNS), peroxynitrite.
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Introduction atherosclerotic lesions’. LOX-1 expression can be upregu-

The endothelium is a functional barrier between lated by TNF-OL in cultured bovine aortic endothelial cells®

the blood vessel and the blood stream, and also plays a
vital role in vascular homeostasis. Endothelial dysfunction
or activation, elicited by oxidized LDL (Ox-LDL) has been
implicated in the initiation of atherosclerosis. Recently,
atherosclerosis is rather gained popularity certainly in an
inflammatory disease’ since oxidized LDL and its own
receptor’: Lectin-like oxidized LDL receptor-1 or LOX-1
has been identified at atherosclerosis lesion.® Cytokines
of the acute phase response in inflammation such as

TNF-&X, IL-1O and |L—1ﬁ are expressed in the intima of

and vascular smooth muscle cells.’ Recently, human
umbilical artery culture is developed and set up in our
laboratory and permits long-term maintenance of viable tissue
(>4 weeks) which combines the advantages of the
natural cell and matrix configuration. Additionally, it
provides the inherent advantage of eliminating blood
pressure and flow effects. In this study, we hypothesized
that endothelial dysfunction was triggered by an excess
of reactive oxygen species (ROS) through TNF-OX induced

LOX1 overexpression.
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Materials and Methods
2.1 Materials:

RPMI 1640 and L-glutamine were obtained from
Invitrogen (USA). Fetal bovine serum albumin (FBS), 100x
Antibiotic (Gibco, Invitrogen), Tumor necrosis factor-alpha
(TNF-CX), and other chemicals were purchased from
Sigma (St. Louis, MO). iScript reverse transcriptase, oligo
(dT)20 primer and DNA polymerase were purchased from
Bio-Rad (USA).

2.2 Methods:

The experiments were divided into two groups :
(1) control group was vascular ring only (2) TNF-&(
treatment group was vascular ring with 40 ng/ml TNF-CX
at 2, 4, 8, 16 and 24 hrs.

2.3 Organ culture preparation

Human umbilical artery was isolated and
cultured in RPMI 1640 media containing 10% FCS,
amphotericin B 5 ug/ml and gentamycin 100 pg/ml under
5% CO2 and 95% air at 370C. The culture medium was
observed and replaced with fresh medium every 2 days.
On day 2, the experiment was performed for 2, 4, 8, 16
and 24 hrs treatment.

2.4 Determination of nitric oxide (NO) concentration

NO concentration was measured by electro-
chemistry technique (Model inNO-T, amino-700 NO
Sensor). The amount of NO concentration was displayed
in nanomolar (nM).

2.5 RT-PCR for LOX-1 mRNA expression

Total RNA was extracted from human umbilical
artery with a phenol-guanidine thiocyanate; TRIzoI®
reagent (Invitrogen, USA). The total RNA was isolated and
modified as described by Rodrigo’. Briefly, the homog-
enate was centrifuged, then supernatant was aspirated
and precipitated by 100% isopropanol. Total RNA was
dissolved with RNase-free DEPC-treated water (Promega,
Madison, WI) and mixed by pipette. The concentration
of total RNA samples was quantitated at OD 260/280
nm by NanoDrop2000. The total RNA sample was kept
at —80°C until use. cDNA was generated from 2 pug
total RNA using SuperScript Il (Invitrogen). In short, RNA

template, OIigo-deo, dNTP and nuclease-free water were
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mixed with the RT-master mix, which consisted of 10X
RT buffer, 25 mM l\/IgCIz, 0.1 M DTT, RNase OUT (40
U/ul) and SuperScript I RT (200 U/ul) and DEPC-treated
water (Invitrogen). All components were gently mixed,
spun down and aliquoted 10 pl to each RT-reaction,
incubated at 50°C for 50 min and 85°C for 5 min,
respectively.

cDNA product from RT reaction were subjected
to PCR amplification using Tag DNA polymerase (Invitro-
gen) and specific oligonucleotide primers for LOX-1 size
193 basepairs, sense LOX-1 primer: 5 -TTACTCTCCATG-
GTGGTGCC-3", antisense LOX-1 primer: 5 -AGCTTCTTCT-
GCTTGTTGCC-S', and ﬁ-actin size 201 base pairs; sense
ﬁ-actin primer: 5 -TCGAATTCTGGAGAAGAGCTATGAG-3 ,
anti-sense ﬁ-actin primer: 5 -TCGGATCCGTGCCACCAGA-
CAGCACT-3 by using the PCR condition as follows:
initial denaturation at 95°C for 3 min, followed by 30 cycles
with 94°C for 1 min, annealing temperature of 60°C for
1 min and 72°C for 2 min. LOX-T gene products was
193 base pair and then it was loaded on 2.5% agarose
gel and visualized with ethidium bromide. Quantitative
concentration of LOX-1 expression was determined by
AlphaVIEW SA program.
2.6 Statistic Analysis

All data are expressed as mean * SEM. Data
were analyzed by ANOVA and significance was taken at

P < 0.05.

