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[ Abstract | Objective To investigate the roles of transforming growth factor B ( TGF-B) and
connective tissue growth factor ( CTGF) in right cardiac ventricular fibrosis and hypertrophy under hypobaric
hypoxia. Methods A total of 50 SD male rats (8 weeks old, weighting 188.6 +19.3 ¢) were randomly and
equally divided into control group ( normoxia), and hypobaric hypoxia groups for 3, 7, 14 and 28 d,
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respectively. The rats in hypobaric hypoxia groups were housed in a hypobaric chamber simulating high
altitude at 6 000 m above sea level for corresponding days. Right ventricle hypertrophy index ( RVHI) was
evaluated by the ratio of weight of the right ventricle to the weight of the left ventricle plus interventricular
septum. Expression of type [ collagen (COL-1 ), TGF-B and CTGF at mRNA and protein levels in the right
ventricle was measured by real-time PCR and Western blotting. The correlation of the duration of hypobaric
hypoxia with the expression of TGF-B, CTGF with COL- I and RVHI were analyzed. Results

with normoxic control group, RVHI was significantly elevated in the hypoxia groups, with those of 7, 14 and

Compared

28 d hypoxia groups more significance (P < 0. 05). The mRNA and protein levels of COL-1 were
significantly increased in the right cardiac ventricular of the rats after exposure under hypobaric hypoxia for 7,
14 and 28 d (P <0.05). The protein levels of TGF-B (3.68 +£0.17) and CTGF (8.73 £0.96) were
significantly increased in the 3 d hypoxia group (P <0.05), and so were those of TGF-g (0.93 £0.15) and
CTGF (12.62 £0.14) under hypoxia for 28 d (P <0.05). But there were no differences in the expression of
the 2 cytokines between the rats under hypoxia for 7 and 14 d (P >0.05). With the increase of duration of
hypobaric hypoxia, the mRNA levels of TGF-B and CTGF were significantly correlated to RVHI (P <0.05) and
to COL-I mRNA level except for 28 d hypoxia group (P <0.05), and the mRNA level of TGF-B was positively
associated with that of CTGF (P < 0.05). Conclusion

expression of TGF-B is increased and then decreased, while the expression trend of CTGF is increased and then

With the increase of the hypoxia duration, the

decreased, and the 2 cytokines are involved in the fibrosis and hypertrophy of rat right cardiac ventricule under
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hypobaric hypoxia exposure.
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ik F A (TaKaRa) Jz # 5% RNA, PCR {#i | SYBR
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514 5'-GTCTCCCAAGGAAAGGTAGG-3', M54
4 5'-CTCTTGAGTCCCTCGCATCC-3"; COL- I B4 I ¥iF
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a:P<0.05

3 i

O LEF AR WLUEE 28 O UAE K A4 B 20 B
S T JULET A2 LUR I  UPE £5 19 25 20 M S P o )

AR YU SERI O A B A . ARBESELL T B
FEIR K S WP e S5 S s O ULEH 2R 4T AL AR S, 45 51
S B, B R BN R E K, A7 DS LS T R
R w22 i B 5 40 ENE R e & 4N
PR B S TE A G SRR IR B A D = O LA AL
HHEE KA XK,

HARNF YA ZFh AN 2 SERE K., H
TGF-B [ {45 4 g 2 K Mok, 5 0 WLEF Ak /E
Y . AT R, FEEE R B (3 d) TGF-B B &
FEAER . TGF-B AMUAT LM #E ECM 33K 5 4316 1 il
20 M DL A ) T EL AT AR E cFB 45 434k
WURLF4Edn "™ . TCF-B 3 AT DL S 1M 45 1 L4 i
I3 WA LT R A M A A P - A LA 40 L R, FE A 44T
EAb RAIEVER' . ABESE & B, H A 4L SR B4R
3.7 A1 14 d 41, TGF-B 5 T e I it Fe ik K SF- 1 5 i
FOAEAR S, K R B AR 28 d 4, TGF-B 5 T W R
mRNA 7K 37 1 25 A0 OC  (H L 54 0 B JE 45 B2 1h)
FETER EIEA G, 454 7R , TGF-B FE sl A i 0 UL EE
B RAR AR SN, B 28 d b WL SR TR
Al g P T TGF-B /E A G , AEAR R B4 3 d
B} 535 18 78 1 TGF-B AT {2 b i £F 4 Ak 41 g 35 0 | i o
S 1G5 LR AH DG A I PR T 1 2R3k 5 4 W, AT R AR
714 d SRR B H ALK BT X — 8.
A OO LET i At A T A S A A PR FOVE R 2

