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[(BE] BH FHMASCEN 70 (HSP70) XFEEMEMZh ks (HPH ) A= R B8l ko 77 K2 il ifi
BEBIEH. 5 128 2 Wistar Hi 4L K BUEBEHLECT 27550 HPH AERIAL A (O IRAH, ARG 4 Yu il
ANTFPHE HPH 41 FE53 Rk 4l | 2R 8 4L (B Sk OG5 SRR B A9 IE P s 24U ) MR EE +HSP70 41( F7
ALETOCAFS R H R R RERUA ) o IR 8% ik B A AR G (1.5 L/min ) @27 HPH AR,
JEMTFEE 3, 7. 10, 14 d A5 408 E R BRI Sk 1 (mPAP ) Sl i 58845 (MT% . MA% )
GEROBAE 3, 7. 10d I, EAKY LSRG R4 HSPT0 KR8 7S U IR 5 (P<0.01) , % i +HSP70 41
HSP70 FEIAE Fas (ANIRL . ThKA M= G4l (P<0.01) , BU4A 14 d 44 1H] HSP70 ik 25 F L8 H2F
X (P>0.05) . #4537, 10 d B, ER/KAFZS iR AT A K B mPAP #5208 5y, HIYwm T2 0 R4 (P<0.05)
JEEE +HSP70 4184 K Rl mPAP 5745 A% HRZH LA ok WL 38w ( P>0.05) 5 B 14 d i, EhoK4l. 2siigdl .
JERE +HSP70 4037/ K B mPAP #2555 RGeiH 245 L (P>0.05) , {HYW W m T I (P<0.05) o B4 7d
JE KA 2SR RE L MT% . MA% P 5 T 25 FIOW IRAL (P<0.05) , i eE +HSP70 41304} R4 25 5 oG24
SC(P>0.05) 5 B 14 diF, hK4H . 25T | GFE +HSP70 20 MT% . MA% H#22 R Iegi 242 3L (P>0.05) ,
(BRI XA (P<0.05) o Z5i  HSP70 n]fgn] AFEAR HPH B K UM sk Ty, W b 45 B v
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Effect of heat shock protein 70 on pulmonary vascular remodeling in neonatal rats
with hypoxic pulmonary hypertension

LIU Kun-Zhen, WANG Le, LI Ming-Xia. Department of Neonatology, First Affiliated Hospital of Xinjiang Medical
University, Urumqi 830054, China (Li M-X, Email: limingxial203@sohu.com)

Abstract: Objective To investigate the effect of heat shock protein 70 (HSP70) on pulmonary arterial pressure
and pulmonary vascular remodeling in neonatal rats with hypoxic pulmonary hypertension (HPH). Methods A total of
128 Wistar neonatal rats were randomly divided into HPH model and blank control groups. According to the transfection
solution, the HPH model group was further divided into normal saline group, empty virus group (viral vectors marked
with a green fluorescent signal and not carrying the target gene), and virus+tHSP70 group (viral vectors marked with a
green fluorescent signal and carrying the target gene). The HPH model was established by inhalation of nitrogen-oxygen
mixture (1.5 L/minutes and 8% oxygen). Pulmonary arterial pressure (mPAP) and the indicators of pulmonary vascular
remodeling (MT% and MA%) were measured on days 3, 7, 10, and 14 of hypoxia. Results On days 3, 7, and 10 of
hypoxia, the normal saline and empty virus groups had significantly enhanced expression of HSP70 compared with the
blank control group (P<0.01), and the virustHSP70 group had significantly higher expression of HSP70 than the blank
control, normal saline, and empty virus groups (P<0.01). On day 14 of hypoxia, the expression of HSP70 showed no
significant difference between these groups (£>0.05). On days 3, 7, and 10 of hypoxia, the normal saline and empty virus
groups showed continuous increases in mPAP compared with the blank control group (P<0.05). There was no significant

[k H 3 ] 2015-10-18; [ $£Z2 HH | 2015-12-25
[ 4T H | HRARRAIES (81360104 )

[PEERIA | X, 4, miist,
LifsfeEd | W, &, #i%.

