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High glucose enhances permeability of human pulmonary microvascular endothelial cells by
lipopolysaccharide stimulation in vitro and effect of DDAH/NOS/NO imbalance on its pathogenesis L/U
Xiu—juan, MU En, LIANG Ying—jian, ZHANG Zhi—dan, MA Xiao—chun. Department of Critical Care Medicine,
First Hospital of China Medical University, Shenyang 110001, Liaoning, China
Corresponding author: MA Xiao—chun, Email: xcma2972@sina. com

[Abstract]  Objective To investigate the damage to endothelial cells incubated in high concentration of
elucose challenged by lipopolysaccharide (LPS), and the likely mechanisms of injury. Methods Human pulmonary
microvascular endothelial cells (PMVECs ) were divided into the following groups: normal glucose group (NG ), normal
glucose + LPS stimulation group (NGL), high glucose stimulation group (HG), and high glucose + LPS stimulation
group (HGL). The cells were incubated with normal glucose (5.5 mmol/L,, contained 10% calf serum) or high glucose
(33 mmol/L) for 5 days to form a monolayer of cells before LPS stimulation (10 mg/L) for 24 hours. The microfilaments
(F-actin) were investigated by immuno—fluorescence, and the number and size change in fenestrae were examined by
scanning electron microscopy. The permeability of vascular endothelial cell was assessed by trans—PMVEC horseradish
peroxidase ~ (HRP) flux. Western blotting was used to determine the expressions of dimethylarginine
dimethylaminohydrolase 2 (DDAH2), inducible nitricoxide synthase (iNOS) and endothelial nitricoxide synthase
(eNOS). Nitric oxide (NO) was assessed by Griess method. Results When stimulated with LPS, cells incubated with
high glucose showed obvious microfilament rearrangement, a larger average diameter and increased number of F-actin,
as well as higher HRP permeability on the hyperglycemic PMVECs compared with PMVECs cultured with normal glucose
((53.62 £6.70)% vs. (23.63 £3.92)% , P<0.01). Furthermore, high glucose down-regulated DDAH2 expression
(arbitrary units, AU, 0.33 £0.08 vs. 0.77 £0.14 , P<0.01) and up-regulated LPS—stimulated iNOS production
(1.40 £0.29 vs. 1.04 £ 0.09, P<<0.01), as well as increased LLPS—stimulated nitrite/nitrate and stable NO end products
(pmol/L) compared with normal (20.36 +2.25 vs. 7.99 + 0.33, P<<0.01) and reduction of eNOS levels was observed
(0.67 £0.09 vs. 091 £0.17, P <0.05). Conclusion It demonstrated that, in vitro high glucose deteriorate
LPS-stimulated F-actin rearrangement and hyperpermeability of an endothelial monolayer, and the worsened imbalance
of the NO pathway may lead to endothelial damage in microcirculation.

[Key words] High glucose;  Endotoxin;  Dimethylarginine dimethylaminohydrolase 2;  Nitricoxide
synthase;  Endothelial cell permeability
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FE R NGL 41 LPS H 35 4 e 18] BR3% K, F-actin
SPYEE AR . FRSr TS HGL 41 LPS HilHUS 4t Al
] B ] i, F—actin ZF4E4E 01 T 240 5

2.3 FHG BT AN A AL O (8] 2) NG 2 4n g
PR DL T FLIE B s G 4 40 i o] L 7 £L , 40 e A 1
FHBS s NGL 41 LPS #3405 4 e % FL B AR 3 K I &,
HHEHMZ, WG I KR SL; HGL 44 LPS 4

50 pm

UG AR BE R ., AL 2 H AR
KA, AT R R LRI 5010

2.4 A4 HRP GEEZ (R 1) Bpal Sl el
AE N EE B2 41 i Xt HRP 938 35 % (P<<0.01) ; LPS
SRR R B = R AN A S T e, S5 E
HIE B (34 P<0.01),

F 1 HYUANERULAS M 2 A0 HRP 38575 %
LA EEWD NO S (R s)

2151 HRP #iEZ (%) 35 NO B hE (pmol/L)
NG 4 10.37 +1.29(8) 0.54+0.12(6)
NGL 41 23.63 +3.92(8)" 7.99 +0.33(6)*

HG 41 16.94 + 1.62(8)* 2.91=030(6)"
HGL 41 53.62 = 6.70(8)™! 20.36 +2.25(6)™!

