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Abstract
Background: Oxidative stress and inflammation are important factors in the pathogenesis of diabetes and
contribute to the development of diabetic complications. To understand the mechanisms that cause vascular
complications in diabetes, we examined the effects of high glucose and/or free fatty acids on the production
of superoxide from neutrophils and their role in endothelial cell damage.

Methods: Human neutrophils were incubated in the media containing 5.5 mM D-glucose, 30 mM D-glucose,
3 nM oleic acid, or 30 pM oleic acid for 1 hour to evaluate superoxide production through NAD(P)H oxidase
activation. Human aortic endothelial cells were co-cultured with neutrophils exposed to high glucose and
oleic acid. We then measured neutrophil adhesion to endothelial cells, neutrophil activation and superoxide
production, neutrophil-mediated endothelial cell cytotoxicity and subunits of neutrophil NAD(P)H oxidase.
Results: After 1 hour of incubation with various concentrations of glucose and oleic acid, neutrophil
adherence to high glucose and oleic acid-treated endothelial cells was significantly increased compared with
adhesion to low glucose and oleic acid-treated endothelial cells. Incubation of neutrophils with glucose and
free fatty acids increased superoxide production in a dose-dependent manner. High glucose and oleic acid
treatment significantly increased expression of the membrane components of NAD(P)H oxidase of neutrophil
(gp917"”). Endothelial cells co-cultured with neutrophils exposed to high glucose and oleic acid showed
increased cytolysis, which could be prevented by an antioxidant, N-acetylcysteine.

Conclusion: These results suggest that high glucose and/orfree fatty acidsincrease injury of endothelial cells
via stimulating NAD(P)H oxidase-induced superoxide production from neutrophils. (Korean Diabetes ]
33:94-104, 2009)
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D-glucose, diphenyleneiodonium, superoxide dismutase,
lucigenin, xanthine, xanthine oxidase, oleic acid, N-acetylcystein
(Sigma-Aldrich, St. Luois, MO); fetal calf serum (FCS),
penicillin/streptomycin (Invitrogen, Carlsbad, CA); Na’'CrO,
(GE Healthcare, Tampa, FL); antibodies against p22™",
gp91”™ and actin (Santa Cruz Biotechnology, Santa Cruz,
CA).
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o7k s Wu]MlZE(human aortic endothelial cells;
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L-glutamine, 10 mmol/L HEPES, 100 U/mL penicillin,
100 pg/mL streptomycing 27519t 80% A|E7}F 3hF
(confluence)7} EH 24 A7 E<F 0.5% XS 71A+= v
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7y Fo 35T MEE Triton lysis 95H[pH 7.4, 50
mmol/L HEPES, 5 mmol/L EDTA, 50 mmol/L NaCl, 1%
Triton X-100, protease inhibitors (10 ug/mL aprotinin, 1
mmol/L phenylmethylsulfonyl fluoride, 10 pg/mL leupeptin),
phosphatase inhibitors (50 mmol/L sodium fluoride, 1 mmol/L
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30 mmol/L D-glucose S 1417} B¢t A2s1S vl &%
o] I3 ] A Eel] tigk F2-E0] 5.5 mmol/L D-glucose
9] wijekz7dol] Hlste] HAs| F7FSIACHP < 0.01, Fig. 1).
1417} =<k 30 umol/L oleic acid®] wieEz7ol|4] TF2]
W) Aol tfglk =S % 3 nmol/L oleic acid®] wiek=zA
of] vlal d=Js] EHHP < 0.01, Fig. 1). B2+ 30 mmol/L
D-glucose®} 30 umol/L oleic acidE FAloll =ZFA17] wljk
Z71o1A] WA Zell thet a57e] e A e
S5 9 AFES] oleic acidoll :=FAIZLE ol vl f2
A Z7RI.om(P < 0.001), o] EAld] NACE Fois}
e W] F2REo] fofehAl Z4=slairkP < 0.001, Fig. 1).

2. ST 430 DIkl nsEe EZEEN 7| X|
=]

Z}Z+ D-glucose 5.5, 30 mmol/L2} oleic acid 3 nmol/L,

30 30 (mM)
3 3x104 3x10¢ 3x10*  (nM)

5.5 5.5

Fig. 1. Effect of high glucose andjor oleic acid on neutrophil adhesion to endothelial cells. * P < 0.01; ¥ P < 0.01; ¥ P
< 0.001 vs. cells treated with normal glucose or low oleic acid for 1 h. § P < 0.001 vs. cells treated with high glucose

and high oleic acid. NAC, N-acetylcystein.
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ZTllA fEl=l= lactoferrin?} myeloperoxidase S S}
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P < 0.01, Fig. 2).
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=37 k= ZIellA] superoxide Fol RS A
EIedt 55 9 ZE559] oleic acidol] =347 vljeEz 70|

vlsll felstAl S7Fsll e (P < 0.001), o] EAlell NAC
£ Folsils ufl dA] 24=sl9lehP < 0.001, Fig. 3).
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i1 o
e R/

FEFE] W AZel gt AEEAS Hrkslr] Sl 1
Al7F E<F D-glucose 5.5, 30 mmol/L 2l oleic acid 3
nmol/L, 30 pmol/Loll wieks}sd-s- ]l 2 D-glucose 30
mmol/L&} oleic acid 30 umol/Lel] :2EF% 3F7-5 dohy|
| A|Ee} Zro] wiekslls Wi Aol s kP

< 0.01, Fig. 4). X3t 30 mmol/L D-glucose2} 30 pmol/L

5.5 5.5 30 (mM)
3 3x10* 3x10° (nM)
t

5.5
3 3x10*

5.5 30

3x104

(mM)
(nM)

Fig. 2. Effect of high glucose andjor oleic acid on neutrophil activation. * P < 0.01; ¥ P < 0.01; ¥ P < 0.001 vs. cells

treated with normal glucose or low oleic acid for 1 h.
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Fig. 3. Effect of high glucose and/or oleic acid on neutrophil superoxide production. * P < 0.01; ¥ P < 0.01; ¥ P < 0.001
vs. cells treated with normal glucose or low oleic acid for 1 h. § P < 0.001 vs. cells treated with high glucose and high
oleic acid. NAC, N-acetylcystein.
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Fig. 4. Effect of high glucose andfor oleic acid on endothelial cell toxicity. * P < 0.01; ¥ P < 0.01; ¥ P < 0.001 vs. cells
treated with normal glucose or low oleic acid for 1 h. § P < 0.001 vs. cells treated with high glucose and high oleic acid.

NAC, N-acetylcystein.
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Fig. 5. Expression of subunits of neutrophil NADPH oxidase. * P < 0.01; ¥ P < 0.01; ¥ P < 0.001 vs. cells treated with
normal glucose or low oleic acid for 1 h.
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oleic acidol] EAOl] s STFFA =718 AEFA]LS
NAC (10 mmol/L)Z HXXs19S ol FoJsiAl 7HashS
RoJthP < 0.001, Fig. 4).
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