55178 5 0 B RIUH & Vol.17 No9
20154E9 A Chin J Contemp Pediatr Sep. 2015

doi: 10.7499/j.issn.1008-8830.2015.09.023

WH - LRI

eNOS fil NADPH A ALl fEP2PE 5 A 5 0F T
F B AL Z P 338 O R A ESE

2@% s G5

(W KFWEILE ERSFEA, Hx M 310003)

[(#WE] HM % eNOS Fl NADPH S LEG/EIE B A SE N /ANRIH S R e R, ik IG5
AT eNOS FEREBRY C57TBL/6 HEME/INRAS 30 HBEAL A i 2] . IR 7 d 4. (R4 21 d 4. BT 7 d 40
BIT 21 d 4, BAEA/NE 6 R REFNAI P4/ NRTE 10% 8B & F T TR TR, IIr 4/ ok bin A
10 mmol/L 4- ¥£3E -2, 2, 6, 6- PUFHELNRIE (TEMPOL ) #7944/ Rl NIKE Y (MT% ) KA7 0=
NEJEHEPRAY A5 1L s ELISA Al &A1 28 ROS W EEI 221k ; RT-PCR LKA L4124 NOX2., 4 )z eNOS 2
HFR A L, SR PR A R I PR e SR ATC U2 /DN RO I 785 2 98 A O = I SRS b i B L RR YT 34 I i
Ft (P<0.05) , MHAITALRIE RALR] i 22 7 Bg 4 X (P>0.05) o BPAAMILA SIRIT 4L/ R412: ROS
W YIETH A4 (P<0.05) , AR LLRA Y7 ALtk 2 5 TE 424 L (P>0.05) o B RUR A AL/ B
eNOS, NOX2 Il NOX4 () mRNA Fik# A W3 T (P<0.05) , TEMPOL FHinl i35 ik brir)d E R
ik SEPH R E AN B NOX2 Fl NOX4 mRNA Feih i@ TRIAE RN (P<0.05) 5 18HE6%US NOX4 mRNA
TR ARG FE L (P>0.05) , NOX2 mRNA 2855500 S 41 B T (P<0.05) 5 14741 NOX2
mRNA FIRBAEA I — LTI, 17 NOX4 mRNA FRAEUAAIH R FF (P<0.05) o £ eNOS AR
T NOX2, 4 FEAEEEENE, eNOS I NOX 7E(REMEM L4 I RE b o] fef B E MK R
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Relationship between expression of endothelial nitric oxide synthase and NADPH
oxidase in lungs of mice exposed to chronic hypoxia

WU Xi-Ling, DU Li-Zhong, XU Xue-Feng. Department of Respiratory Disease, Children's Hospital of Zhejiang
University School of Medicine, Hangzhou 310003, China (Du L-Z, Email: dulizhong@zju.edu.cn)

