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ABSTRACT: FHL (four-and-a-half-LIM domain) a cytoskeletal protein which containing 4 (1/2) LIM domain and cysteine-rich,

The name of the LIM domain, is derived from three homeodomain proteins (Caenorhabditis elegans Lin-11, rat Isl-1, and C. elegans

Mec-3). This domain has been recognized in a variety of cytoplasmic and nuclear functional molecules. FHL family including FHL-1-5

five members, and FHL-1-3 was discovered important effect in the development of the heart, the latter found that they can promote

proliferation, migration and so on in the process of PH. This review aims to summarize the relathionship between FHL and PH.
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TEA RGE— DS A 2 a5, i34 3222 th fiti 3
JURFI i e ok A %, DX 3 ARG B o vt b i, Jfi 3 ik v . Pul-
monary Arterial Hypertension, PAH) J2& fiii g ¥4 = J% ( Pulmonary
hypertension, PH ) i) 55 B2 2H o fili sl ik v Pl it Al 1) il 3 ok =4
AU — AR IR S5 WA B 2 B 2 M RN TE
HUTI AR SR . GRS & A{E S 3E HAE N IR 2251
A, AR VR S R 3 3R T f1 . REBE MR E
HE &R B R AV 2 H e i E R ER
ZNHGE , BAR TN TEA MG O T i 2 M AP, LIM 4545
W A FHL 2 (1™, BN DI N B ARVE 2, BT REFE
ARZ T 1 5 W 25 i 30 Jok s s RO SR e J o il sl ks 1 2 —A
TR RS AT I i M AR A e , FHL 2R 5 i sl ik
15 6 ZR IR sl 2P AT LA 265 il sl ik s P X038 7 B A — A8
TRYTHEA T LT A SR AR D SR 2R

1 FHL KRR

FHL, 4 %R} four-and-a-half-LIM domain, LIM 4% #4355 5
JE7E C.elegans £& H1 1) Lin-1 Fl1 Mec-3 £ K K ok B Isl-1 H: K 45
T ) DNA 256 & B9 8 %5 ok 1Y, #F Lin-1.Isl-1 A1

Mec-3 3 [H 5 2235 7= 9 P bR 3 A TR DRSO MA & A — A~ | 2k
JHE SR B FE R 2 51, X A 2 e R A R R B B 3 A4
FERE TR 4% 0 LIM g5k, & LIM g5 3 A9 2 A FR A
LIM ZE 1. LIM 25138t 2 55 R FERRSR LA AL, & A B IR
B8, TR 2 A EEFE 2R LR ST B 24 Joe 22 R AN 24H S R Ak 2 T A
BA 7o G54 DRI RS E = 90E RS, BN S 5 HAME D
JEAAELAE A G 32 K™, ARl 2 P 4548 TP LIM S5 43850 B
A AL SIS (DBES A LIM 25 R st & A Hofth 1
[AlPE L LIM-HD % H;(2) A% LIM-HD 2 [ [Rl s 2 &
A 1 #]£4 LIM 4550 LIM-only & 15 (3) FR&A LIM £
FISEANA S 1 AN P BOZE R S  LIM 88 25 115 (4)7E C-
R A FRAEE B9 LIM S5 F38, N- A A7 HoAd S A sk ) —
J LIM &M,

FHL J& LIM-only A H—REH . EIIEMRMLL
PRSI R R, S 5T MR AR SR A S ST, 2
MuA= 4 B oAb AN 20 it B 2R E A8 ) F LA [ F-. FHL K%
WA S ARG, 4 3&  FHL1 .FHL2 .FHL3 FHL4 FHLS5, FHL
EFSA 4127 LIM 518k, FHL %R 1R 8 A 4 454
o LIM 25 3k A9 HES ) o B AN Rl o e T HoAe U A0 P A S
FYER .. e ieR TR — M HeRR, M 553 F
CREM 1 CREB {454, #%1% CREM m CREB #y#%% 3%, i ltifk
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BAMRH T CBPIY, FHL1 F1 FHL3 ) ¥ 1e B 8L i & 5L, i
JE T A B8 FHLL 780 E VLR il B0 8L B i rh s FE 3R a8
FHL3 235 TE AL 00 5L MGUE F'E AR . FHL2 i .78
HIGIAR & B, 5T &AL DN e R ik, i FHLA
A FHLS 7E SR Beff o8 h HUZ R IK T8 3L, FHLI FHL2,
FHL3 =35 40 e 7 T 40 Mz S5 4nff i, i FHL4 H1 FHLS 41
it (0 T 2 A% . FHLT FEPRE AL T Y4 A Xq27.2 ,FHL2 K&K
EN T Ytk 2q12-q14, FHL3 B E N T 1 S Qi E g im
uir, N FHLS $E5 7 T4 14 6q16.1-q16.3,