-152-



518 4 5 2 1Y)
2016 4£ 2 H

P E SRR E

Chin J Contemp Pediatr

Vol.18 No.2
Feb. 2016

difference in mPAP between the virus+tHSP70 and blank control groups (P>0.05). On day 14 of hypoxia, there was no
significant difference in mPAP among three subgroups of the HPH model group (£>0.05), but the mPAP in the three
subgroups was significantly higher than in the blank control group (P<0.05). After 7 days of hypoxia, the normal saline
and empty virus groups showed significantly higher MT% and MA% than the blank control group (P<0.05), but the
two indicators showed no significant differences between the virustHSP70 and the blank control groups (P>0.05). On
day 14 of hypoxia, there were no significant differences in MT% and MA% among three subgroups of the HPH model
group (P>0.05), but the MT% and MA% in the three subgroups were higher than in the blank control group (P<0.05).

Conclusions
HPH.

HSP70 may reduce pulmonary arterial pressure and pulmonary vascular remodeling in neonatal rats with

[Chin J Contemp Pediatr, 2016, 18(2): 152-158]
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B A Lk 2 P i 20 Bk =5 e (hypoxia induced
pulmonary hypertension, HPH ) 21l P& UL 2 &
R, LI AT R AR, MR YT R g A o,
EEM, WRBITZIR, BoREME, IR,
AR AR R T R I 5 S I F - 1o ( HIF-
lo) JEHTA KB HPH &AL H i 2l 1 1,
WTAEA IR R PYR & 1 70 (heat shock protein,
HSP70 ) REHE 7E K i SRS R BRI HIF-1o (9 8R
EPE, MEHE HIF-1a M REfE 2 SR, H FrE A4
KT HSP70 Xf HIF-1a FEf#EAE 0T 98 86 rh 7 e
S4B P 56 T HSPT0 AE TS 768 42 L HPH H
WL HPH (R R, RIAHCHGE ., AR
FIIABFSE LRS-, LA HSP70 K 4 H LA,
e [ i R 2 g B R 6 HPH 387 A R B 2H 4Lk A7
HMEHESE B, LU 414 HSP70 (1 3Rik,
WLEZ HSPT70 25 [H % Yt J5 HPH 7 A& K BRI 30 ik
T3, Wl fLAE S ke S EE B AR e G O, AT iR
HSP70 J&: 75 1 F& A HPH 32 K UM s ik .
RTINSt F SR L HPH BT
TBIT IR
1 Mel5R®
1.1 EEMRSIAFA
TEHL 7~10 HEAHE | 151 Wistar B4R KR [ 52
B EhYAAIES . SCXK (BT ) 2011-0004]128 H.,
TR 27 +3 ¢, S R R 5 — s = B =
IO SRS S A SRR AL . R AL (CY-
100B %Y ) e FIAERHR AT BRA ml 84 /Nah#
IR HX-200 7 )F A 28 AR A BR A ml 441
S B (BX41TF ) i H AR AR A Rl AL
Ad-HSP70 (4iifk ) K Ad-GFP (4ifk) i FigiUE
EYRE AR A S, b HSP70 £ ekt
PR R B A ) TR PR FIRAE, Btk

BT oG PR -HRP ZRIKH P A2 e Y T
A BR A AR,
1.2 FEELERSH

128 H Wistar Hr Az K AL BEVLE 73R 5
Jy HPH #E A2 ( fai FX HPH £, n=96) Fi=s (4 %}
M4 (n=32) , Hr, HPH ARG Y A
ST RNERKA . EREEA (bRA s ESHAR
#o B R R REAR ) A EE +HSPT0 41 (A5
A GO T FIRHER B SR EE gk ) |
FiH 32 HORR. 5% +HSP70 20 4k RUR # ki
A 5uL 5% 10" PFU/mL AD-HSP70, Z8JRHE4HZ K
BUE## KA 5 uL 5 x 10" PFU/mL AD-GFP, #h7k
HARKFREHIKEA S pL A HEIK,
1.3 #FEKR HPH BT

