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Hyperbaric oxygen downregulates hypoxia—inducible factor-1a and inhibits

venous neointimal hyperplasia of arteriovenous fistula:an experimental study
Wang Hanchen ,Li Zhui,Li Xiangjie , Zhang Mao
(Department of Vascular Surgery,The First Affilitated Hospital of Chongqing Medeical University)
[ Abstract)Objective . To investigate the effect of hyperbaric oxygen(HBO) on venous neointimal hyperplasia(VNH) of arteriovenous
fistula(AVF). Methods : A total of 36 healthy New Zealand rabbits were randomly divided into sham-operation+renal failure group
(sham—-operation group ), renal failure+AVF+HBO intervention group (experimental group),and renal failure+AVF group (control
group) ,with 12 rabbits in each group. A model of chronic renal failure was established by adenine induction;the rabbits in the experi—
mental group and the control group were used to establish a model of AVF,and those in the experimental group were given HBO
therapy. Four rabbits were selected from each group on days 7,14,and 28 of HBO intervention,and the vessels of the vein with AVF
were collected. HE staining was performed to evaluate intimal thickness,and immunohistochemistry and Western blot were used to
measure the expression of hypoxia—inducible factor—la(HIF-1a),vascular endothelial growth factor(VEGF) ,and matrix metallopro—
teinase—2 (MMP-2). Results.On day 28, VNH was not observed in the sham—operation group,and the mean thickness of VNH was
0.200 5 £0.034 0 mm in the experimental group and 0.351 4 £ 0.062 0 mm in the control group;there was a significant difference in
the thickness of VNH between the three groups. On day 28, there was a significant difference in HIF-1ao MOD between the sham—op—

eration group,the control group,and the experimental group
(0.003 1 +0.000 8 vs. 0.201 6 +0.046 1 vs. 0.099 1 +0.027 6,
P<0.05). On day 28, VEGF MOD was 0.008 3 +0.001 9 in the
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a significant difference in VEGF MOD between the three groups(P<0.05). On day 28, MMP-2 MOD was 0.005 1 +0.014 6 in the
sham—operation group,0.238 4 +0.090 3 in the control group,and 0.109 0 +0.041 5 in the experimental group,and there was a sig—
nificant difference in MMP-2 MOD between the three groups(P<0.05). On day 28, the expression level of HIF-1a was 0.114 9 £0.010 2
in the sham-operation group,0.193 7 £0.016 6 in the control group,and 0.151 0 £ 0.018 5 in the experimental group,and there was
a significant difference in the expression level of HIF-1a between the three groups(P<0.05). On day 28, the expression level of VEGF
was 0.093 7+0.011 6 in the sham—operation group,0.214 3 +0.052 6 in the control group,and 0.238 6 +0.008 3 in the experimental
group,and there was a significant difference in the expression level of VEGF between the three groups(P<0.05). On day 28,
the expression level of MMP-2 was 0.121 6 +0.010 4 in the sham—-operation group,0.229 5 +0.026 O in the control group,and
0.175 5+£0.011 8 in the experimental group,and there was a significant difference in MMP-2 MOD between the three groups(P<

0.05). Conclusion:HBO therapy can downregulate the expression of HIF-1a, VEGF,and MMP-2 in AVF tissue and significantly

inhibit VNH.
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(IPP6.0) UG A AT A 1A 710057 PN PR )
12,6 HpEHLUL YIRS KAL B E PR B H &
Eik . 3%H,0, 37 CHEF 15~20 min BELT P I3 28 Ak oy i
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A BRFARHA

R ( R
C. 2500

B. X 4]
3 28dEEkMEAEYIFRGE
F1 BAFEZRFIANBEEERRE(mm)

e 7d 14d 28d
BFARH 0010500014 0.0112+0.0011 0.0103+0.001 1

Xf HEZH 0.0510+0.0067 0.1922+0.0354 0.3514+0.0622
SEERA 0.0496+0.0011 0.108 1+0.0447 0.2006+0.034 1
F{E 607.533 301.956 697.398
PE 0.000 0.000 0.000