FHL ZRj5AE A8 46 e e & AR e . LA & O3
A ST IX = AN

TENRE B %A S v FHLL FE R & A R rh 2B
—A i I R IR, 7E Sre F1 Cas {5538 B% T B S
il R R A RN R, A N R 2 Y i vh g, 4o
SR FLIRE B R AR AU R R B
S R FHL2 78 e vh i 1 H & A8 (kA FHLL &2 2%, HAE N
PERE SO PR AT I8 R 358 T B AG), TTT 4 B S0 A 15 W 93 ok
BFRIE BT, TERER YL FHL2 T4 RNA (4 8 25 i
MR PRI A0 AR FE Y, 7ERR RS B FHL2 kRN
TS Mg 0 & A=, FHL3 i AU o2 LTy DR )
PO I 20 AR e FE R P, 78 N B AL B 240 M a3
FHL3 7] DLy~ i 2L s 400 G1 A G2/M ARH ", FHL3
TENT AR s ek , AR B8 h 335 Jo8 4k, FHL4 FHLS 7
X5 T E R

TENUA N & & 434k 77 T, FHL () 9] & IR/ HoAE B
WU AE K BAT EEEETIRE, 1M J5 ok R B AE O WUFE B WL A=
KPR, WFHLL Al IR E A4S EE C W
TP AR LN e b A AR AR ™, A Tl it 5Bl B AR
I LA AR . FHLI Bz 2538 VLA 2544, B FHLL 1
FARTENLRZEGRAE R RSN, L& F 2R FHLL #1
FHL2 #H3¢, FHLI (338769 T 0 WU A 2 08 O JE P2 BEAIG
B4, FERE O U T, BT FHLL 89875 .0 L4 f 25 44
MIfeh ZHEEZEHY, FHL2 R0 s, HAE R
PO WU A R 1, EURAE FHL2 UG i/ BUC A,
VAR AR N AR Z BB S ™, FHL3 76 #5140
FRTEE S a- MR A, Fidle- MSIEAN FRNBHEAS
W, TV 0B A b E A . FHL4 (FHLS fEX 5 8 Tk
M.

TERE SR W MG S BT MOl % . FHL K6 &
HIFARHEAE N S N5 550, 8RR AR R %
SRALIET B S S5 RTS8 FHL A 56 Kol
% CpG HIF-1o HIF-18 , TGF-B, FHL2 #5384, ¥ I AOAH &
B % 38 s G A M L 2 52K CREB v A5 X da  AP-1
B- 3R 11 . TCF .LEF .Runx2 . Wilms fif2g #1047 Wil 35
T I 1 25 e A VA A B AR AME B R T I 2 R B
MR EERNTFEEEA S, BEN 2. Hnp220 MFES &
A 1, FHL3 5 CREB .CREM CtBP2 Myo D .CRM-1 41
B SLH | AR AT . A 2R AR E 25 B

2 PH

2013 4F 55 5 Yt PH L 2 8UFE ;R Je i 3 T, B
1973 4255 1 LB ad % 40 45, 20 2008 4758 [
WA RS 4 UCHE SR PH S BRI/ NS . H RITSI ik e

FEAY 5 SCATE B F AL T H G I SO, O S8 D
FRERAtiEh kR 71 (mPAP)>25 mmHg Jf H HAlsh ik <15
mmHgP#, PH Y432 th A5 % 5 59 JF & % PH Figk & v PH 3
N5 M EAE BB B R T 220 RGN B & PH B ANl
(HOMREA M PH M2 M i #ei2 ZE0E PH ORI JR IR A (8) 2 W+
PHR, 55 1 YR AN 2 Yk itt  PH 203 20 PH 434 J5 & A Al
gk, Blish bk FRs A AR A EL AR R H R T 2003 AR5 3
WHESR PH &0, X EWE X PH AIARIE H T —AS88 4 5
[21]