Abstract: Objective  To explore the relationship between the expression of endothelial nitric oxide synthase
(eNOS) and NADPH oxidase (NOX) in the lungs of mice treated by chronic hypoxic exposure. Methods  Thirty
male wild-type (WT) C57B1/6 mice and thirty male eNOS-knockout (KO) C57BL/6 mice were randomly divided into
normoxic groups (exposed to normoxia for 7 days or 21 days), hypoxic groups (exposed to 10% oxygen for 7 days or 21
days), and treatment groups (exposed to 10% oxygen and orally administrated 10 mmol/L 4-hydroxy TEMPO in drinking
water for 7 days or 21 days) (n=6 in each group). The remodeling of the small pulmonary arteries was evaluated by the
percentage of media wall thickness (MT%). The weight ratio of right ventricle to left ventricle plus septum (RV/[LV+S])
was calculated to evaluate the hypertrophy of right ventricle. Real-time PCR was used to measure the mRNA expression
of NOX2, NOX4, and eNOS in mouse lungs. ELISA was used to determine the concentration of reactive oxygen species
(ROS) in mouse lungs. Results In WT mice and KO mice, the hypoxic groups had significantly increased pulmonary
vascular remodeling and RV/[LV+S] compared with the normoxic and treatment groups (P<0.05), but there were no
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significant differences between the normoxic and treatment groups (P>0.05). In WT mice, the hypoxic and treatment
groups had significantly lower ROS concentrations than the normoxic group (P£<0.05), but there were no significant
differences between the hypoxic and treatment groups (P>0.05). In WT mice, the mRNA expression of eNOS, NOX2,
and NOX4 was significantly higher in the hypoxic group than in the normoxic group (P<0.05), and 4-hydroxy TEMPO
reversed their over-expression. In the normoxic group, the KO mice had significantly higher NOX2 and NOX4 mRNA
expression than the WT mice (P<0.05); in KO mice, the hypoxic group showed no significant changes in NOX4 mRNA
expression (P>0.05), but had significantly reduced NOX2 mRNA expression (P<0.05), as compared with the normoxic
group; the treatment group had reduced expression of NOX2 mRNA expression and increased NOX4 mRNA expression
(P<0.05), as compared with the hypoxic group. Conclusions eNOS plays a key role in the regulation of expression of
NOX2 and NOX4 in the lungs exposed to hypoxia. It suggests that NOX and eNOS may physically interact with one
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another in pulmonary vascular remodeling induced by chronic hypoxia.

[Chin J Contemp Pediatr, 2015, 17(9): 1001-1006]
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i P Sl A5 | S I I i A S 4 R i A R 0 il
Sk e i FEELRERILAY, sl bk e A% B Rn 4
PR TER JUR A A o6 12 AR AR ML AL 4R Ak
MICIRAS, WEPEEFE (reactive oxygen species, ROS )
KA, WFFE R ROS AR S il 48 e 4 %
FIRNEE LG50 SRR AT A=
B ROS, ELHE N B2 AIME . 1 LA K2 &1 i 4 i
S R e R IR RS R R B R (nicotinamide-
adenine dinucleotide phosphate, NADPH ) AT, T
Fx NADPH 44k ( NADPH oxidase, NOX ) & Ifi. 4
P ROS A i e SE 2 A, o 2k Ry o 8 1Y) AUk
Ztiw DO AR RAEE AN NOX BURFFESZ I AR,
TEA R R0 K B — R 51 NOX HEAL 5L,
HAT\ I ES S T 2Mpmi AR, LSs" k&
B NOX4 FEAR AUt sl ok e e o it 3 1 o
BIMER . ZWEER Y] NOX2 Fl NOX4 25 Tk
SR i a5 A e

N Bz il — A 4L B & B (endothelial nitric oxide
synthase, eNOS ) 110] 25 ROS WAL, 7FE LN
WOIREST, eNOS Thfg 8L, ALYk
ROS 9E NO, i H ROS FIFEAIE NO HAE#i
AT ] A Rz B a8 52 10, Dikalova 45" & 31
eNOS F1 NOX Z [A]47 3 2 /Y KK, NOX {f b5
£ ROS By 3 B A B, ROS 1l #1il eNOS 4 & NO
M2 2k B Z2 ik S A B 1, AT eNOS il
NOX Z [MAEAE A il 29 % & . BT eNOS 7E
AN B ik s e R s NOX R /R,
HOZMRP NO B Z 1550 T NOX ik & ROS 19751k
i TCHF 5T

4- F2Hk -2, 2, 6, 6- POHIEIRIE (TEMPOL ) J2&
— o R 3 R AR AR ) B, AT DL L R

BILAAR P ) 36 2 ST R 0 28 e AT i 3 ok v P 12
AT A I E X —5EE, W5 TR AR eNOS
B R /N BRZE A P kA 45 4 R S TEMPOL T
Jii NOX2 1 NOX4 mRNA 35 KX fifi 41 21 ROS ¥ &
ARk

