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[WZE] BH HIEIATEEH 70 (HSP70) e84 K R E MR sh ks & (HPH ) S i A VEH
Fik 128 FUBAE KRNI J2s (IR HRZH . HPH AERIZE | 25 fig 8] IRZFN HSP70 40 (n=32) . 57 HPH
Y B 43 531 1) 25 11 BT HPH A58 20 R G ok FE ki 36 5 pL JCBAEh /K, ) 2 5 3 0] B2 K L o 2 e
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M52 {25 S BHE T4 X (P>0.05) o £ 554 HSP70 nT LA R HPH B A4 K R 20 41 HSP70
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Protective effects of heat shock protein 70 against hypoxic pulmonary hypertension
in neonatal rats
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Abstract: Objective  To investigate the protective effect of heat shock protein 70 (HSP70) against hypoxic
pulmonary hypertension (HPH) in neonatal rats. Methods A total of 128 neonatal rats were randomly divided into
blank control group, HPH model group, empty virus group, and HSP70 group, with 32 rats in each group. Before
the establishment of an HPH model, the rats in the blank control group and HPH model group were given caudal
vein injection of 5 pL sterile saline, those in the empty virus group were given caudal vein injection of 5 pL Ad-GFP
(1010 PFU/mL), and those in the HSP70 group were given caudal vein injection of 5 uL. Ad-HSP70 (1010 PFU/mL).
HPH model was prepared in the HPH model, empty virus, and HSP70 groups after transfection. At 3, 7, 10, and 14 days
after model establishment, a multi-channel physiological recorder was used to record mean pulmonary arterial pressure
(mPAP), optical and electron microscopes were used to observe the structure and remodeling parameters of pulmonary
vessels, and Western blot was used to measure the protein expression of HSP70, hypoxia-inducible factor-1a (HIF-1a),
endothelin-1 (ET-1), and inducible nitric oxide synthase (iNOS) in lung tissues. Results At 3, 7, 10, and 14 days after
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model establishment, the HPH model group and the empty virus group had a significantly higher mPAP than the blank
control group (P<0.05). On days 7 and 10 of hypoxia, the blank control group and the HSP70 group had significantly
lower MA% and MT% than the HPH model group and the empty virus group (P<0.01); on day 14 of hypoxia, the
HPH model group, empty virus group, and HSP70 group had similar MA% and MT% (P>0.05), but had significantly
higher MA% and MT% than the blank control group (P<0.01). On days 3, 7 and 10 of hypoxia, the HSP70 group had
significantly higher protein expression of HSP70 than the HPH model group, empty virus group, and blank control
group (P<0.01); the HSP70 group had significantly lower expression of HIF-1a, ET-1, and iNOS than the HPH model
group and the empty virus group (P<0.05) and similar expression of HIF-1a, ET-1, and iNOS as the blank control group
(P>0.05). Conclusions  In neonatal rats with HPH, HSP70 transfection can increase the expression of HSP70 in lung
tissues, downregulate the expression of HIF-1a, ET-1, and iNOS, alleviate pulmonary vascular remodeling, and reduce
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pulmonary artery pressure; therefore, it may become a new strategy for the treatment of HPH in neonates.

[Chin J Contemp Pediatr, 2017, 19(1): 88-94]
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PPHN) , i 58 3 . 5%k PRk 4 200 i
AT AR N R A, RS A T N R -
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HSP70 2H Je 25 0 HEZH R UL B S e e 9O, 2
PRI EEAT T8 HSP70 B v 2] HPH 87 A= K Ui
ZH 2, H b i A A T 7R il 2H 29 P9 220 a0
LI 1,
2.2 FBHAIEKR mPAP ML