PH WF5EAE 4> F- L 7 1 B T A DR . NO FiRi51 3
EMEN MGG, it cAMP Fil cGMP 3@ /R , 1
GIFRZE N LLEE 25 NO HRHAY 5- BAETR I8 A1 1 590 76 1fs A 3,
W EAARERR, R -1 GETHE AN Ca® i B MG &
F IR, A 0 M oM A S YR G, E PAH FRE IS Y PAH
T [ SR P B 2R -1 T P, B A P R R
FlZfE AP A, G AR E PAH SR BLE i
R, TR PAH BT rh | fe e 195 KO S 52 (A ] 5 34
JEE AR AL AN R T45 Ca® FFJ, B2 = A 4 a R Ca G hnAI
AN AR, 5 A B R 25 W] LB BRI AR 56 K Tl 1B P,
B HNFLEEZE Y — S Z TR EANTE AR AR HI S K M p R
IEFIIIRE 5- B O fAE PAH B Fsh il rp 2 7w i, HpE
i 11 A R AR ALK TR R AN R A 0T LA N 5- i 2k
Ko 7E/NER PAH BRI, 5- S 60 Jisse B AR R I R R PG 7T
JEFHIE PAH #ERRE BY, 58 & B Rho &1 A 1 Rho 345
PAH IV AT YE A — 58 e R P2 7 5- B (it s e i 5|
) Bt 07 K S T L2 R 38 R Il NSRRGSR e as Ak /
RhoA/ Rho J#HE 53 I & H 42527 % 19, 1JiW] RhoA/ Rho i
filg T LIE N — N H 0 PHIRITHE S B, ZEMABHRT, T
HIF-1o B SRR D ERRIERE | A0 1 1 R 3l fik v A =
FER HAE PAH 6 ARG IR I 5 F 84 S F LA R P 7 200 i
FP G T A

3 FHL k5 PH KR A

PH s R A , B2 A TRZ AN, AT
EAWIRE R K I . FHL KIELE PH CRINIF AL AHOCH)
TF9E EBAR A O A4S 5 IhRg e 26 55 J5 T, B0/ PH AR R
LS EE IR T, TR T — 2 F 20, A T
FHL 555 PH C RIS
3.1 FHL £ PH th EH#E.k M

Grazyna 55 AP JEXF PH 7E A S5 01 R v 14 fik 2 BIL R AT
FKAZHET, 25 TR Bt R 5 12 B Pk (2-dimensional
polyacrylamide gel electrophoresis, 2D-PAGE ) 13 5 4 B #40Ot:
file W B B K AT I ] B 3% 2 R (matrix-assisted laser desorp-
tion/ionization time-of-flight analysis) Z3#r L AR 4 24 /NN
SRR L % BE/INER AL, R 36 MR R RIA A 22
Sy, Hrh FRRBRE RN EAZ 2 FHL-1, e 2
BTZ59Esh MRASHCHILR AT A, HE KB
BTS5EAEYA M EARITE 8RR KB Sg B
N NADH 4, | S0 35 R R A C BRI 4 . 5 2 AR,
TEC M B T8 2 = 2RaA , 7R/ BUIE IR B0 LG sk 7R
O WA s 2 g 355k, TR BCA At FHL-2 FHL-3B9)
FHL-1 04 & 3k J5 & 3 H AN 85 325K TR 4 PH HL 4 (1
K EERARE (7 K21 K), 24 PH B2 B g 58 S 5 40
B2 R A . FHL-1 ;XN AEIRE pH A RRsRfM @, BBl



REYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Voll4 NO.18 JUN.2014

+ 3583 -

FHL-1 7EJi M55 100 RS2 R GEIMLE P 1) i 3R 7 SRR 31X [FAEA
SR AR Y AN TR0 — B30 AR A T v M a4 B R R A R SR il
B S, 5 FHL-1 7E 4N BRI R a2 T AL, R
FHL-1 /KA 2 Fff PH K BUSRS A 2 TH S, 175K A s 18 43
B WA G MIESE PH, B YR E IS VEGER H5417
SU5416 i35 PH, ZefRlgsRure A IPAH f &2 80, /3R B0 A
TN IPAH i £¢3| FHL-2 Fl FHL-3 3k 193278 IR L & 51
FHL-1 7 A\l K sk A /Nsh ki) PASMCs Hi#3k , 1fif PASMCs
S il I 4% EE YA A e X el . Grazyna 48 Ak T HESE FHL-1 78
PH I % F I A VE T, (8 siRNA 4114 FHL-1 33508 W25 1
i PASMCs [T B8 S G i %, i fifi FHL-1 3 %3k L gE(f
PASMCs 3T Z FNHEFE 2R B W8, 3T & R 76 K BB %
WLH Y % B—3, 13 Feik FHL-1 58040 T B 4 5 s n
[41]

FHL-1 J&#7 i FHL 5% Hh o — % B0AE PH p i E 2 v 1
FHBA 00, (EJEX R 68403 FHL2 A1 FHL3 A% PH /R H ,
FEAEATINER (A S5, A5 278 & IR i
3.2 FHL K5 HIF.VEGF

HIF #1 VEGF 7 PH H 2RI L HIH T, SO AR T
&5 FHL FJE M R o Grazyna 28 A (I 8F 58 R IE S48 A 26
PASMCs {475 519 PH " FHL-1 (Y3355 HIF-1a HIF-2«
Ko 1 HIF BRAGSECME PHORAE(RSEME PH AY &ML G,
i HLAE N IPAH ()95 75 gh ik b i &2 B HIF-1ac 19 i 3235 194,
Jing Lin 25 \F9fFo¢ % B, A6 e i 48 A v, FHL 28 (s +
Pt HIF-1 (9 5 05 — B{L A1 DNA 5 HIF-1 W44 %55
VEGF Ryt if#5, WA M FHLL @53 5% 58 HIF-1a 5 HIF-1B 1
SR — B4k A HIF-1a % VEGF J&2 8 7 19 ) 3l 3k P8 5 HIF-1a
B, HIF-la 5 HIF-18 ()5 08 —RAEX T 36 1L i L fig
5 DNA 254 ME A2 SFHES, HIF-1a B — 8RS
) N- 3% bHLH 42 1, 4B it PAS (Per-Armt-Sim homology ) X I,
FIMIG R DR S (A SR A Sl IX 358 . bHLH X33 DL DNA 25
AT B AR TR S 1 X3, PAS KA BT Bk, A
B — BRI MU A 552 bHLH F1 PAS X34 4E. FHL-1 5
HIF-1o /) bHLH F1 PAS X3 19%5 & W38 T HIF-1a 5 HIF-1B
Y S U8 — 24k, 158 FHL-1 5 HIF-1B 354+ HIF-1a, Jing Lin %
NABTE 9 4l i o & 30, FHL-1 A4 ] VEGFmRNA ik,
o HL B 19 7535 - Hubbi 28 A% ¥ FHL-1 FHL-2 FHL-3 7£
A SEUAK A0 1 B 0 r i ) HIF-1o %6 238 M, X 4N i 7R 2
FHL-1 2 £ 4338 i1 55 HIF-1aTAD [X 3804 5k 52 91 &% ; FHL-2
iR HIF-1o0 5 p300/CBP 454 (A SE B, 1 HIF-1a
# HIF-2aTAD ¥ Z1165% p300/CBP ¥4 ; FHL-3 f1E FIHLHIA
AR, HRRESNIE P FHL-1 FHL-3 453 5 #F & i
HIF-1o 955 5535 P 52 2040 1 o 17 [R5 B A (7]t % B3 FHL-1
FHL-2 FHL-3 %} VEGFmRNA &3k #1978 30t o Mg i
HIF-1 4% B B3 A S8 &8, iR FHL 28 [ & 30 HIF-1
W H 93K VEGF PDK1 (3615 THE . %t HIF-1 HIF-2 P2k
1, FHL-2 {{ 85 HIF-1 /EH, 1MANAES HIF-2 4EHH; FHL-1 I
FHL-3 %} HIF-1 HIF-2 35 136 5 8 Tl /E