1 HRP U A AL, NO - — AL AL NG 41 - IE# 44, NGL
A AEHBE + BE 25 (LPS) A, HG 41 BS54, HGL 41 . %
i + LPS Jlie ; 5 NG 41 1bE:, "P<0.01,"P<0.05; 55 HG 41
FEAE,“P<0.0155 NGL LA, "P<0.01; 15 5 9l REASL

2.5 A VSR NO (3R 1) :HG 41400 13
T NO FE A NG 41 B34 (P<0.05); LPS il
PHOE HBE 2 B R L X T A e i R NO & i
B JE A SRR R TR (B P<0.01),

2.6 4ifift DDAH2.iNOS.eNOS K IA(F 3 ~4):

50 pm 50 um

1 POURRET TS A HAERUIAL A (PMVEC)ZHE LN F (F-actin)AY3RIE  IEFHELL(a) F-actin 2} 45452 (3 BT 3k B
) AR L AL (b ) F-actin $R23SRAR (T LT 7R ) 5 IEHAE + IEZHE (LPS) AL (o) 24 h I 4 L) Bitsg R OK-F7 3k
JRR ), F-actin £F4EAR TR TR 2L (26 ELAT SR T/ ) 5 =t +LPS JIEH ()RR 24 b Ji5 400t ) Bt R ] 4t P85 3K B ) L AT 25 el s
W, F-actin £F4EGEAE W20 0 (BB BCATR TR ) e e (RATIeR

2 PR AL T A LI IR0 P AL (PMIVEC) fr9 2 i 5

ol ol ey 7

FLIEOL  TEFRE LA Ca) 40 MUK DL 1 AL 1L, AE AT UL/ IR S5 4

(G RIS ) s w2 (b)) AN 7 AL BRI R O SR TR ), AR TOHLRE s TE 50 + 15 220 (LPS) R () il 24 h Jis 4 M
AL AR AW A B 2 M Bl S T AR AL ORCERE S IR ) 5 5 +LPS BN () ML 24 h 5 2 BE o FL ARG R By

WA FLIR I8 205 OKFRESk PR ) iR



rRAE G ER AR EE A 2013 4E 3 145 25 %45 3 ) Chin Crit Care Med, March 2013, Vol.25,No.3 + 143 -

1.8

1.40+0.29"

20T 510,34
1.6 1.6 1.8
1.6
1.4 1.4 F
& (l).:)zﬁai . 1.04+ 1.4
< L2f : i U 0.09 ' 0.91+  1.02+
= 0.77+ T < 1.2 0.17° 0.07°
K 1OF 0.14" KR 1.0 0.74+
< 0.8 "Eéox 889 T o o
o 0.8 ~ 0.8 F 0. be
o b 0.8 0.09
< 0.6 33+ O 0.6k
E 0.335 C 0.6
A : -
0.4 | 0.4 0.4
0.2} 0.2 0.2
0 1 1 1 0 1 1 1 0 1
NG NGL4l  HGH# HGL4L NG NGL4l  HG# HGL4L NG#  NGL#  HG4L HGL4L
4151 4151 4151
1:: DDAH2: — W ERSZ% — — W KAl 2,iNOS iR AL —FL A G i, eNOS: N Bl — LA G, NG 2H : IE W, NGL 20 . IEH 4 + 5

L (LPS) AL TG 21 B4 HGL 41 5 +LPS 4L ; 5 NG 41 H4% ,*P<0.05,"P<0.01; 55 NGL 41 Hu4% . “P<0.05, 'P<0.01
3 YR A PR 4L DDAH2 (iNOS . eNOS 25 4 #6315

HLali LPS K v H 3 ¥ vl i DDAH2 (1) 2 3k s />
(P<0.01 Fll P<0.05); EikEREFRE , LPS H38 vl fdi
DDHA2 SRk B/ (3 P<0.01), 3 BLalifilig
BIR[fdt iNOS FRaBHG I, T [FHH AT INOS Fik ik
— BN (34 P<0.01), —F B aifilig 4 alffi eNOS
() 2Rk b, IR K T eNOS 26 38 5 Sy ik /b
(P<0.05 @ P<0.01).

NG4l NGL4L HGHL HGLAL % T Fis

e -

(240 000)

iNOS
e w— - (130 000)

eNOS
- W (135000)
- B —actin
b o J

DDAH2: —HLRG &R — —F oK 2,iNOS : iR 8 — UL A
A1, eNOS : N i B— S AL A A il , B-actin: B- WIS,
NG 41 IEHBEAL, NGL 41 : IEF 8% + Bg 20 (LPS ) 4,
HG 21 - W4 HGL 21 - b +LPS Hilifka
4 RV G B G RS A a2 P A 20
DDAH2 .iNOS .eNOS [ A #i5

3 3t it

—BINN, SRR/ 2 I ZE A
(ALI/ARDS) %A 0y BRAE IR by P4 52 40 35 £k
FAG7 , 5 HH B R Bl i 5 30 a2 P39 T 5 M o 28
PR A S e A 3 RO, BRI Y
T 5 Y R S8 I AR A AN 7 FL s A AR IR S AR A
SHYFEEALH 7 X T A ) S AL, 3k A
N5 PN B AN Y F-actin FLHEAT ™, IR N E K
PRAEAT T A5 W] 5 T el R T LS R
M, 8 ALEhE A B iR AR A R S L sh
FA £ 2 () W7 24 S 50 A3, F—actin (9 T 20 5 4 5%

