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[ Abstract ]| Objective To investigate and discuss the expression and significance of vascular endo-
thelial growth factors ( VEGF) and vascular smooth muscle cell growth factors in blood of patients with high
altitude heart disease through experimental study. Methods The expression of vascular endothelial growth
factors including hepatocyte growth factor (HGF) , VEGF and basic fibroblast growth factor (bFGF) and vascu-
lar smooth muscle cell growth factors including endothelin-1 (ET-1), platelet-derived growth factor (PDGF) ,
and fibroblast growth factor (FGF) in the blood samples of 42 patients with high altitude heart disease and 40
healthy subjects living in plateau as well as their echocardiogra-phic restuts were analyzed. Results The
expression levels of HGF, VEGF, bFGF, ET-1, PDGF and FGF in the patients with high altitude disease were
all higher that those in the healthy group (P <0.05 or P <0.01). The patients with high altitude disease pres-
ented various degrees of right heart changes and pulmonary hypertension, and had significantly higher values of
right atrium ( vertical diameter/transverse diameter) , outflow tract of right ventricle, anteroposterior diameter of
right ventricle, right ventricular anterior wall thickness, pulmonary artery inner diameter, and pulmonary arteri-
al systolic pressure than those in the healthy group (P <0.01). Meanwhile, the expression of HGF, VEGF,
bFGF, ET-1, PDGF and FGF showed positive correlation with the pulmonary arterial systolic pressure, pulmo-
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nary artery diastolic pressure, and mean pulmonary arterial pressure. Conclusion

Compared with those

healthy subjects, the expression levels of vascular endothelial growth factors and vascular smooth muscle cell

growth factors are significantly increased in the patients with high altitude heart disease, showing close correla-

tion with the development of hypoxic pulmonary hypertension and high altitude heart disease.

[ Key words |

muscle cell growth factor

plateau; high altitude heart disease; vascular endothelial growth factor; vascular smooth

Corresponding author: Li Suzhi, Tel:86-891-6858066, E-mail: 1zqqgh66@ 126. com

IR A 2 58 2 B SR I 20 Jok e S 1 ) 4
, R S T 2 DK v P i v D TR A 1Y) B
U ERE A i S i 3 bk R T Y % s HL
e FH T I A R R R A T O LA I R 440
B R JEL RV I M 28 ORI P I A
o RS il 3 Jik PN B2 200 058 2 400 I TR) 7 19 6 i B 43 B 5
W, LA Bl K- 2 JULAH 3 2 0t 20 ok R e D T AR
SR B M A A OE ) EER N, FATITE R
pxek v J O JE S A 06 SR ML T AR 1l A8 PN e AR K R
[ T4l i 4= K X+ (hepatocyte growth factor, HGF) | Ifil
BN K A K A T (vascular endothelial growth factor,
VEGF) | 1 1% £F 4 21 fifd 4= & Al -F ( basic fibroblast
growth factor ,bFGF) | K A2 ifit 45 - 5 AL 41 Jf A= K F -+
[ B2 2R -1 (endothelin-1, ET-1) | ifil /Mg P8P AE K 5
(platelet-derived growth factor, PDGF) | i\ £F 4 £ 40 i
H: KK 7 (fibroblast growth factor, FGF) | 3 ik 1% It i3k
A5 T WR9E, LA T i A v e e e S e il 0 ok v s 1)
TV B e DU WU ) 2B R R b A, K 9 46
REWNT .

1 AMSH®

1.1 %

WA 2012 4F 3 — 10 H 1 1] > 7 8 242 IX S I8 B 1192 12 5
FEBETRTT 14 e S o B 8 B A1 v Do WIE S P 55 3 52 3 107 51,
AT v TR0 WIS 2H M A bR A - B2 v O e, 3 6 S A IR
ORI O O LB I S A AR SR BT XS 4, LA b £
BBt 42 4] b I3 44 30 ), 2otk 12 441, B8 FE DU 16 3], i
FECIR 26 5 SF- ) AE I 55 (26 ~ 88) %, V- I IGHE I 4 393
(3700 ~4 950)m; i %% J& % % & & SR T S B a 35 (9 ~
66) 4% Xt FRZH B BEAR Bl 45 12 T 78 o A 0 AR T 4 1 £ e
2, X B AN ARRAE S 1 AT R OR RS Ao R R O I IR R
GRAFAH DGR I 52, 2 40 {3, Horp 55 ¢ 25 441], 2o 15 441,
FEJE DU 19 1), Jm i 21 5] 5 34450 48 (34 ~78) & 5 Jm A
EHFR R BE 4 200(3 658 ~4 700 ) m; H RS fm 35 L i i -
InFIE] 30 (8 ~52) 4F, HEBRAR U« 3 A4 B RAMI il e s,
A AL TE Y R ANRRAS R AR A4S I D RER 4, T R Il
DIfeREls = A A AN RERC AR YT Sk A, (A AR
R A ZH 2 o e SO B s s 1 A A5 & i AR R 2 2 38 =