CTGF & — M Z e L dEfb 25 1, 7T | B2
g4 iR NN R A A OB =S v NS B /S 1 I w1
5 ECM (7% £, 40 1 40 Jfo o 35 o e e ot~ . Ao
FERIN CTGF R hAEAS A K s ke S 1) [] 35 36 2 A A8
1k, 1M H5 TGF-B &k A8 A s AHALL, R 35 76 1% & Sk
A3 d RIXBENZ BEE BIFE, FAUREA 28 d Rk
Wahn, # CTGF &5 TGF-B 4T HIE T, RBP4 2
RO UL T R Y 3R 2 A A7 AR A HLAE
o SCHER[10 - 11 JHiB , 7E4F 4Efb i3 #2 v+, CTGF Bk
INhJE TGF-B 1 Milif /o IEHIHEM T, O CTGF
AR DL A R, o FRA A 405 mT B O e TGF-B 7Y
P, T B2 CTGF R4 . CTGF () mRNA
K5 TCF-B BLIEAM X, Biik T TGF-B al {& i CTGF
FEATE T SCER [ 14 - 15 T4RGE , 78O LT 4Rk & A
S BRI AR R B DR K I £ CTGF K14
kLR TGF-B i 14 0 CTGF [ mRNA /K, —i
TR LT A 70 AT R ol S5 R O JDLBES K e 4
AR s ft 405 300, G 90 400 e PR 1 it T g il i A L
HYERTODIUERBIE . AW RM, MR TCF-B.,
CTGF, sl i Hoak B 3235, O WLET 4 1k i A8 fb - A i



http ://aammt. tmmu. edu. cn

B PR R ,2016,38(9)

931

F R RAT T kR — B Y 4

SRS

AT e S A 75 2B ) O

TEMRE A R EEN, A O 0N S = K E

TCF-B, {0 L 2L 9 2% B 240 i, ok — 20 7 A=

CTGF , P38 03 v Jo 240 Jfa 55 2 Fofr 240 M, 2 2 H

W5 oy

b HE A M AN A A O LT EAL o B0 P
Pl Lo An i 7m0 A S G D LT dEAR ) K A A
SR R ] e i Co I A A R I e ,XH%@L%
Ji o FE AR , AP s I A S A 0 B2

S 3k

(1]

(3]

(5]

(8]

Martos R, Baugh J, Ledwidge M, et al. Diastolic heart fail-
ure ; evidence of increased myocardial collagen turnover linked
Circulation, 2007, 115(7) . 838 —
DOI:10. 1161/ Circulationaha. 106. 638569

Yekkala K, Borg T K, et al. Dynamic interac-
tions between myocytes, fibroblasts,
[J]. Ann Ny Acad Sci, 2006, 1080(1) :76 —84. DOI.10.
1196/ annals. 1380. 007

Accornero F, van-Berlo ] H, Correll R N, et al. Genetic A-

nalysis of Connective Tissue Growth Factor as an Effector of

to diastolic dysfunction[ J].
895.
Banerjee 1,

and extracellular matrix

Transforming Growth Factor beta Signaling and Cardiac Re-
modeling[ J]. Mol Cell Biol, 2015, 35(12) : 2154 - 2164.
DOI:10. 1128/Mcbh. 00199-15

Rosin N L, Falkenham A, Sopel M J, et al. Regulation and
role of connective tissue growth factor in Angll-induced myo-
cardial fibrosis[ J]. Am J Pathol, 2013, 182(3). 714 -
726. DOI.10. 1016/j. ajpath.2012. 11.014