Fie FEAS U8 2 1 57 B AR KB HPH A2 AY
7735 B, K HPH 41088 K B U J5 o TR) B B
TR EARER A, DL 1.5 Limin B3 B2 8% A ik
B RETR AU AR, e B s A3
DA Py AR B, LA RETE 10% £ 0.5%, BN E
AN, DAARIIERG N AR B 38 A0 o AR P s
B RN TG K AR ES AR — S Ak Al 5 K Z8 <
ik P85 2 G 0 A PR 9 L 2 A 22~24°C
BRI 12012 h, BREAE 8 h, 25 X R4
WL SR, BT BV 3, 7. 10, 14 d K454
A R BRI il 3 Jok e g % it o A =SB AR A, A
i E) AT AL AR BT 8 FUB AR K L.
1.4 BRREEAE HPH 374 K BRBHAE S th g #

Fr A A 4 AR R BRI s S il 8 ik e g ) ST
B A4b A B A A i il 20 27 (3~5 mm X 3~5 mm x
10~15 mm ) o Ayt SRR 21454, R4
BUR A N B ERR TS, St s | il 21
W O A v ik il 2H 2R AR 5 AR FER 7K v gk v
MK, SRIGHBRATSCHCHI G 4% 225 PR [
5E 2h, FEA 0.1 mmol/L 1) PBS WiAATE 3 1k, HHIK

-153-



18 52
2016 -2

P E SRR

Chin J Contemp Pediatr

Vol.18 No.2
Feb. 2016

5 min; RJFFFRAE T 15% W REdE S, wa
ETFFEER A -20°CIKF &, B &irn
PR A A, DG, IRTE 20 min LT
GREDG WAEE TUES, JRER A,
1.5 GEHALKNAHELE HSP70

BUR BRAT T Ml 2 2L, 49% W v T 18 a2
24 h, BHEECEEMIK, A AL S U] H B
PURSMERE . B KRG ZURIE 8 sk T H o SR
AT B HSP70 2 v BB AR AR oo (b ) A
WCIEPUR G, Ay 24 b v 0 5 il 2H 21 HSP70
BRI AL IR ™A% e B0 £ U6 I 545
fEo 3,3'- ZESEPOR T R iR (0.01 mol/L)
o, BERRER G P A — P/ M BT B PR
PRicss o KBNS AR, LE 6

ROy, IREE N 15, G RH 25, Wil
%3%;%%@#%M%%54%%ﬁﬁ%,@

JE B 4 o 5 P 200 B O 19%0~25% 11 1 4%
BE M 200 L BN 26%~50% 3 2 43, FRYEZR i 8
R 519%~75% 11 3 41, FHYEARIL S5 >75% 1t 4 471,
OGRS P E AR 2 B s B
048 (=), 1~243(+), 3~443(2+4), >4 (3+)
1.6 FHAHzhEKEHRNE

BAUH A KRR E L (75 me/kg) . PG
(0.375 mg/kg ) FIHLPEPE (7.5 mg/kg ) TRAWNEIE
NSRRI, 185 #8542 . MR8 R K ik
RS, HTIWNEES, /NI S50
BRI AT R 100~110 YK /min, WPEEE 1:1.5, 9
A 5~7 mU/ming W SZE6 A R SRR AR L LA R A
BE, [ H AR 85%~95%. MMiHE A %4 U B
DI (A 2 A% 0.3 em, 22 2N 7
Z2105cem, FEMETL) , nomBMishikiR
#B, FH 4.5 55t St il 35 77 )/ IOy ST B RARS
AP iU R p U S TRE Y AWK (-3t S T e 1]

BhfJkH ( mean pulmonary arterial pressure, mPAP )

1.7 FhmE BB

B Wistar #r4E R A BIFREHE, 4% 2R H
B e 18 WA, ELEY R, Hl &L
() A B U0 7 RLBE I R K, R R BUBE LI 3 5K
I A5 95 AKS - R4 (HE) Yefa, A5k
i Bt AL A5 BB I W P 40 S AR B il T A T
Wi 1T AR AL [ Eﬁ%&«mm%%$m%3i,
OGS T MEIE A A AR b, G B R o3 B R4
DU fili /N 20 Jok v J22 BE TS (MUT) L fili /) 3l ik A A2
(ED) . &REH 2RI (MA ) A S
A (TAA) , HR¥E 2 5 MT%=MT/ED x 100% .
MA%=MA/TAA x 100% 15, ¥ MT% . MA% 1EH
it A5 FE YR AR R o
1.8 Sit=4ah