1 MBSAEE®

1.1 KWz Ko 4HE

TH T AR R AR M CSTBLYG /N B 7
KEFBEEBEE I TRy, eNOS JE PR ol i i R Al A e
P C57BL/6 /N FRW H 35 [ Jackson LI = (4 5
002684 ) . FEHEER/INR LI RTHET T ZER 55 E
PR/ R A BREE 30 K, (KT 18~22 ¢, BlHLAT I
S, HHEMNRSH, (1) WHRA: K
BCAFE CSTBL/6 /N ERE T A AT 1T 19 % B4 PL 8%
AR, 4EF RO, 7E 21% £ 47, 21d 5 AbBE.
(2) MRS ¥ al4E C57BL6 /D BLUE T Fio, A
10% A4 % B A DL AR h i 32 7d (iK% 7 d
M) 21d (RE21d4]) Jakbst. (3) R +
RIT A AR C5TBL/6 /0 BLTE FiO, i 10 % 2 44
() 2 B A HLBE B8 4 i 3%, 7 AR K oA
TEMPOL (10 mmol/L.) F i 7d (JG¥7 7d 4l) 1
21d (JA¥7 21d 4l) JeabgE, TR B RRAR N
IR EE 25~27°C, 1B JF 50%~70%, 43 3 d IFFEF /)
BFREHK . B kL,
1.2 AR BRAOEREIERNE

FA/NFUR AR SES , B2, A B
K IEAT I S K HEDE , BB R, S AN
HTWAT, -80°CIRfr, T Im7ZO0E R H
REWHER Y (RT-PCR) & Al 4% 2%
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e (HE) Jefo, 5200 5 FE s B R A, oy
MR A OERE, S BIFREALDE(RY) .
A0E (LV) FMEEE (S) WER, 2580
RV/ (LV+S) R,
1.3 SEALERNMmnEER

A AL LFR A SMA FUilfeistrid s, B
FH Tmage Pro Plus X fili 20 2101 - H Py 5L 7 238 B
SEHLZ S TR AN H B AR 7E 80~120 pm
22 [) P ity 48 70N 2 Jok RO I B R A s S A R A 7 0
FH LA H B J52 B 56 e LA 1) FR A MT % DA I
EEMEN ., S H/NREE3 kY A, Ak R
BEALZEI 3~5 NIRRT, ARSI ERE 3~5 NI .
1.4 Fh4H2 ROS iREHINE

BUHZ 0.1 g, VL 1:20 (FEEEHL) &
FEBIAPKA 4 0.1 mol/L B RREP 2% whi (pH 7.4 )
FHBEEE 513K 2R TE 0~4°C T AT W, B2 3
TE 4°C T LL 1000 g B0 10 min J5 B ETH WG A
1 mmol/L. DCFH-DA, R%], & TR+ 37°CiR
1 30 min, LA 485 nm P AL, T 53 nm I
KAbPZE N (OD) fA.
1.5 RT-PCR # il NOX2, NOX4 % eNOS #J
mRNA &%

K AXYPrep & RNA /)2 il 25 380500 6 4 42
I ZH 208 RNA, I 5 AR WA vl R e Sl ) i
%R cDNA, SIWFSRITILER 1. HPOtE i
PCR #& Il NOX2., 4 F1 eNOS Y mRNA & ik &,
PCR X W& % : CDNA Bit 2 pL, L FUFsI 94
0.5 uL, SYBR Premix Ex TaqTM II 12.5 pL, ddH,0
A ERFLZ 25 ul, PCR R 45 4: 94 °C i 28
10 s; 94°CAEM: 155, 60°CiIB K 50 s, FE 40 MIFIH,