#% i1 ,LIMD1(LIM domain cotaining protein 1)#{ & it 5
T2 Bt 1Ll ( prolyl hydroxylases,PHDs )24 559, 1fij PHDs J&—
¥ I HIF-1a 23640 VHL, {2 2 3& 28 1) — > 5 50,
LIMDI #j LIM [X $ 55 PHDs #1 VHL 7 3¢, ij FHL-1 FHL-2
FHL-3 )&% LIM X3 MEE, FrUAGES N FHL KERE S
{28t VHL X} HIF-la BYREME . HUERES TS TR FHL Kk

5 HIF \VEGF [ R AHOR T, HIF 5 FHL {288
VEGF §y34, HIF B 5k PH s if iy — B 2 K7, M {5 R
FEWFITRIRA FHL £ B0 7E PH R 8 45 o 55 sh—A~ I 2L 1A
T &k HIF,
3.3 FHL 5&T PH HHEEF

%} FHL %A 43 F Ry L e s i 2 B0 T 2 M
KPR T 76 BAFE A0 A 40 R R v, G AR A AR
D RIZ0 R HA SR 11 B3R ek, 78 PH /N RURS BRI AT i 5 A 3
F12E LR h & B, FHL-1 @55 L cyelinD1 ) & 3K AR M 5
FAm i A T G139, ULHT FHL-1 72 408 97 b g sk
YER  WiEE 23 cyclinD1 SZEEfY, Talinl j& FHL-1 fY—
AEGE Z A VEIAE, Talinl A7 LIM 55 ILsh &\ A 255
X3, Talinl 2—FPEEMAMPEREND, SEIEN B- &4
FAL R A AT E A5 40 P LS 7B A2 2 . Talin
B AN LSRR LSS . B DS . AP 4eRNEhE A,
Hela #fifdf, Talinl F I SECEMARTERL T BESAE KL B /MR
WERG T 4m M rf, Talinl [WIRE A7 S50 45 DI S B 52 BHL AN 2 i
TEREBREES, i H, BRI H] Talinl (235 SREARET 46 £140
JHL IR B A A S A, A A ZE PASMCs Ht, LK Talinl &
FOE A R AGF R AR, P HA{Y S5 FHL-1 2 AHEAEH
B, AT FHL-1 B3 RE. Hubbi (RFST Hik &% FHL 575
7] fig 8 2 MCM g SSAT i HIF, 40 MCM ] L) i
HIF-1a«TAD Jjfg, 1 MCM7 4 HIF-1o & [ i 1 % i ),
SSAT2 ifiid VHL- JZ #4525 A 488 i HIF-1oc SRS R
fiR T SSATI 8 i RACK-1 K #iE 1z 4 hn HIF-1o 5 &K
HPEREARS, FHL % Z R o FHLH FIAFE 45 s HIF-1 Xt
HIF-2 H 3EF AL T A E 4% FHL-1 5 p300 455 1T HE
2440 ETS1 HNF4 P53 #l SAT21@ ix du 4k 5 5 PASMCs
th FHL-1 §y3834 52 HIFs 45—

4 RE

FHL ZRAE PH P EE(R BT G4 , BE VA5 Al i R 3
MARZAR Z W HA P 1EH], FHL 8 H 2 — PR 2
A7 AR ZAHSCHR A TR AR R B 13X il 208 AT i —
AARTE BRI T8 i AN A2 i SR AR, W8 FHL 8 P 7E 2
PR T ROAE S PL AR S REE BSR4 2 FHL K AE PH
FP AR FHG S OR B TS B L XS T PH ) &2 R AL 23k
A AE , X SEk 2y PH AR T RAR & o

& % 3¢ #k( References )

[1] Chien KR, Domian 1J, Parker KK, et al. Cardiogenesis and the
complex biology of regenerative cardiovascular medicine[J]. Science,
2008, 3(22):1494-1497

[2] Chien KR, Domian 1J, Parker KK, et al. Genomic circuits and the
integrative biology of cardiac diseases [J]. Nature, 2000, 407(6801):
227-232