R H SPSS 20.0 e it A BRI 15 T o
Bro FFAIES TR TR S £ bRtz
(x+s) Fon, ZAIMH LERH One-Way ANOVA
Sy M, 41T PR B AR SNK-g A 565 R i 2
IEAS AR T BORR F A g (U Al i )
[P, (Pys, Pis) 132, ZAI LR Kruskal-
Wallis H 56, 4H10] P LR F Nemenyi #6256 5
R TORER FHBIECR R, 2241 0] o iR R B 4
J& B9 Kruskal-Wallis A K5 5, 25 5] 9 P9 B %2>k FH
Nemenyi £33, P<0.05 N2 FA G2 L

2 #R

2.1 %r§T+PHﬁiiﬁ%@”¢%Eﬁ

B2 S s O IR 2 2 kb | 1
ﬁfkﬁiM?Twﬁ,kﬂﬁﬂ37 10 d i
250 B 2H I 2 28 ] DL AR D AR 14 d PR
WL B rese (B 1) o RPLRE#HKGERTS
) 9 B P R L TR AR R BRI A 2, Bt A
BRI RE ,  Hs 25 7E M A 2 PN IR T S

Xof HE 4 2SRRI 3 d

& 1

i

2SRRI 7 d
BRERNENETRESEHMARTRFEE

23R ERLH A 10 d SRR B4R 14 d

(GFP, x200) 5P TR AL ZH 2R B4R 3 d B AT DL A

IO, BEEN I, SR TFEHSOTOUERIR, EHE 14 d INGEIOLHE.
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2.2 AN EEMAELI HSP70 WRIER K
N 58

B 3. 7. 10d ok, s, e +
HSP70 41 fifi 2 21 HSP70 2% 15 35 T 25 H X R4
(P<0.01) , H 97 +HSP70 41 HSP70 3% 35 5%

EERoy

Thokdl

JE +HSP70 41

B2 #HEXRMALS R HSP705FRIE(DAB R, x200)

T HIKAMZ KA (P<0.01) , {HEEHKLLA
SRR ] AR 22 G 2E R L (P>0.05) 5 ikt
14 d B4 4LE) HSP70 ik i i 22 R 401t
R (P>0.05) o WK 2, 1.

B4 3.7, 10 d 55 +HSP70 20 HSP70 Fik e T HAR 34,
Fti s e T I K, HSP70 W ssd, Z64a 14 d I, 4 4] HSP70 FikJoH 2% 5% . HSP70 PHTEFR A B4R,

F1 4AFEKRR HSP70 REANKMNEELLE  (FE)
3d 7d 10d 14d
e n
- + 2+ 3+ - + 2+ 3+ - + 2+ 3+ - + 2+ 3+
25 XTI 8 8 0 0 0 7 1 0 0 6 1 1 0 5 1 1 1
ke 8 1 2 3 2 0 2 2 4 0 1 2 5 4 1 2 1
2 EE2H 8 2 1 2 3 0 1 3 4 0 0 4 4 4 2 2 0
Ji#E +HSP70 4 8 0 0 1 7 0 0 1 7 0 0 2 6 4 2 1 1
HAH 15.242 8.664 3318 0.674
P1H <0.01 <0.01 <0.05 >0.05
2.3 JEFHEKR mPAP ZL mPAP /K- 5 [F] H #%25 A0 R e 22 7 gt i

oK H KSR E 3, 7, 10, 14d B}
T
(P<0.05) . Y% +HSP70 ZH B4 3. 7. 10d B A9

A9 mPAP 7K~ Fe [R] H % 25 16 IR 2

B (P>0.05) ;5 5E HiERK4H Fas R fe 4 i
BE AL (P<0.05) o REE +HSP70 514 14 d B
mPAP /K5 [A] B #3h K 4 e 2w dR 4 e e 25 S 0
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Gt L (P>0.05), (HE 45 FAXT IR ( P<0.05 )., 2,

T2 4BEFEKRRE MPAP LLEE [Py (P, Pis) ]