&1 5l¥FoEt

Hig 7 A R B E
I 1 ]
P SIH1F3 (5 — 3') 0)
eNOS  _['¥i# : GGCAAGACAGACTACACGAC 275

R : ATCGCCGCAGACAAACAT
NOX2 [Fi#: AAGGTATCCAAGTTAGAATGGCACA 185
"N : CCAAAGGGTCCATCAACTGCT

NOX4 [l : ATTTGGATAGGCTCCAGGCAAAC 155
T : CACATGGGTATAAGCTTTGTGAGCA
B-actin _E¥j# : TGACAGGATGCAGAAGGAGA 131

T : GCTGGAAGGTGGACAGTGAG

TEARTECME, VIRRIEZIG AL AT PCR =4
ffE ., HEFEAR H AY S mRNA B9 &K & L A Ct
Fon, AC=Ct (HWER) - Gt (NSEK ) ,
A CtiN, 1ZFEAR B B3R mRNA (A ik
1.6 HITFESH

K SPSS 16.0 SeiH AR -1 T 48122 4
M, THEERER S « AR (R+s) TR,
Z 4 (8] L R I R 3R 7 22 00, AHL BTG 7 LL 4%
K SNK-q K, P<0.05 HEFAGHFm X,

2 #R

21 BAMMBETLEREAOEREERHTN

2 2H B A HUINRL MT% iR 2% BB gt
X (F=15.16, P<0.01) ; H K5 21d 4l MT%

(249+4.0) W& THEL (143+1.3) FARYT
21d 4 (232+4.6) (P<0.05) ; W &HMGIT
21 d AL ZERTCGRITFEE L (P>0.05) o #4415
R R/ INER MT% LA 25 5 Geit2# a8 L (F=9.41,
P<0.01) ; H P LA 21 d 4 MT % (233+4.4)
BEETHAN (154£20) MBEIF21d4

(226+3.6) (P<0.05) ; HAEAIAIRIF 21d4H
AR Ies i FE X (P>0.05) o WWE 1,

A B A BN RV (LVAS) FUfE Heds 22 55
HEitFE L (F=29.14, P<0.01) ; A4 214d
ZH RV/ (LV+S) HfH (0.353+0.036) W& T4
A4 (0.246 £0.026 ) FNGYT 21 d4H (0.267 +0.038)

(P<0.01) 5 HELAFAIT 21 d QAR IS
R (P>0.05) o S4B REBR/IMR RV/ (LV4S)
Fef b E A g2 E L (F=16.42, P<0.01) ,
HAP R4 21 d 41 RV/ (LV+S) HfH (0379 +0.039)
T (0,233 £0.022) FIIAYY 21 d4H (0.302 +
0.033) (P<0.01) ; HEAAFIARIT 21d A b=
SRIG I FE X (P>0.05) . WK 2,

2.2 &AMMALR ROS REHIH

Y A= AN BRL A 2HL I 41 40 ROS 1Y ¥R B L 4 22
A Gt E X (F=424, P<0.01) ; H ik
A 21d4 (264+97u) FAEITF 21 d 41 ROS ¥ J&

(201 +106u) SH A4 (1000+290u) Y
W1 FFE (P<0.01) , JAI721dH5RA 21d 4
ROS W JE LI 22 R LG 2# 2 L (P>0.05) . 3
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PRl B /N B 4804 ROS MU E (688 £262u) 5
[ ZH B A AU/ NER e i 3 I (P<0.05) o &R

S/ BRAS L 20 ROS YR i 2 S S TF =
Y (F=3.05, P=0.077) . UL 3.