T LSD— ARSI, 7 d: A F AR vs X BEZH , P=0.000; 1B F- AR vs.
SEGAH L P=0.000; SEEGZH v X HREH , P=0.301 ;514 d: R F AR vs X HE
20, P=0.000; 8 T R 2H vs. 52365 2H , P=0.000; 525 2H vs. %) B 41,
P=0.000;28 d: {5 TR vs. % BEZH , P=0.000; % T AR 4H vs. SEH2H
P=0.000; SZI04 vs X BRZH, P=0.000

23 HFRALBAFLERE

23.1 HIF-la Mg b 255 28 d B HIF-1a P52
ARZE RN 4 7R 3 2 AN 252 HIF-1o0 23k K F 1)
MOD 55, 28 d [T ARZH HIF-1a MOD 4 0.003 1 +0.000 8,
HABZH HIF-1a MOD 7 0.201 6 + 0.046 1, 52864 HIF-1a
MODJ 0.099 1 +0.027 6,7 .14 & 28 d i fRT-ALH *tlELH
S HIF-1a MOD 2553 B Geit 242 X (3 P<0.05),
2 5 BAREI RS040 HIF-1a MOD B BAKF5%H B4 (LSD~
He#s, P<0.05) .

A BFARAH

A BFARH

*2 &4HHF-1o« MOD

Vaxzi! 74d 14d 28d

BFARL  0.0032+0.0008 0.0032+0.0009 0.0031=0.0008

X HEZH 02423 +0.0586 0.2176+0.0523 0.201 6 +£0.046 1
SR ZH 0.1530+0.0420 0.1290+0.0372 0.099 1 +0.027 6
F1E 84.338 83.727 102.296
PAE 0.000 0.000 0.000

B. X182
B4 RS 28dHIF-10 RidkFREANLER

B. X HEZH

T LSD—1 FEARAE I 7 d AT AL vs KRR, P=0.000; T AR vs.
SEHGAH , P=0.000; 523620 vs. X R4, P=0.000; 14 d : T R4 vs 5 IR
2H, P=0.000; % T R4 vs. 5285 2H , P=0.000; 525 2H vs. % FR2H ,
P=0.000328 d: 5% TR vs. Xf BEZH , P=0.000; I T AR 4H vs. 52865 2H ,
P=0.000; 525040 vs X BRZH , P=0.000

232 VEGF Myfesedifbghf 28 d B VEGF B 411k
ZEULNE 5 iR, £ 3 ARIFIHE 44 VEGE F ik K6
MOD Z55 . 28 d TF- R4 VEGF MOD 4 0.008 3 +0.001 9,
X IRZH VEGF MOD 2l 0.214 3 +0.052 6, S2464H VEGF MOD
}90.0.105 1£0.040 6, 7,14 J 28 d i} BFARLL XFHRLH
SEHYZH VEGF MOD 225 BA S H2 L(H P<0.05), 255+
PRFEI ] SL6G2H VEGF MOD A A% X R 2H (LSD - H#%,
P<0.05),
%3 %% VEGF MOD

il 7d 14d 28d
BFEARL  0.0087+0.0032 0.0095+0.0026 0.0083+0.0019
i HEZH 0.260 6+0.0652 0.2187+0.0892 0.2143 +0.052 6
SEHZH 0.1595+0.0517 0.1341+0.0384 0.105 1 +0.040 6
FAH 69.381 35.153 72.022
PH 0.000 0.000 0.000

VELSD—t FLHR g I .7 dARTFAR L vs. X BEAL, P=0.000; {5 F- R4 vs.
SEHGA , P=0.000; 523620 vs. XF IR, P=0.000; 14 d AR TF- AR vs. 5} 18
2, P=0.000; 1% T AR 2H vs. 5256 2 , P=0.000; S 56 40 vs. XF HE2H |
P=0.000;28 d: R TF AR vs. X IEL , P=0.000; R F R4 vs. LW 2H ,
P=0.000; 52820 vs X HRZH , P=0.000