Wil n 3d 7d 10d 14d
25 T IR ZE 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)
KA 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)"
2R 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)"
S #E +HSP70 2 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)"

H1H 20.83 2422 23.75 14.21

P1E <0.001 <0.001 <0.001 0.003

E: an S HAXRALILE, P<0.05; b /RSHKALES, P<0.05; o G2 dlss, P<0.05,

2.4 REFRWMENEZAMARRLES BEYEJEL, RSB/ i E +HSP70 A17EHRAE 3

25 UG BREERT A R BRI/ NS B BE s #hok 7. 10 d IS Bk Z - LR LA A, A
RS SRR AURT A R UG 3 d I/ NSBE REY)  BESRART, R/ NN, FEB 14 d i
W SR, GRS T d B, RPIRVEANSCE KN B NSRRI L AL, EREIR, BRI/,
SRR LRSI, BRI, HREAN, B SR +HSPT0 41 A AU B K AL A
10d K 14 d i ] WL /NShik b= e A, & RN BRI R . LA 3,

S

23 I HRZH

g +HSP70 41

3 HREEMEXRMARALSFE SRR - JHIE, x200) 23 DN BRLEHT A I BUI /NSl DB BE . ok
RNz BELEL BEAT BN T SE IS, /NS KA B i/, A RERSJEE . TR +HSP70 ZATESA 3. 7. 10 d it/ NS I TE
DI/, ERESE AT (R4 14 d NN IKE RERSS, BB
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2.5 [hzhBkMmEELIEIRILE

£h K A R 23 e B 4 AE B4R 3 d iE MT% Al
MA% 57 AXT A EZR LS I ¥ E X
(P>0.05) ; 4 7. 10, 14d B MT% Fl MA%
eSOV IRAH B i (P<0.05) 5 {HILIZH A e
BESTGIFE X (P>0.05) , #Eniihka
Iz LB AR 7 d B FF I H B A 9 . B
+HSP70 4l 7E B4 3. 7. 10 d Bf MT% Fil MA% 5
25 X IR AR 2 R G2 F L (P>0.05) 5 7
B 7. 10 d i MT% F1 MA% A% T $5 /K 2 71 28 95
FE2 (P<0.05) ; S 14 d 5 257K 20 128 95 7
M ZEF G E X (P>0.05) , HETEA
XTHRZH (P<0.05) o HR7nJkEE +HSP70 40 45 8

IATEGRAE 14 d I L, ACER 7K 4 RN 2 o 27 2H e .
I3 3~4,
®3 AAFERRMA% T (xzs, %)

4151 no BUE3d B 7 d BE 10 d B4R 14 d
25 R IR 8 56+5 56+5 59+4 61x7
ok 8 55+7 64=5" 69x6" 705
2SR 8 55x7 64=x5" 68x4" 707
JEE+HSP704H 8 55+6  56+8" 587" 625"

F {4 0.30 5241 9783 4764

P1E >0.05 <005 <001  <0.01

W amSa AXIBA AL, P<0.01; b S5EKAM L,
P<0.05; ¢ 7~ 524 L, P<0.05,

R4 AAWEKRRMT% EU

(x+s, %)

215 no B 3d BRE 7 B 10 d B4 14 d
25 T R ZE 8 44+6 48+5 49x7 518
ok 8 42+8 55+6' 58+5 64%6"
2R 8 437 577 60+7 666"
Ji#E +HSP70 40 8 444 47+5" 49+8" 62+7
F {4 0.30 5241 9783 4764
P1E >0.05 <005 <001  <0.01

W an SaFAXBA A, P<0.01; b SEKAM L,
P<0.05; ¢ 7~ 524 L, P<0.05,

3 itig

HA:JLHPH, Rof e, fseies, Hm
PLHIA Rt — P05 . AR AT 58 4 B,
HIF-1o 755842 JL HPH B AR AL o A% T G
FIPY, Sl e TR R R ek 1, i i 4

e, WA e 2s w2 5 sl bk e
TER ", HSP XFR R R s AN R 1, A
FEEORSEME, B A TR AR, JLT
AN A e HSP., HSP70 78 1IE # 1 00 T %
IREAR/D AR SRS AT N ORI ECIR A T R A
Fhen, I EAEAN M M i 2 E Rk ™ &
VLS H5MMNEARN G, s, rEmEn
JOT B R A R s Ak A, AT R A X I PR 1 i A2
M, A0 AR IR A AR B AR U UTAE AT B
¥ 2RI HSP70 BEAE7E K B RS T FRAIK HIF-1a
FfaErE, (20t HIF-1o FREAR P, T REAR AT 3h
K J7, USRI i A E Y . A OGS R B AR
JifiRa 254500, AEHTAE )L HPH J& 75 4 TRl REAE FH 1 Y
AN IR ARGE -