Ji s JFR A AR T 2 1995 4 9 H HiEFE AY & R0 IR 12 Wi b
W R P T X el B [ I 2 A B 2 B S Mt o I ST LA G
HLE A A B IR A B R 4
1.2 Zik
1201 M ROREEAERR Kt 40 {515 It el 25 15 g SF REL AL
42 {515 VL T RIFTE X G 35 i B 4L, 3 5% e — e Rk R
Wtk o Xk R ZE AR B L3470 B B R R 10 2 B 7
SRR A, 505 T3 RS R A FR MK 10 mL, B S5 mL A
i 10% EDTA Na, 30 L FEMAKAG 40 pL 5 i8505 5
5 mL IAZ FHRE T, L EFRAIITE 10 min T 4 CALURTE
BLF 3000 r/min B0 10 min, B 8 T - 78 C kAR A7, 15
FRASUCSE 525 1T HGF \VEGF \bFGF \ET-1 PDGF \FGF &l ., [
I, X P LIRS X G AT AT I /M 3 B, BP0, B o, ol
A B0 WU S S5 A, P O 4 45 P R A S AR AR 1Y) SR AR 38
FUITRIEAT o X P L AR 5 ok 8 75 0 5l A i 0 8 I
#1 HGF . VEGF .bFGF .ET-1 .PDGF .FGF ZEik #4704
1.2.2 AUES R O P RS F A A 2R
HLTT B HEAT 5 875 0 30 PR R Ay 6 v P o I 48R, 137 1) -
33 AR (0,22 2 488 745 12 W7 AL (PHILIPS 23] ), A% 38 3% 7 i i
B, BRI 2.5 MHz 10 53 Wl 3l Jok 64 0L 3740385 , 00 4k A7 0 2 5
LTI (RPEP) | i ok L 378 0038 i ]  ACT ) , A5 0> 5 5 16 s i)
(RVET) , R4 i sl bk 2 % A3t 36 v 485 il 30 ok MAc 4 T ( SPAP =
—3.372 +36.58 x RPEP/RVET) , filizhjik&7ak 1 (DPAP = —3.007 +
21.779 x RPEP/RVET) , fili zh ik °F ¥ J& (MPAP = - 3. 315 +
26. 621 x RPEP/RVET) el s HGF . VEGF | bFGF  ET-1 , PDGF | FGF
K ELISA gE A6, 1% A Thermo MK3 FFFRAN, AH I
ARSI ) £ 0 S 1 i B A ) T RIS I, R 4 B I Oy
P B U HEA T
1.3 %itsgam

K HI SPSS 14. 0 Gt @ik, & A A H « +s RoR, R H
¢ RG4S L RE A H M

2 #R

2.1 MWAB R — AL

T o X P L AF 5 X G — M TR & B, PR 2T 5 X 1Y
S AR R LY T SR AR SR DU T 5 4y L T AR R AE
W R = e [ 2K 30 TG B E S 2R (P >0.05) .
ERFE L,
2.2 HAMRMSFEECHEALETLER