C. SE52H

%5 ARfE28dH VEGF RiXKFEREBEALER
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233 MMP-2 (A5 28 d B MMP-2 A G4l
LA RN 6 iR, 3 4 AR ] 420 MMP-2 k7K
i MOD 4553, 28 d {5 F- A4 MMP-2 MOD 2y 0.005 1 +
0.014 6, X} 520 MMP-2 MOD & 0.238 4 = 0.090 3, SZ56 40
MMP-2 MOD 4 0.109 0+ 0.041 5, 7.14 }% 28 d i} R TFA
ZH X IRZH AN S 2H MMP-2 MOD 22 53 A Geit2# 2 X (1
P<0.05) , 25 HAR LS4 MMP-2 MOD HH R AIG T %) i
ZH (LSD—¢ A, P<0.05)

A BFAL

6 AR/F28d MMP-2 Rizx/KFRZBHNER

F 4 HKHMMP-2 MOD

Vax:| 7d 14d 28 d

BFAR4  0.0054+0.0013 0.0056+0.0013 0.0051+0.0146

Xf HEZH 0.2813+0.1066 0.2731+0.0831 0.2384+0.090 3
FBR L 0.1381+0.0565 0.1223+0.0482 0.1090+0.041 5
F1E 39.255 58.426 41.475
P 0.000 0.000 0.000

T LSD— FLAREE 7 d: AT AR vs. X HELL, P=0.000; 5 F- AL vs.
SEEGH L P=0.000; SE 52 vs X EZH, P=0.000; 14 d: BT AR vs X B
4, P=0.000; 18 T A 21 vs. SEH 2, P=0.000; 52 56 21 vs. % B4,
P=0.000;28 d: 2 F AR vs.XF BEAL, P=0.000; 5 F AR 4 vs. S04,
P=0.000; SZH4H vs 4 HRZH , P=0.000

2.4 Western blot &%

2.4.1 HIF-la i Western blot 25 % 28 d I} HIF-lae 119
Western blot Z55RUNE 7 fifk, 22 5 AARRIEFE4$4] HIF-1a
MIZRK T, 28 d IR TR HIF-1a 35K FH 0114 9 +
0.010 2, X820~ 0.193 7 £0.016 6, LK 2H "N 0.151 0 +
0.018 5.7 .14 % 28 d B BFARL XF IR A HA] HIF-1a
TR 22 5 B G238 3L (35 P<0.05) , 25 5 LAk
A SCH 4 HIF - 1o 1) 3238 7K - B R AKX R 41 (LSD— b
i, P<0.05),

RFARA Xof i 2H S

B 7 HIF-1 o 7 AVF RIEIRIE

*& 5 HIF-1 a B Western blot RixkF

Faxil 7d 14d 28d
BFARL 0.1104£0.0127 0.1124£0.1220 0.1149 £0.0102

XJHRZH 0.2309+0.0174 0.2067+0.0144 0.1937+£0.0166
S H 0.1612+0.0129 0.1657 +0.0080 0.1510+0.0185
FAE 19.165 41.216 28.735
P1{H 0.000 0.000 0.000

T LSD—r FLAEE I, 7 d AT AR vs X HELL, P=0.000; {2 F- AL vs.
S, P=0.000; 25020 vs XHEZH , P=0.000; 14 d: BT AR vs X 1
20, P=0.000; 5 F A 20 vs. LB 2H , P=0.000; 5256 41 vs. XF R 20,
P=0.000;28 d: 5 F- AL vs. X A, P=0.000; [ F- A4 vs. 525040 ,
P=0.000; 525540 vs X BZH , P=0.000

242 VEGF B Western blot Z55 28 d 5} VEGF FJ Western
blot Z55UNE 8 fiT7R, # 6 FR[ERFAI4-4] VEGF [3ik/K
T, 28 d HF AR VEGF Fik/KF-4 0.093 7+0.011 6, %F I
ZH4 0.238 6 +0.008 3, 52452H 4 0.171 8 £0.016 9, 7,14 J
28 d I BT AR TR A SR 24 VEGE FRak/KF 1) 25 57
BG4 (34 P<0.05) , 22 5 BARR I N LI 4 VEGF
PR 235 7T B TG T % R EH (LSD—r Eb#¢, P<0.05)