WP AT/ N B

S PR R N R

Q@B TR A R s i U AR AN

2.3 HARAL NOX2, NOX4 1 eNOS mRNA
HIRIE
B A= RN L4 4 NOX2 mRNA B3R358 2% 5
GiiteEm L (P<0.01) , HA AL NOX2 mRNA
12 I8 K B T A4l (P<0.01) 5 IRYT
7 d 26 NOX2 mRNA i 2 K K F K TARE 7d 4
(P<0.01) . BPAERUNRASA NOX4 mRNA YR IA
EREGEE L (P<0.01) , Ho KA NOX4
mRNA 19 kK5 T8 A4l (P<0.01) 5 (YT
7 d HFNEYT 21 d 41 NOX4 mRNA 1235 7KF-43 5
I FRE 7 d HAMRA 21 d 4 (P<0.05) . B4
RI/INRA4H eNOS mRNA BYFRIAZE A Giil2fm X
(P<0.01) , HAKEL eNOS mRNA )ik K-
TRl (P<0.01) 5 RY7 7d 41 eNOS mRNA
MR TR TR 7d 4 (P<0.01) o W32,
JE ] 4 /D B 4% 2H NOX2 mRNA fif) 36 ik 22
SR G E L (P<0.01) , Hr A 41 NOX2
mRNA R 3K 7K 1 2 155 T 4 2 ) 20 37 A 78 /)
B (P<0.01) ; 697 21 d 41 NOX2 mRNA 1) 3% ik
IKFAR FARA 21 d 41 (P<0.05) o &R 5 /0N B
%41 NOX4 mRNA [ kK22 7 A Gt =as L
(P<0.05) , HAFH A4 NOX4 mRNA kK-
F R T BRI (P<0.05) 5 3R97 7 d A

K& 21 d 4
E1 BHEBNERB/NREERETEMNEEEER (o-SMA gk, x400)

VBIT 21 d 4
FREJAAFIR 0-SMA

VAYT 21 d 41 NOX4 mRNA 193235 7K 43 5 A I 4R
7 d HARE 21 d 1583 BT (P<0.05) o W2,

057 Bl

B A 21441
b m tyy2rag

RV/LV+S

P

e[ w8
2 HAZMEERKR/NRRERGTEGOER

BT RV A0 LV: 0% S EEFE; an
RN EAL LB, P<0.01, bR SHEFVNRARSE 21 d 41104,
P<0.01,

1400 = :T;ﬁgﬂ )
| W R 7441

il 1200 b B f4 21 d 41
w1000 7 By 7a4l
?[i 2 800 W AT 21441
LS 600 4
g 400 a g a

200 A

0
Lgeceir] FE A Tl 1Y

E3 HAEBRMEERBR/MRBEREBTEMALR
ROS IREHIZN  amSRVNREELILE, P<0.01, bx
5[] B A RN LA, P<0.05.
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xR 2 KIINAFHALZL NOX2, NOX4 #1 eNOS mRNA HIFRIE  (n=6, x=s)
-~ HF A=A/ NER eNOS Jt P mi /N R
NOX2 NOX4 eNOS NOX2 NOX4

B AU 16.31 £ 1.04 10.00 = 0.35 9.12+1.02 13.40 = 0.60" 9.40 + 0.46"
R 7d 4l 14.25 +0.82" 9.23+0.17" 8.34 + 0.36" 14.26 = 0.50° 9.77 £ 0.43
R 21d 41 13.40 + 0.59° 8.45+0.47 7.23+0.25 14.50 + 0.47" 9.59 + 0.45
R 7Td4 16.35+0.81" 9.93 + 0.44" 9.23+0.61" 14.40 + 1.06 9.23 +0.96"
BIT 21 d A 12.69 + 0.65 9.23 +0.55° 7.58 +0.69 15.85 £ 0.78° 8.68 +0.31°