TEGAE 3. 7. 10, 14 d I, HPH BiRIZH % 25
I 25 X0 BT 1Y mPAP 7KV 5 [a] H %25 [ 6 B4 b
W EN G (P<0.05) 5 7EE4 3. 7. 10 d A,
HSP70 ZH 1Y) mPAP 7K V-5 [a] H % 25 [0 B2 LA
EZRIGEE X (P>0.05) , 5[E A # HPH A
HUZH Je 73 g B X B2 LA i 25 FRAIK (P<0.05) 5 ik
4 14 d i, HSP70 ZH1 mPAP /KF- 516 H # HPH
PRI K 25 i T 0 IR A He A 2 R RG24 B X
(P>0.05) , {HEZE R T2 HAX A (P<0.05) o
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75 N IR HSP70 41 3 d HSP70 24 7 d HSP70 21 10 d HSP70 41 14 d

E1 SERENRERSNS HSP70 EAIMZEL (GFP, x200) HSP70 £ AUE B4 3 d i) ULHH i 4
OARED, B B R) A AR Il 2 S N T8, B4R 14 d Bsf HSP70 2H K3 P IR 2H 240 DL I I A e 94 5 o

K1 JHEIFFEKRE mPAP L [Pso(Pas, Pys), mm Hg]

Gapci| n 3d 7d 10d 14d
25 X R 8 9.5(8.0,12.8) 10.5(10.0,11.0) 13.0(13.0,14.0) 15.5(14.3,17.5)
HPH #5712 8 12.0(11.3,13.8)" 15.0(14.0,16.0)" 18.0(17.3,19.0)" 20.0(18.3,23.5)"
SRR IR 8 13.5(13.0,15.0)" 15.5(15.0,16.8)' 18.0(18.0,19.0)" 22.0(18.5,22.8)"
HSP70 41 8 8.5(8.0,12.0)" 10.5(10.0,11.0)" 13.0(13.0,14.0)* 20.0(18.3,23.5)"

HAE 20.83 24.22 23.75 14.21

P <0.01 <0.01 0.01 <0.05

e an G2 XA LA, P<0.05; bt HPH BRI AL, P<0.05; ¢ /n 525t B2 L, P<0.05,

2.3 HBAMMERSRELIEHRNKNET B, BEEP/NAEE, SR 14 d Nk 2
VG Yetty J5 WELES (0 BRZH 87 28 K B /N sl ik UL, ARERSR BRI, DL 2.
B, EREME, I BELE MY Z UTE W, HPH A5 B 3 d B, &4 MA% . MT% =S T4

RI] 2 BRAUHT A K RRBVR 3 d IS RE T X (P>0.05) 5 B4 7 d K 10 d B, 25 (X
YW AR AR T IR 2 S A KT ) W2 B2 HSP70 40 MA% . MT% ik T HPH #5575 25 F11
SIBKT I NUZ R, SRR, B4/, B ZSRETIRGL(P<0.01 ); B4 14 d B, HPH #5754 |
10 d J2 14 d Bt/ N ko 27 g AR | A RERS R 25 FE R IRZL A HSP70 20 MA% . MT% M5 T0
BRI, HSPT0 HTESRA 3. 7. 10 d Bl Gt L (P>0.05), (HE T2 X IEZE ( P<0.01 ).
AN 2 R W B3 B RERGEORE 4RUR HSP70 Rl DIAESERG M A H A . LR 2.

R2 BAHAFFEKRR MA% K MT% LbE (x+s)

- . MA% MT%
3d 74d 10d 14d 3d 74d 10d 14d

25 N R 8 56+5 56+5 59 + 4 61+7 44+6 48 +5 49 +7 51+8
HPH f: 712 8 55+7 64 + 4" 696" 705" 42 +8 556" 58 + 5" 64 = 6"
SRR AL 8 55+7 64 £5° 68 + 4" 70 + 7" 43 +7 577 60+ 7 66 + 6"
HSP70 41 8 55+6 56 + 8" 58 + 7" 62 £ 5° 44 + 4 47 + 5" 49 + 8" 62+ 7"