T A X LA 5T X G 7 O B R R A S5 R A % b & B, 3R



5536 #5512 1 W= T OE K 2% 2% 4 Vol. 36, No. 12
2014 4£6 J] 30 H J Third Mil Med Univ Jun. 30 2014 1333
*1 HARRHE—BRARLE
% i H JE IR U " SRR N .
é L!I s A kh - AE‘ 4
1l " %)) [61(%)] [61(% )] [61(% )] FR(F) i (k) BREHEE)
pOpiisEl 40 25(62.50) 15(37.50) 21(52.50) 19(47.50) 47.78 £8.62 4200.30 £354.01 30.42 £13.09
2 42 30(71.43) 12(28.57) 26(61.90) 16(38.10) 55.14 +15.83 4392.62 +355.44 35.31 14,18
xR2 MAMRMNZEEOHERELEREE (v +5)
. . 47 55 (mm) F FERE# A S i RE R Jiti st ik A% i 2 ok e 446
= ) % Az (mm) (mm) (mm) (mm) (mmHg)
X HRZH 40 45.58 £3.46 41.10 £3.51 31.38 £3.27 21.90 +4. 14 4.15+1.03 24.40 £3.48 25.40 £3.51
R0 2H 42 54.50 +6.25 49.50 £7.58 38.52+2.17 28.57 £3.16 9.02+1.99 30.71 +4.17 52.69 £19.46
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
3 8.81 6.50 14.47 9.61 17.11 8.41 8.72
K3 FHARRMNRERONENEERKEFSRERLEFLBINARERKEFRMNERILE (v £5)
13 iy 20 ok WA 446 2 LA PN R 2B A DG T DS LA B A FH 7
Z n
7 (mmHg) HGF(ng/L) VEGF (ng/L) bFGF (ng/L) ET-1(ng/L) PDGF (ng/mL) FGF (ng/L)
popilskatl 40 25.40 £3.51 271.40 £100. 65 92.24 +28.63 872.14 £276.94 107.03 £36. 15 3.42 +£1.50 2.81 +1.41
nv x| 42 52.69 £19.46 439.76 +146.71 122.85 +£30.95 1 103.60 £401.47 147.77 +68.18 5.89+3.33 4.15+£2.46
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
t 8.72 6.30 4.62 2.97 3.17 4.11 2.75

Y I A EAN R RE R B A O U BBt sk s TR, ol 5 ( BF

P MAR) AT ST AT R A A A RE SR i 30 ik

2 il I WA 40 T 45000 1 4% 535 8 T X B 4L (P < 0.01) . 4%

W2,

2.3 MABRSF R PORLETRARERE TS
12 o 55 T B Ll Bl 2 K B F A ) 45 R
3 3 ) P ZELBIF 0 42 L AR AL A P R A K PRI T HGF

VEGF \bFGF J A ifil 48 5 ¥ L 40 i 4= < {7 ET-1,PDGF , FGF

PEATR I & R 86 41 HGF . VEGF . bFGF . ET-1 .PDGF . FGF ffi.

WP B F IR B AR TR (P <0.01) , Z5RE3,

2.4 WMABRASF R PR LT RAEERE TS
P o 7T P L 4 L 2 K B T L5 B B B R AR KM
SHT
3 3 Xt 19 L S Xk G i B0 kP Ll e B, 38 41 HGF

VEGF .bFGF .ET-1 PDGF FGF il 4% 5 55 il 3l i e 47 1% i

BHIKET ST il S T 24 TR 4 2 5 0 TE AR G o T TR 2 ) dpe

ZWEMINE, HRENE45.6.

x4 HARRMKENEAREKEFRENE FRNAMRE
KEF SRtk ER XS

13 ) R A P A RARSCIN T P LA AR IR
HGF  VEGF bFGF  ET-1  PDGF  FGF

XtHAZL 40 0.186  0.158  -0.031 -0.189 0.168 -0.026

gl 42 0.836°  0.628%  0.709*  0.735% 0.900¢  0.901°

a:P<0.01,5 B4 b ik

R5 PMHAMRMKEODENREREFRELE FRNARYE
KEF Sk EF KERX DT

a5 . PRI YRR ARG T RSP LA A= A TR -
HGF  VEGF  bFGF  ET-1 PDGF FGF

XHHEZL 40 0.175  0.156  -0.033 -0.224 0.180 -0.011

WA 42 0.833* 0.626°  0.706* 0.729* 0.898*  0.901°

a:P<0.01,5 B4k

#6 FMAMAMKENEAREKEFRELE EFIMAME
KEF Sz FEHERXDH

. PRI P R R ARG T P AnfaA: AR
- " HGF VEGF bFGF ET-1 PDGF FGF
XTHRZH 40  0.175 0.158 -0.043 -0.171 0.167  -0.042
Vel 42 0.834*  0.629* 0.707*  0.737*  0.900* 0.901#
a:P<0.01, 5 Barkiz
3 itig

o DU MU 22 99 11%) B 2 PHL A R Lty 2 e S e
Bk s ., T St A s 2 Jok 8 R T 8 1 S ke S A 2 i
I A8 () 235 44 T A RN DI RE AR AN 0] S R AR . ISR IR
S AR i 2 ik v e I A 4 ) R A — R B AR 2
F14) 200 B R 43— AL S 0% B i 45 454 D e B AR 1R,
Y& ) R N B R R e e A N7y E RN =
ATEL%N, HGF \VEGF %5 il 48 % M4 K 75 il o) Jik 45 4
AR A EEME .