BETFARA DO SE R e

VEGF

““

B-actin

8 VEGF £ AVF HyRi%

% 6 VEGF #J Western blot &ix7kF

Vil 74d 14d 28 d
HFARE  0.0950+0.0105 0.0883+0.0093 0.0937+0.0116
Xif I 0.2290+0.0118 0.2539%0.0094 0.2386=0.008 3
SEHRZH 0.1680+0.0048 0.1906+0.0142 0.171 8+0.0169
F18 61.856 54325 43.661

PAE 0.000 0.000 0.000

T LSD—t FUAREE SR, 7 dARTFARL v XFIRAL, P=0.000; 5 F- A vs.
SERGAL, P=0.000; SEIR 4 vs. X HEAL, P=0.000; 14 d: I F-ARLL vs. 5t 1]
21, P=0.000; 5 T R 20 vs. 5280 21 , P=0.000; 52 56 21 vs. %F B4 |
P=0.000;28 d: Il FARHL vs. X HE4L, P=0.000; 5 F AR 41 vs. 52504,
P=0.000; 523020 vs X HRZH , P=0.000

243 MMP-2 fJ Western blot 45 5% 28 d i} MMP-2 iy
Western blot Z5 3 UK 9 Fis, 3¢ 7 HANEB ] 42 MMP-2
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BZRIAAKE . 28 d RTF-ARH MMP-2 ik /K4 0.121 6 +
0.010 4, % MEZH 9 0.229 5 +0.026 0, 52H4H H 0.175 5 +
0.011 8, 7,14 J& 28 d B TR X R4 AN S 55 2 MMP-
2 KRRV MR BA G5 L (3 P<0.05), 25 5 HAkSR
IR 25 4 MMP-2 (1) FR38 7K W b AR T X B4 (LSD—¢ Lt
i, P<0.05),

BTFARAL  XTER4L S

e ;-
o _

9 MMP-2 7 AVF R IX
&7 MMP-2 i Western blot ik 7k

il 7d 14d 28d
RTFARH 0.1282+0.0132 0.1108+0.0106 0.121 6+0.0104

X BEZH 0.2949+0.0109 0.2676=0.0112 0.2295+0.026 0
SR 0.2222+0.0084 0.2087+0.0181 0.1755=0.0118
FA4 21.743 58.925 40.307
PAH 0.000 0.000 0.000

T LSD—1 HAe 4 R, 7 d AR TR YL ve X BEAL, P=0.000; {5 T A 20
vs.SLBR 2, P=0.000; 3255 20 vs X B2, P=0.000; 14 d: T R4 vs.
S REZH , P=0.000; 5% TR 40 vs. 523640, P=0.000; S04 vs. % FEAH
P=0.000;28 d: {5 F-R4H vs X HELH , P=0.000; {1 T R vs. 2K 4H ,
P=0.000; 523640 vs X} B4, P=0.000

T E CKD B EH B BT A AR L, AVE
SEMTIAT M BT AR ()RR VNH
IR BN AVE 5K D BB AN 2 B3 ) i i
BATIRYT IR Pkt H  Br DL B 5T A R0
AVF DIRERERHIGYY ik 8t AVE I, A 25T
P BB D WA A A, D SRS R S 2k g

VNH #Ef2 Sl 4k 215 G B 9 7R s,
TR AR VR EE N HIF-1o 2535 B 8 T 1F
WO HIF-1a & HIF-1 B9— N3 1 M E T 44
Fa S HOAZ OFE SR 1, BEXT BtV HE S g, I L
PR H R 100 245058 R Y k-2 HIF-1a
B A=A 9 B RRE A A I A e e
& MEEZA ™, VEGE & HIF-1a TR R 2
— AR E B AR R T, 5 VNH
UG, TEMCAZM T HIF-1a REfE i
VEGF mRNA #%5% , JEHG AR v, e mifd VEGF
FEIRKEIN ) VEGF 7] 38 1< 46 1045 ¥ LN A9 75
P EAE 5 A% R F —x B 1 S A 11 S 3 AL 1) A e