AHFFE R, R KA K 7S g 1 4 SR A KRR
TEBRAE 3. 7. 10, 14 d By mPAP Y5 F45 A X R4,
LRGNk & R B, SR, Ak, R
KB 1 78 5 Ad-HSP70 %I HPH 387 4= Kk Bt 4
AU AT AN IR M, 6 5 +HSP70 4 HSP70
TR HA AW B L, TN LR AR
RN FAMNEYE HSP70 JEFFE YL 2 HPH #d: KRR
A, R YRy, $EE T I4L4Ud HSP70 (1)
Fik, AARRERIBFFEHR AL T HHIE,

HPH (¥ 1 3 2255 {0 AE0H: It 7 65 15 4 740 it 1f.
BHEIPA S, HETIA ki i 5 5 9 il 3 ik s R
FRE R R OCHE N 2R, Do 45 i 0 K v Fe i ep 2
S KRB, ARREHRTIAT & B, Wistar K
L FRAE B4R 3~5 d B R il il A 2R B, At e
oI DU L e &= A W SO W B S 1
G, WA 7 d LI, B AE S Dk
DA o NI BT G B ) =7 N =S N O S e A
N, ERKEE RS R R AR SR 3 d It gl ks Tl
RS, IR mPAP B9 TR 7 d BBl kS,
Fa AR R AL RR LR N ko Bt A AR
TCALES B K LA 55, S 50l ol 4 o 9 A el A 12,
mPAP #F—2 458

AWFFELER WA, oK J 2 IR s e B 3
7. 10 d B HSP70 PHMAER S T8 (AN R, ZES
i AEUE HSP70 7 5% DA+ B S 0 — 20, o N IE
PEF ARG R, WEBA 14 d, =48] HSP70 FHM:
RRIKZES G X, 3B i 2 21 i 42U
[ ZEK:, L5 F MDD RERE IR, 10 d P20
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N BT RE ) i, PR AT A HSP70 DLtk
T FE &, B AR I E R, il Z] 240
MZ N, BENSF=A: HSP70 FIRE ST FF% .

AT RN, TEGRE 3. 7. 10d B 96 B +
HSP70 4 HSP70 7E ifi 4 21 v 78 43 3R ik, b4
mPAP 53K 4l 25 dE 4] HL BB 0 AR, il i
BRI WY, B4 14 d B, HSP70 788 A kK
R 2 2L AR oE 4, A H: mPAP 4523 (1 % R
I, B B ELE Y BRSNS
() HSP70 Rtz il i & =98, PRl ik s 1.
Gogate %5 ¥ 2 Bl HSP70 15 1% 48 2% 14 F AE % {12 it
HIF-To 3 53 85 ARG AR, A HSP #il
7 KNK437 #li il HSP70 B DIfEfe , HIF-1a A9 R
WD TEERE N, A ST K BE HSPT0 K 4544
hEAESE SR A AL, R AT REZE HIF-
lo 1 FWEEIE N, BERLE HIF-1o 95 SR ME,
[ 2 HSP70 RA3G N, Rk HSP70 J2
T APLTE HIF-10 (972 RACKERE, B AL A0 i %
BN R B S i i Y, R — A I AR R SRR
~ HSP70 Xf HIF-1a HAGZ ZILREMAER, MRS
fRmtishfik ey, BARAE PR T 2 — 258

ARG KB HSP70 v 6En] LARFARAT sl ik e 77
WM A EHIE, XA HES HSP70 {4t HIF-1a /Y
Rafids 5%, ANRUIIZE AR SO — ST .
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