A AFSE B, i J5 0 1 e S ] 5 S50 ot 7
FEUIRE s BUZE L, A H e i o s S Rk Z AR IS TN
B2 R AHCH F (40 HGF \bFGF 11 VEGF 4§) , LA B ik
248 10078 AR 7 o AL 40 A A A DR o B SRR (A
ET-1.PDGF J¢ FGF 45) ; 3 W] 68 /2 1L 487 PN B 40 i i i
A A s R T R A T BN

HGF J&— 8] 725 A U 1% 22 Dy RE-PE 40 g X 7, 3
1 5 HAR AR AR c-met S5 12 P4 15 25 45 Fl 2 Al
R Al A A B s BB A S LA HA
AR il 30 Jik P 2 200 16 384 5 30 B AR A i A A e 1
JHOTM . BFGF RE R 40 A5 P Rz 200 B R o 5 - 7
LA L3 5 5354, ELAT 58 B0 il 8 A= i FE s BFGE %



5536 #4512 W)
1334 2014 46 A 30 0

£ = FE KB K ¥ ¥ R
J Third Mil Med Univ

Vol. 36, No. 12
Jun. 30 2014

it Sh Jk 8V 00 2 30 A 00 35T o L 200 s A s P A
A AN AN R A VEGE (£ 50 e 4 i L 1
1 o 200 B A e 4 = 2, A2 AR e 38 F il A
DAL HZ 20 S T, B o o A 3 S P AR i A T B 5
— I 5 B s L RE % 02 1 i 20 Wk afi 45 P Az 40 it 24
SO BRSO R AR AL, LR A AR S A K T2
[ | 38 0t A5 A O AR K PR 5 7 il 3 ik s R J AL il
Hh R T AR FH Y Bl 405 5 I F-1 (hypoxia inducible
factor-1,HIF-1) \ET-1 ,—% 4t %A ( nitric oxide ,NO) A E
BEATER, B — 2 M 4R R . Q- ET-1 #8498
% E VEGF 335" ;NO fE#S4 I ET-1 1 VEGF
4 i) s HGF . VEGF , bFGF, ET-1 ¥ {ii F HIF F
Wt s VEGF 1 ET-1 %o {5 48 4 i fn 45 70 78 £ )3 1)
B ATRAE . bR A T T R T R RE A 1 i 50 ik
SEF TS R R o BRTE BOBIFSE B X e
RELZE P At o B0 ¥z it g 72 s T b 90 P it 1 45 e 9
T i S5 1t A EE R ) S B SIS T E I =
A A A DR T R MRS AF 5 X S A 3 Bk &k A
IR RS .

AT R I, 5 v A R LA, RO IR Y
X R AEAE WA I B bk s e o 3k 5 BRAE A BFoe 45 21
AHTE], B ATk H 32 049 il J5E DR 2 v 1 1 e S A 05
TSR T IR T L AT TR, AR L P e Bk
ST LA A DR 19 2R3 S I S SO 3 Ik 5 44 E 2 7
FEJAA . P, FRATHEM 134 Bt mT e 7E i R0
U s P A B A P R HE AR o SRS I Y
PRI P Bz A= K I 7 HGF , VEGF \bFGF K A2 IfiL %5 ~F-
LA A K - ET-1  PDGF \FGF &84 I & 3K : =
JELC RS T 50 6 G412 1l 77 N B A K IR 7 HGF \VEGF
bFGF KAl il & -F- 1 L4t e A= & A -F ET-1 ,PDGF FGF
LI H Y TR 12 25 1o TR BN Ry O R
FEXSGAL MLAE N 2 A=K BBl ¥ HGF , VEGF | bFGF JZ fi¢
ML LA A AE 4 R 7 ET-1 PDGF \FGF 5 H:fiifi 3y
Jiklic e e BT 5K S S R B B E R IEA DG, Bk
SERARIR < B o D0 WSS (V005 195 0 =, AF 9 % 4 i
HR R LA P B BT o LA A A e R 7 ek K- 5 il
Sk AR SCPE R .l b AR, £ 0 N R AR R
AR I A8 - LA B A K TR 10 R 2k g i 5 HL ek 4
SR P 2 T AL U AT 5 T 5 i i 7 o ek ) o )
5 1 D P gt A it 9 ik v A9 2 i % g 0
W& R R IR

SE Wk
(1) 274, BRW. S l0ER 1], PUBEES 25 %%, 2003, 24(3)
1-2.