T B FE L 2 R S5 T RE S R 2, X T
HIRRRZ RN F IR, SOAE R T 5 oz (kg
HIE e M N Z MG 5 7 S PR N, e
o5 | 6L A B 40 R A 4 R 4 T 8 B P 55, AT 5
N B 20 A R i A ST s A FITC bR
T R EE IR S S O Y S A L BE T B
W W, K PMVEC £E LPS HJCT (6 = b PR b
TGS, F-actin 75 PN R 240 A P9 F HERCE B G 7 0
TIIH R, % A0 AT R A R RS

DAL R A 7 FLTE IR 1 DL N AR K S/ N
YipGEL, WERERGRN NI LRI E L H &
LRGN, DT AT LS8 28 5K 5300 T (3 5 1 184
YA T L BRI, AHARR B A H I £ .
LPS H8CT v bl b % w4 A R o L il 75 I .,
i 2 . HRP 205 145 P B3l aE kAR
PRI FH 5, ARBFSE R, bR 35 248 LPS 5|
LAY PN R AT B 20T HRP B e I 2.3 4%, LU
ST R BN T N EEER T R A P R A 3 i
PERE I AR B T & AR ML B BRI

NO EZ 5 EREM E LA T, LIAEMSIE
W, FEfEEAE B E TP N iR B NO S 5 HE
Wbl Sy B IREE MR, MRl A b A S
fitt (nNOS) F1 iNOS 1A= BRAF B F 18 % > i ik, 1
BN (= e RN U EZ25C 9181 8 S YA T e YN fepm A
JNE, AERR I A RS, AL U 20 B AR B 47 ) ot
INHREE O LET o ORI M e
PERIE I INOS KEeik, —Jy Il o 5 b (4 AE
FHfERE = = AR08 (ROS F=A 2 55— 7 T i
B PR sl AT &I, AF LPS P 40
eNOS 2235787, 33 mmol/L 14 & 8 7] LLff eNOS 32



144 -

e T 2R E 2 2013 4E 3 45 25 %45 3 Chin Crit Care Med, March 2013, Vol.25,No.3

SREEE H W A8 /0 L eNOS T PRS2 AR Bk — F ik
K2R (ADMA) N IR NOS #1515 0944, DDAH2
S HK R, B E ADMA & 81 GG . b
B R0 B L AE LPS 3%~ DDAH2 & d Ik,
HIt eNOS ik /D>, A WFFEIESE, DDAH/ADMA
L Racl {5530 8 15 il I P R 200 B o B ) ' 2%
HERE, ELARMLHI AT BE R : DADMA ffieNOS HEFHEX
— T eNOS F=AE ) NO J8/>, 55 —J7 i ROS
A A A BB (RNS) Fe AR £ = W s i
152 5 M 5 ) A e
AHEFE R, LIPS HIE A K 4 A 355 o e e
NO 7K WA R ER & T, iNOS Feah T s bl
KRR X —ARfk . S IK INOS 2 A NO 25
ML N B2 A D REAS 4212, R Bk = 7 i - DiNOS
5 eNOS ze 5 PU S APy uEns (BH4 ) — A LA G U
JEY) . @iNOS FI 5| E AL FER T , i DDAH2 7%
PEREAS, UL, ADMA ZKF-TH X% eNOS 7= A i
@INOS 5 /R B R FE B4 eNOS B, # iNOS
WO, WIIEIESE, ADMA X NOS #l RCR A7
2251, eNOS TERFD 5P N BIVAT e A 1 v 21 90 v
KEEARAE, T ANOS TR 7EE/ N ZEHOR AR
A v B2 5K AR 4L, BT L ADMA XJ NOS ()
NHIBCER eNOS & T INOSPY, I, AR I A LPS
BT INOS ik K NO 7K-FEFH 5, eNOS K DDAH2
FIRWD s B IR AN AR A
25 bR, EoRE AT LPS LT S 2 9 Rz 4
Jl F—actin HHE S AL L2 B F LI K 6 Ko
B PERIN,NO ZERE I RGEAEH T e sh S
ST LPS A5 ] 5 I Y RS AR, R AL
NO TERFIIIAH . 45 R Gean B Al oA B 00 218 A8
b5 BT LPS 51 1% R G0 S A P 3 e, N
211 ORPTIEi=E 6 s iy = FNE= W11 )i UK = 2 <3 | R e
FHE, (A0 R A5 IR, DL R AN i 1 L AR
B RN, SRR P B 4 2
WIBEMERIN, 2520 SE ROV AR S b 3
M Ao X NO RGEHEA TR T A7 A] REIRE 240
EWRA
S 2 3Lk
[1] Nareika A, Im Y B, Game BA, et al. High glucose enhances
CDh14 U937
mononuclear cells by increasing nuclear factor kappaB and AP-1
activities. ] Endocrinol , 2008, 196 :45-55.
[2] Maldonado A,He L, Game BA, et al. Pre—exposure to high glucose

augments lipopolysaccharide—stimulated matrix metalloproteinase—1

lipopolysaccharide—stimulated expression  in

expression by human U937 histiocytes. J Periodontal Res,2004,
39:415-423.
[3] Nareika A, Maldonado A, He L, et al. High glucose—boosted