[3] Chu PH, Lu JT, Chen J, et al. Gene-engineered models for genetic
manipulation and functional analysis of the cardiovascular system in
mice[J]. Chang Gung Med J, 2003, 26(12): 868-878

[4] Zheng Q, Zhao Y. The diverse biofunctions of LIM domain proteins:
determined by subcellular localization and protein-protein interaction
[J]. Biol Cell, 2007, 99(9): 489-502

[5] Johannessen M, Moller S, Hansen T, et al. The multifunctional roles of
the four-and-ahalf-LIM only protein FHL2 [J]. Cell Mol Life Sci,
2006, 63(4): 268-84

[6] Hoshijima M. Mechanical stress-strain sensors embedded in cardiac



£ 3584 -

REYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Voll4 NO.18 JUN.2014

cytoskeleton: Z disk, titin, and associated structures [J]. Am J Physiol
Heart Circ Physiol, 2006, 290(4): H1313-H1325

[7]1 Sanchez GI, Rabbitts TH. The LIM domain: a new structuralmotif
found in zinc- finger- like proteins [J]. Trends Genet, 1994, 10(9):
315-320

[8] Ostendorff HP, Peirano RI, Peters MA, et al. Ubiquitination-
dependent cofactor exchange on LIM homeodomain transcription
factors[J]. Nature, 2002,416(6876): 99-103

[9] Michelsen JW, Schmeichel KL, Beckerle MC, et al. The LIM motif
defines a specific zinc- binding protein domain[J]. Proc Natl Acad Sci
USA, 1993, 90(10): 4404-4408

[10] Gian MF,Dario DC, Paolo SC, et al. A family of LIM-only
transcriptional coactivators: tissue-specific expression and selective
activation of CREB and CREM [J]. Mol Cell Biol, 2000, 20 (22):
8613-8622

[11] Ding L, Wang Z, Yan J, et al. Hum an four-and-a-ha If LIM fam ily m
em bers suppress tumor cell growth through a TGF-B- like signaling
pathway[J]. JC lin Invest, 2009, 119(2): 349-361

[12] ShenY, Jia Z, Nagele RG, et al. SRC uses Cas to suppress Fhll in
order to promote nonanchored growth and migrationof tumor cells[J].
Cancer Res, 2006, 66(3):1543-1552

[13] Wang J, Yang Y, Harry HX, et al. Suppression of FHL2 expression

inhibits gastric and
carcinogenesis[J].Gastroenterology, 2007, 132(3):1066-1076

[14] Niu C, Yan ZF, Cheng L, et al. Downregulation and Antiproliferative
Role of FHL3 in Breast Cancer [J]. IUBMB Life, 2011, 63 (9):
764-771

[15] McGrath MJ, Cottle DL, Nquyen MA, et al. Four and a half LIM

protein 1 binds myosin-binding protein C and regulates myosin

induces cell differentiation and colon

filament formation and sarcomere assembly[J]. Biol Chem, 2006, 281
(11): 7666-7683

[16] Duygu S, Mark BB, Steven SC, et al. Reducing bodies and
myofibrillar myopathy features in FHL1 muscular dystrophy [J].
Neurology, 2011, 77(22):1951-1959

[17] Hwang DM, Dempsey AA, Lee CY, et al. Identification of
differentially expressed genes in cardiac hypertrophy by analysis of
expressed sequence tags[J]. Genomics, 2000, 66(4):1-14

[18] Lim DS, Roberts R, Marian AJ. Expression profiling of cardiac genes
in human hypertrophic cardiomyopathy:insight into the pathogenesis
of phenotypes[J]. J Am Coll Cardiol, 2001, 38(4): 1175-1180

[19] Yang J, Moravec CS, Sussman MA, et al. Decreased SLIMI
expression and increasedgelsolin expression in failing human hearts
measured by high-densityoligonucleotide arrays [J].
2000,102(25):3046-3052

[20] Kong Y, Shelton JM, Rothermel B, et al. Cardiac-specific LIM rotein
FHL2 modifies the hypertrophic response to beta-adrenergicst
imulation[J]. Circulation,2001, 103(22):2731-2738