F1i 0.308 5.241 9.783 4764 0.233 6.142 5.802 13.617

P >0.05 <0.01 <0.01 <0.01 >0.05 <0.05 <0.05 <0.01

H: an 5P IRAL A, P<0.05; brR5 HPH BRI AL, P<0.05; ¢ /RS2 pai bl AL AL, P<0.05. [MT] 1 ZEERL; [MA]
JE R AL
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B 3 d B4 7 d H4E 10d HAE 14.d
ZE X IR
HPH HiIZH
G AL
HSP70 41 |

2 FBHEFHEXRMMEMESELE (VCRE, x200) 23 0 BREEUBTAE R BUR NS IR R, 8 BE T
HPH A5 RZ A28 5 1 %) PR AL A B AU (I AE G, i/ NSRS Wiy, A BENSIRE . HSPT0 ZI7EBRA 3. 7. 10 d WEfiZNshfik
ERERIIE | ETEAO NI, B 14 d /NS IR RERS IS, RN

2.4 % 4ARfi A 28 B HSP70. HIF-1 . ET-1. FEXT IR HIF-1 o B8R R IE K/ 25 H X IR
INOS ZEHRIET ZH A1 HSP70 4 ( P<0.05) , 1fif HSP70 2 A1 %5 14 %}
TEGRE 3, 7. 10 d i, 4% 40 HSP70 & 1 % MEZH B LA 22 S o843 L (P>0.05) o FEBRE

KK 22 R geit 2 L (P<0.05) , Hirp
HSP70 2 HSP70 B8 125K -5 T HPH BRI |
3N R B L AN ZS AR IRZH( P<0.01 ), FEBR4E 3.7,
10 d B}, 541 HIF-1 o 8 1R BKTF R 2ZESH
Giit2rE X (P<0.05) , Hob HPH AL | 259

3. 7. 10 d B, %4 ET-1 F1iNOS ¥ 85 [ %35 /K
WA A Gt L (P<0.05) , Hid HSP70
ZH ET-1 F1iNOS B9 25 1 35 7K KT HPH BRI
2SR EERTREL (P<0.05) , 1525 FIX HRZH oA
ERTGEE XL (P>0.05) o WLk 3~4,

R3 RAFEKRRIHAL HSP70, HIF-1 o EAFRIEKFELLE (xxs)
HSP70 HIF-1 o
21 5] n
3d 7d 10d 14d 3d 7d 10d 14d
SEMMEA 8 111£059 1.14+062  134+048 1412034 029+0.11 02520.15 0.18+0.08 0.19%0.06
HPHBHIZ4] 8 154046 143060 144+070 142+032 051+028" 040+0.14" 0.39+0.20" 0.26+0.02
ZSREERTIRZE 8 1.60+£0.48  144+054"  1.61+£0.77" 137+£026 047+0.18" 044+0.14" 041+022" 026+0.10
HSP70 £ 8  4.03+126" 412+ 131" 401+1.31%" 1.78+0.64 027 £0.18"" 0.26=0.16°" 0.19+0.15*" 0.25+0.09
F{H 16.46 3.64 17.75 1.68 3.27 3.13 4.20 1.48
P{H <0.01 <0.01 <0.01 >0.05 <0.05 <0.05 <0.05 >0.05

T a R Ga IR IR, P<0.01; bR 525 (XA, P<0.05; ¢ 785 HPH ZLAHH, P<0.05; d 78 5230550 IRZAAA 1,
P<0.05, [HSP70] KT 705 [HIF-1 o | BHEIESFF 1o,
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R4 RAFFEXBMAL ET-1. iINOS EAFRIZKTELLE (x+s)
ET-1 iNOS
ZH 5 n
3d 7d 10d 14d 3d 7d 10d 14 d
75 TR 8 1.9+1.0 1.9+1.0 1.7+0.6 1.6 £0.7 2518 23+18 2316 2312
HPH #7048 3.0+1.7 29+1.5 27+13 24+08 5.6+3.5" 3.9+1.5° 41+£20° 33=+15
ZRRTEXTRALL 8 3.1+15 27+15 27+15 23+14 4127 3.6+1.7 40+1.8" 33+19
HSP70 4H 8 1.3+0.8" 1309 14+08™  1.8+1.0 21+1.6™  17+11"™ 21£12" 21=x16
FAH 3.466 2.988 3.145 1.182 3.250 3.509 3.259 1.318
P& <0.05 <0.05 <0.05 >0.05 <0.05 <0.05 <0.05 >0.05