(8]

[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

inflammatory responses to lipopolysaccharide are suppressed by
statin. J Periodontal Res,2007,42:31-38.

Sherry CL, O'Connor JC, Kramer JM,
lipopolysaccharide—induced TNF-alpha production by peritoneal

et al. Augmented

macrophages in type 2 diabetic mice is dependent on elevated
glucose and requires p38 MAPK. J Immunol 2007, 178 : 663-670.
Noda A, Kinoshita K, Sakurai A, et al. Hyperglycemia and
lipopolysaccharide decrease depression effect of interleukin 8
production by hypothermia: an experimental study with endothelial
cells. Intensive Care Med,2008,34:109-115.

de Souza LF, Barreto F, da Silva EG, et al. Regulation of LPS
stimulated ROS  production in peritoneal macrophages from
alloxan—induced diabetic rats: involvement of high glucose and
PPARgamma. Life Sei,2007,81:153-159.

Vu DM, Yokoyama TA, Sawada K, et al. Enhancement of
permeability in endothelial cells for the development of an
antithrombogenic  bioartificial Biotechnol
2008,101: 634-641.

BARREELM, BIRAR. RN 20555 PN Bz 4t e i M
S B PR o [ A SRR, 2012, 24 278-282.
Hirase T, Staddon JM, Saitou M, et al. Occludin as a possible
determinant of tight junction permeability in endothelial cells.
J Cell Sei, 1997,110:1603-1613.

Yuan SY.Signal transduction pathways in enhanced microvascular
permeability. Microcirculation, 2000, 7 : 395-403.

Kevil CG, Oshima T, Alexander JS. The role of p38 MAP kinase in
endothelial

hemofilter. Bioeng,

hydrogen peroxide mediated solute  permeability.
Endothelium,2001,8:107-116.
BT, VI, X, 25 MR R AE A 5 — o X I 47 P i A0 3
B KA M AR B R Y AR AR R A L e
P 2B, 2009, 21 : 160-163.
ST, IR MRERAE 05 P B AR I 005 5 TG R D) e R T
o [ i R R E 2, 201,23 125-128.
Bojunga J, Dresar—Mayert B, Usadel KH, et al. Antioxidative
treatment reverses imbalances of nitric oxide synthase isoform
expression and attenuates tissue—cGMP activation in diabetic rats.
Biochem Biophys Res Commun,2004,316: 771-780.
Pober JS, Sessa WC. Evolving functions of endothelial cells in
inflammation. Nat Rev Immunol, 2007,7:803-815.
Baumgarten G, Knuefermann P, Schuhmacher G,et al. Toll-like
receptor 4, nitric oxide, and myocardial depression in endotoxemia.
Shock, 2006,25:43-49.
Wojciak—Stothard B, Torondel B, Zhao L, et al. Modulation of
Racl activity by ADMA / DDAH regulates pulmonary endothelial
barrier function. Mol Biol Cell,2009,20:33-42.
Sud N, Wells SM, Sharma S, et al. Asymmetric dimethylarginine
inhibits HSP90 activity in pulmonary arterial endothelial cells: role
of mitochondrial dysfunction. Am J Physiol Cell Physiol,2008,
294: C1407-1418.
Sharma S, Smith A, Kumar S,et al. Mechanisms of nitric oxide
synthase uncoupling in endotoxin—induced acute lung injury: role
of asymmetric dimethylarginine. Vascul Pharmacol, 2010, 52:
182-190.
Shelkovnikov S, Gonick HC. Peroxynitrite but not nitric oxide
donors destroys epinephrine: HPLC measurement and rat aorta
contractility. Life Sci,2004,75:2765-2773.
Ulker S, Cinar MG, Can C, et al. Endotoxin—induced vascular
hyporesponsiveness in rat aorta: in vitro effect of aminoguanidine.
Pharmacol Res,2001,44: 22-27.
Wang QH, Liu YJ, Liu J, et al. Plasmodium yoelii: assessment of
production and role of nitric oxide during the early stages of
infection in susceptible and resistant mice. Exp Parasitol,
2009,121:268-273.

(Ui H#9:2012-07-11)

(RSCHE - )