Leask A. Potential therapeutic targets for cardiac fibrosis:
TGFbeta, angiotensin, endothelin, CCN2, and PDGF, part-
ners in fibroblast activation[ J]. Circ Res, 2010, 106(11) .
1675 - 1680. DOI.10.1161/CIRCRESAHA. 110.217737
Huntgeburth M, Tiemann K, Shahverdyan R, et al. Transfor-
ming growth factor beta (1) oppositely regulates the hyper-
trophic and contractile response to beta-adrenergic stimulation
in the heart[ J]. PLoS One, 2011, 6 (11): €26628. DOI;
10. 1371/journal. pone. 0026628

Leask A. Targeting the TGFbeta, endothelin-1 and CCN2 axis
to combat fibrosis in scleroderma[ J]. Cell Signal, 2008, 20
(8): 1409 - 1414. DOI.10. 1016/]j. cellsig. 2008. 01. 006
M’ yakush O, Y Verbovyts’ kyi, I Saldan, et al. Synthesis
and determination of the crystal structure of hydrides of Er
(M, V)(2), where M
Sei, 2004, 40(6) : 781 —786. DOI.10. 1007/s11003-005-

= Fe or Co, compounds[J]. Mater

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

01159
Blaney-Davidson E N, Vitters E L, Mooren I M, et al. Con-
nective tissue growth factor/CCN2 overexpression in mouse
synovial lining results in transient fibrosis and cartilage dam-
age[ J]. Arthritis Rheum, 2006, 54 (5). 1653 - 1661.
DOI:10. 1002/ art. 21795
Shi-wen X, Stanton L A, Kennedy L et al. CCN2 is neces-
sary for adhesive responses to transforming growth factor-be-
tal in embryonic fibroblasts[ J]. J Biol Chem, 2006, 281
(16) : 10715 -10726. DOI.10. 1074/jbc. M511343200
Accornero F, van-Berlo ] H, Correll R N, et al. Genetic A-
nalysis of Connective Tissue Growth Factor as an Effector of
Transforming Growth Factor beta Signaling and Cardiac Re-
modeling[ J]. Mol Cell Biol, 2015, 35(12) ; 2154 -2164.
DOI:10. 1128/MCB. 00199-15
Igarashi A, Okochi H, Bradham D M, et al. Regulation of
connective tissue growth factor gene expression in human
skin fibroblasts and during wound repair[ J]. Mol Biol Cell,
1993, 4(6) : 637 - 645.
Bradham D M, Igarashi A, Potter R L, et al. Connective
tissue growth factor; a cysteine-rich mitogen secreted by hu-
man vascular endothelial cells is related to the SRC-induced
immediate early gene product CEF-10[J]. J Cell Biol,
1991, 114(6) : 1285 - 1294.
Behnes M, Brueckmann M, Lang S,
sue growth factor (CTGF/CCN2) . diagnostic and prognostic
value in acute heart failure[ J]. Clin Res Cardiol, 2014,
103(2) :107 - 116. DOI; 10. 1007/s00392-013-0626-6
Koshman Y E, Patel N, Chu M,

et al. Connective tis-

et al. Regulation of Con-
nective Tissue Growth Factor Gene Expression and Fibrosis
in Human Heart Failure[J]. J Card Fail, 2013, 19(4):
283 —294. DOI;10. 1016/]. cardfail. 2013.01. 013
Gravning J, Orn S, Kaasboll O J, et al. Myocardial connec-
tive tissue growth factor (CCN2/CTGF) attenuates left ven-
tricular remodeling after myocardial infarction [ J ]. PLoS
One, 2012, 7(12): €52120. DOI; 10. 1371/journal. pone.
0052120
Gravning J, Ahmed M S, von-Lueder T G, et al. CCN2/
CTGF attenuates myocardial hypertrophy and cardiac dys-
function upon chronic pressure-overload [ J]. Int J Cardiol,
2013, 168 (3): 2049 — 2056. DOI; 10. 1016/j. ijcard.
2013.01. 165

(r#5:2015-11-12 ;& [E] :2016-01-06 )

(% £ %)