Results

3.1 Effect of TNF-OL on NO level and LOX-1 expression

Human umbilical artery ring was treated with
20 and 40 ng/ml TNF-OX for 16 hrs and then determined
NO level and percentage of LOX-1 expression. NO was
decreased significantly whereas percentage of LOX-1
expression was significantly increased (fig. 1) We selected
40 ng/ml TNF-OX as dose treatment for next experiment

protocol.
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Fig. 1  Dose-response of 20 and 40 ng/ml TNF-O on NO levels and % LOX-1 expression. Data are expressed as
mean + SEM.
* p < 0.05 compared with control.

3.2 TNF-&X reduces NO concentration Significantly decreased NO levels were revealed at 2-24
40 ng/ml TNF-O( was capable of reducing NO hrs treatment compared with control and those with
concentration at 2-24 hrs treatment as shown in fig. 2 among treatment hours.
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Fig. 2  Significantly decreased No levels with 40 ng/ml TNF-O( at 2-24 hours.
* p < 0.05 compared with control.

# p < 0.05 compared among treatments (n = 9).
3.3 Effect of TNF-OL on SOD activity The result indicated that available superoxide anion (OZ.-)
SOD activity was significantly increased in 4, 8, produced consistently from TNF-O( activation of major

16 and 24 hrs treatment of 40 ng/ml TNF-OX. (fig. 3) vascular ROS source such as NADPH oxidase®.
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Fig. 3 SOD activity at 2-24™ hours after 40 ng/ml TNF-O( treatment.
* p < 0.05 compared with control.

# p< 0.05 compared among treatment hours (n = 5).

3.4 Overexpression of LOX-1 by TNF-OL 24 hrs (0.24 £ 0.0028 and 0.31 * 0.0011 respectively)
Inducible mRNA LOX-1 was significantly upregu- as shown in figure 4 which corresponding with profound

lated after treated with 40 ng/ ml TNF-&X for 16 and decrease in nitric oxide level (fig. 1).
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Fig. 4  Overexpression of LOX-1 at 16" and 24" hours of 40 ng/ml TNF-OX treatment

* p < 0.05 compared with control.

# p< 0.05 compared among treatments (n = b).
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Discussion

TNF-OX is one of the most potent pro-inflam-
matory cytokines in inflammation through stimulating
expression of adhesion molecules on endothelium and
decreasing endothelial NO generation thereby inducing
endothelial dysfunction.®'® Previous study demonstrated that
TNF-O( was important in the disruption of macrovascular
and microvascular circulation by activated LOX-1."" TNF-O(
stimulated OZ.- production in endothelial cells through
NADPH oxidase.” Recently, endothelial dysfunction was
determined by low nitric oxide caused by overwhelmed
ROS release and activated LOX-1 expression' as our
results shown in fig. 1 and fig. 4. Nitric oxide levels were
reduced significantly during 2-24 hour treatments which
indicated low NO production and consequently reacted
with superoxide to be peroxynitrite™ that was confirmed by
consistent high SOD activity. The amount of Oz.- converted
to peroxynitrite depended on the relative rates of its
reaction with SOD and NO, which in turn depended on the
relative in concentrations of available SOD and NO." The
reaction of NO with OZ.- was rapid and facile (k = 6.7 x
10°M/S) resulting in peroxynitrite formation.'* Clearly, more
ROS from activated NADH oxidase by TNF-OX were seen
in 16" and 24" treatment hours of LOX-1 expression. In
summary, overwhelmed ROS caused by TNF-OX stimula-
tion led to endothelial dysfunction through overexpression
of LOX-1. Endothelial damage was from both an excess
ROS and probably, reactive nitrogen species (RNS),
peroxynitrite. Study of peroxynitrite formation will be

further investigated.
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