F1{H 26.67 14.16 11.52 7.25 3.52

P{H <0.01 <0.01 <0.01 <0.01 0.02

T a s SFEFVNRRRLALILE, P<0.01; b s S FVNRITE 7 d 4ILE, P<0.055 ¢ m SIRFVNRARSA 21 d 41104, P<0.055 d7R

5[] 2] B AR RN LA, P<0.05,

AR S0 v 25 B % B A R eNOS JE A i B
/N RN dfe 4 AT S S0 I A R O R A D = IR
TEMPOL 8 A] #4310 % [ iR el 28, NOX 2 fif Il
HROS B F BRI, Lin 2 R I NOX2 2 it
ok A /)N BB A O 11 A B 91 O B A /N RS
Mittal 5 " %% 3 NOX 25 FH Z %+ NOX4 78 /)N B
WA FRIR R R . /DRI MBS IFZH 2 NOX4
mRNA FEE [ 1) 2 35 Bl 25 e S0 ) () 19 48 K 7% A T
o, 5 B A A R R R — B
NOX4 75 N fiti sy ok F- ¥ WLAR i o 73z ik, filish
Jik 25 T R 2 i 4 20 NOX4 35 R K 2K F 268 0 i v
FIEH B, ORMAS 2 R — 30, ARSLH s
S v B Gt AR R 5 S B 4R RN BB ZH 20 NOX2 Al
NOX4 mRNA (13 BE 3R 35,  HBE G S ] (4 S8 4
BAYEIN, BN SRS DL — B TR R SR
Ao NX—BRMF, AN ROS B iZ P i
B, RS FEEA PR ROS W 5 #8421
H1) ROS & i A —2, I DA it 41 28 ROS
() i B THA R TR —EA R, AR
25 5 e I A AN BRI U il 2H 20 ROS 1) 7 i
e, X5 NOX MRiBBHBMR . X FXAx &1
R RATA N E S NOX LR %3k F IR NOX
W ETHEA—2G HIR, NOX U ROS 1 &
BRIz —; AN, ROS By EAILH ROS B4
B G, IAE ISR EYIAEC. BT IA N
NOX Fll eNOS Z [H] 5 & B VIR K, NOX K iEHY
ROS £: 53 NOS “uncoupling” , fdif5 Gtk s
Sanchez %5 " HiiE T NOX #9353k, 2300 eNOS

(G, FRARIMAS TR o AHIFSE B IRWFSEAE NO Bl
ZIEOLF BB SAME T NOX Fil ROS 1481k, 78
FED R /N B, T4 40 NOX2 mRNA (53K
B3 THPA A, NOX4 mRNA BYFIE0% & T B A=
RUNE; MliZHZ ROS Bk BE b B AR AL /NERAG . F&
IIHEMIAEAR Y eNOS SRR NO BRZ 150, 7R
NO 2 NOX [ ROS Z[a] i F- g dn, #EM] eNOS
XF NOX [k — & WP IAE T o 35 R Rk /N B
BEUS NOX2 mRNA 923K I NOX4 mRNA
Jiti ] ROS Ay v B2 Jo 2 28 4k, BRI eNOS A fE 2
NOX K G NOX2 HH Rk EEHEHR R, 1L
B Z 8] 1) R IR A AN R AL, T L,
XTI g/ N, NOX2 TEH S KB it e v
)T E B MR, IS A I AR T R
i H AR AR SR

F5E 3 B ROS 2 {15 S0 il 1t 485 Wi 4 T =2 98
) EHEE S, TEARECRI, B i A
(R IR BT ()R 1R 40 T+ Vietor 25 1) % PR {48,
0 5 DAL o /D BsU /0N i 5 LA R 2 B f /> 1 A
BN FRATIN A IX — B 28 Fl NOX2, 4 1y ik
WA %, SCHRFEH] TEMPOL A A 4102 1Y ROS
IR RS, TEREVEREACI S KR 1. ANBRST 45 R &
L TEMPOL B T3 B A 3 BE AR i) ROS, i8]
PLFEAE NOX2 Fl NOX4 iy Rk, X AMEHTE
B R L 920 45 5 L I eNOS 1942 1k A
NOX (AR FEAH—5, B P 2 A 8 2 A
Tl 25, XFF 3 AR /N B, TEMPOL 1= i A] B
K RV/ (LV+S) MY LA, 3X 1 Hodye 45 P fF 58 /)N
LSRG o EFRYIHLS] M ARTE

ARBEFEIN AR SR SEAE T /N U 4L 21 eNOS F11
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NOX2, 4 fFENFIEZ A H HEARER, eNOS
X NOX 1Y ZRIAA TP TAEN . B TASERAL
FESE PRI T R0, ST RL B TR A B
FIR NS L Rt — 2T

Bt
Bt it K3 W B ILE EIR AAH 230 £ AL
AT NTR AT AR E R0 A B

(& % x W]
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