H a5 AXEAMEIL, P<0.05; b5 HPH ML, P<0.05; ¢ /m525Raex] B, P<0.05, [ET-1] 45L& TN ZE -1;

[iNOS] if5 T/l — AL R A 1

3 iTig
WA A 9 I HPH B L IR 6 )L
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PR WA eSO R S R R o A /)N
BN BB, UM R 48 R - A, i
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K ASHIFSESE I R HPH AR 20 7 25 95 75 % I
LT B bk s T, B4R 7 d sl i 4 E 9
SR 14 d B0 A S SR NIRT, HSP70 44 3. 7.
10 d %A MBSk &, 14 d Bl sh ik 71 X3
B, TR EERAG AT EYE, AU HSP70 SR KA
RENSI R ol 2R il A T8, FRAAl sk 71, i
Bt HSP70 Rk /0, oyl B il i 45 2 99 A0
FHRIES, YR HSP70 i3 3R ik Be U8 & 44 (R 4 il
IMAE YRR T 1t A 4 A A FH o

A WS 78 HPH B AL 2H HSP70 2 35 7 B4
3. 7. 10 d BFASEIN, —J7 TR B SN 0
T, HUARR TR IS GRS 3, 51 N TR
HSP70 k¥ L, 55— HSP70 41 HSP70 & H
FR K5 T HPH BRI | 250 0T RE A, Uil
T R EEA S HSP70 7] LU S4B PE HSP70 78

b KR SN R R A . ARG I 278 HPH
BRI ZH | 25 g 7 6t A 2L A K R ot I 5 45 0 1
A, HSP70 4187 AR K UM LA i s, Ui e
AMEE HSP70 (303235 J5 vT LA E: HPH fififiifs
Xt HPH A KERIAH 2B AR EH . Ao
R IR HSP70 Z6ik/b, X HPH {4 7E R 55,
AN BE VAR T 0L A8 45 P A, T 7 SRR R 2o
—ERYSR T, DRPLRm R A, (AR RN A R R
o Nk S rige g 7 G e G B - S U Wl e U
L T HSP70 {14 fE

HPH BRI Az i 2 xf AN AEBRA 3. 7. 10d
if, HIF-1o [ E, (5 HSP70 41561k
A%, DERARRIS R 00 HSP70 175 4 HSP70 5%
FikJ, M HIF-1 o AUFIE, 14 d B HSP70 7E4AK
PG IRD 55, X HIF-1 o AY30HIFE Tt 55 .
VB 7E Bl 0K 0 F HSP70 X HIF-1 0 A 72 21k
FEfRAE, 5 Gogate %5 ™ iR —%, BT HIF-
Lo AT LA 375 5 H R U L ) ET-1. iNOS By 3R
ik, ORI HAR B B BB E A
Western blot #6145 5 i 7x HPH #2578 2H A1 45 5 2 %)
WL AEBRA 3, 7. 10 d B ET-1, iNOS & 4 %358
W, SRR, e HSP70 41 4%5ARE K,
iF—25 1 HSP70 =3k aRiA S, il HIF-1 a AY3R
is, [AIEHE R PRI IE D ET-1, iNOS B3R,

BRI AT LSS HPH A K BRI 22 P 1
PER HSP70 ik, (HBAT 44 % Bl 20 41 8L ) 1
PER, IR TN 569 HSP70 1T LA S HPH
AR RATZLZ R HSP70 maiksl, et HIF-
Lo FEf#, TP TUEILE ET-1, iNOS ik &
FEREARN S KR 7, D8 ol 5% fife Al 1t 7657 o 98 1) 1
FH ., I HSP70 #£ HPH HmT L& 4555 il 473 1) £
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