TERUS M IR 0078 P P A P 1 A B ARCEARBE
T, HIF-1o W3 A] L) 5 MMPs (75357, MMPs J24%5
At SN 43I B AT R AR U A1 i (extracellu—
lar matrix ECM)YE A8 F BRI , 76 AR 4h
ST R A3 11 A R e 9 A0 2 B4 28 A 0 A v
L OCHEAE 01T MMP-2 J& MMPs Z R H— 51,
AL AT LA A EMC H R 32 540 IV 28 5| o 9
EMC 45H4 , i REAE EF- W AILAMR B [ 1 255 P RS A0S,
2 IMAE NS 7 AVE Th VEGF #1 MMP-2 1
A NEE T VNH AERR 385 T AVE Rk
RER AR

HATHIRT VNH BR G 25 90ia 7 S4in
¥ 1200 Ko B PR R ) 3 7 2 H 3 BE 5 it 78 I R A7) R
RN Z R, A RTINS R B, JE
Pk 2 AT AR, BE A S H T AVE AL I
WP ST RS AVE L2004 H SRS AT P A I
Titi, o AVF 42U B A AR, BT LAAR
PRBZE 2R ] HBO S99 CRF 3l ik Py Ak ) fp 45,
ARG, HETTERSE HBO X HIF-1o B H R0 SE A
VEGF 1 MMP-2 F&R 540, ZAMHIVNH fEEAVE
EABIVERT

AU 2 P A8 1 B T A 175 3 1 X i ) i e
T CRF HEAY | [FB) s g7 T AVE B 3 A5 i
PRI BIYISET RO, 78 AVE K5 AR
XL VEFT T HBO 697, FH R T 45 41 Al
AL, A L F IR B A TR AL, S0 Kk 2]
() AVE F ik P B BT P e A R O, (L 5
5 2 A9 P BB B AT ) 00 R 2 P P B
[F]EF, G e 24k & Western blot 25 4278 HIF-1a |
VEGF F1 MMP-2 {5525 2H vt BE 2 v 2545 PHAE 26
ik, HE & FERFARY,

45 BE ALk B R4, A1 2/3 BY LA 1L 4R
K F SR, N 13 AU a0 45 s P i T
HRAEITREL, G5 AARUGRIRSS S, AVF B3R BEIR
T AVF 1A RE () SE R854 | R meR 1T Hag
FEIMAE , X el 5 1 T AVEF HZUR VR, T
P T4 HIF-1a VEGF & MMP-2 (3535, &
SIE AVF HZUN ) VNH, AP 53175 San—
tilli Z5E20E N TS 8l AR 7R B A 1 56 v T UL 2% 3]
A4 —3, IR 7 20t HBO T Hi)5 H HIF-
la \VEGF Fll MMP-2 {43234 BH A1 X B4

S5 5B BRI SCHIFY | 24 I PN R i Jk I 45
U AN AL TR A IR AT HIF -1 B934 IR,
HIF-1a £ 5015 5 30 1 2 05 =2, i —
ZANHL N T 45 VEGF . MMPs _ Ifi /M A= K H 1
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K ET 2 A0 B A 4 PR 7 (A R AR R 34 29 HBO
IHITEGE T AVE HUESE I E A, AT AR B A
B 2518 . LI 4 5 XF I8 40 2 [6] HIF -1, VEGF Al
MMP-2 7EZk BRI 25 7 1E & HBO A A5 [
1), HBO JAYTTEME AVE B 4E R, 30k T
HIF-1a BYERIR , #E—20306 T HIF-1a TR SE A
BTk JER T AVE 28NN 4 A A i 4 1
MG LG PIIELE VNH JEJRAVER

25 LIRS IE I = AR RE S A T
12 M B o s R DK N A AVE 240 HIF -1
VEGF F1 MMP-2 (7)1, $0 il L b it A P 6 pr i
A A —E TR AVE R DIRE R A MERT . 2R
1M, FEIG R B ESRD JE 4 19 S A 0 5 AR IS (1)
BRGAA B K2R HBO Z T ESRD & 2 HiEk
PR TERR T — R38R | LA S LR S AR, 18
T i —HR5E

2 % X M
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