(2] BT, Wi, Tl A8 o e A SO 3l [0k 5 b 1 4 T R HCATL
HILI]. P E MRS EE R, 2003, 2(4) @ 246 -248.

(3] 2R, 23R, AR, o JEUIE MG 5 i o 8 445 4 7 22 il O
FLHERE[)]. e EpIEAIRGE, 2012, 26(4) : 392 -394,

Stenmark K R, McMurtry I F. Vascular remodeling versus vasocon-

[4

[

striction in chronic hypoxic pulmonary hypertension: a time for reap-
praisal? [J]. Circ Res, 2005, 97(2): 95 -98.

[5] shieBEotf = E IR EEF AR NS SR 3 E &R
4 P BEUGSWTRET] . BB, 1996, 6(1): 2 —4.

(6] W, M5, BOEIK. R0 2% W75 .0 ol 1B e w5 S I il 3l ik
e 1 LT]. hE#EE 2 EAE, 2004, 5(5) ;328 -330.

(7] XUk, % SRSk s mAg [T]. P E Sk i
R, 2011, 19(6) : 539 —542.

[8] ##0, Kifgdl, ZnW, % SRHLISTER X RSN B ik mi K B
it i A T s B AL [ 7] IR R4 B 24k, 2010, 40(5) -
445 - 449.

(9] Wi, PhSLEr. Besa Pl sl ks IR BE 58 6 4 NO 2 CGRP #9728
58X [1]. INZREEZY, 2011, 51(21) : 49 -50.

[10] Nakamura Y, Morishita R, Higaki J, et al. Expression of local hepa-
tocyte growth factor system in vascular tissues[ J]. Biochem Biophys
Res Commun, 1995, 215(2) : 483 —488.

[11] Nakamura Y, Morishita R, Higaki J, et al. Hepatocyte growth factor
is a novel member of the endothelium-specific growth factots: additive
stimulatory effect of hepatocyte growth factor with basic fibroblast
growth factor but not with vascular endothelial growth factor[ J]. J
Hypertens, 1996, 14(9): 1067 - 1072.

[12] Bk, WRSCH, BB, 5. BlPE el e g i AR 4 I e R S vt
it 3t Jk v s R UM P9 335 R AR AR BOER [T ] AR S R I
W Zuis, 1997, 20(6) : 344 —346.

[13] Rabinovitch M. Elastase and cell matrix interactions in the pathobiolo-
gy of vascular disease[ J]. Acta Paediatr Jpn, 1995, 37(6) : 657 -
666.

[14] Pepper M S, Ferrara N, Orci L, et al. Potent synergism between vas-
cular endothelial growth factor and basic fibroblast growth factor in the
induction of angiogenesis in wvitro [ J]. Biochem Biophys Res Com-
mun, 1992, 189(2) . 824 -831.

[15] Spinella F, Rosano L, Di-Castro V, et al. Endothelin-1 induces vas-
cular endothelial growth factor by increasing hypoxia-inducible factor-
lalpha in ovarian carcinoma cells [ J]. J Biol Chem, 2002, 277
(31): 27850 -27855.

[16] Elvert G, Kappel A, Heidenreich R, et al. Cooperative interaction of
hypoxia-inducible factor-2alpha ( HIF-2alpha) and Ets-1 in the tran-
scriptional activation of vascular endothelial growth factor receptor-2
(FlIk-1)[J]. J Biol Chem, 2003, 278(9) : 7520 -7530.

[17] JEENL, BEF. Sis S K 7S ek km (1], PE
A, 2006, 21(3) : 202 -204.

(18] #iv/hvy, BREZ, &S, &5 M N AR 7R R AR AT
AR R AER L], hENRZEE, 2001, 40(8):
525 -528.

(Yr75:2014-01-20; & [H :2014-03-10)

(i # &)