[21] David M, Sven G, Peter Dorfmu ller, et al. Pulmonary arterial
hypertension[J]. Orphanet Journal of Rare Diseases,2013,8(97):1-28

[22] Lewis J, Rubin LJ. Primary pulmonary hypertension [J]. N Engl J
Med, 1997, 336(2): 111-117

[23] Simonneau G, Robbins IM, Beghetti M, et al. Updated clinical
classification of pulmonary hypertension[J]. J Am Coll Cardiol, 2009,
54(1 Suppl): S43-S54

[24] Montani D, Chaumais MC, Savale L, et al. Phosphodiesterase type 5
inhibitors in pulmonary arterial hypertension [J]. Adv Ther, 2009, 26
(9):813-825

[25] Jeffery T, Morrell NW. Molecular and cellular basis of pulmonary

Circulation,

vascular remodeling in pulmonary hypertension [J]. Prog Cardiovasc
Dis, 2002, 45(3):173-202

[26] Giaid A, Yanagisawa M, Langleben D, et al. Expression of
endothelin-1 in the lungs of patients with pulmonary hypertension[J].
N Engl J Med, 1993, 328(24):1732-1739

[27] Yuan XJ, Wang J, Juhaszova M, et al. Attenuated K* channel gene
transcription in primary pulmonary hypertension [J]. Lancet, 1998,
351(9104):726-727

[28] Yuan JX, Wang J, Juhaszova M, et al. Dysfunctional voltage-gated
K+ channels in pulmonary artery smooth muscle cells of patients with
primary pulmonary hypertension [J]. Circulation, 1998, 98 (14):
1400-1406

[29] Weir EK, Reeve HL, Huang JM, et al. Anorexic Agents Aminorex,
Fenfluramine, and Dexfenfluramine Inhibit Potassium Current in Rat
Pulmonary Vascular
Vasoconstriction[J]. Circulation, 1996, 94(9): 2216-2220

[30] MacLean MR, Herve P, Eddahibi S, et al. 5-hydroxytryptamine and

the pulmonary circulation:receptors, transporters and relevance to

Smooth Muscle and Cause Pulmonary

pulmonary arterial hypertension [J]. Br J Pharmacol, 2000, 131(2):
161-168

[31] Marcos E, Adnot S, Pham MH, et al. Serotonin transporter inhibitors
protect against hypoxic pulmonary hypertension [J]. Am J Respir Crit
Care Med, 2003, 168(4): 487-493

[32] Guilluy C, Sauzeau V, Rolli-Derkinderen M, et al. Inhibition of
RhoA/Rho kinase pathway is involved in the beneficial effect of
sildenafil on pulmonary hypertension [J]. Br J Pharmacol, 2005, 146
(7): 1010-1018

[33] Nagaoka T, Fagan KA, Gebb SA, et al. Inhaled Rho kinase inhibitors
are potent and selective vasodilators in rat pulmonary hypertension[J].
Am J Respir Crit Care Med, 2005,171(5):494-499

[34] Guilluy C, Eddahibi S, Agard C, et al. RhoA and Rho kinase
activation in human pulmonary hypertension: role of 5-HT signaling
[J]. Am J Respir Crit Care Med, 2009,179(12): 1151-1158

[35] Semenza GL. Involvement of hypoxia-inducible factor 1 in
pulmonary pathoph-ysiology [J]. Chest, 2005, 128 (6 Suppl):
592S-594S

[36] Tuder RM, Chacon M, Alger L, et al. Expression of angiogene
sis-related molecules in plexiform lesions in severe pulmonary
hypertension: evidence for a process of disordered angiogenesis [J]. J
Pathol, 2001, 195(3): 367-374

[37] Grazyna K, Malgorzata W, Leigh M, et al. Fhl-1, a New Key Protein
in Pulmonary Hypertension.Circulation [J]. Circulation, 2008, 118
(11):1183-1194

[38] Chu PH, Ruiz-Lozano P, Zhou Q, et al. Expression patterns of
FHL/SLIM family members suggest important functional roles in
skeletal muscle and cardiovascular system [J]. Mech Dev, 2000, 95
(1-2): 259-265

[39] Schermuly RT, Dony E, Ghofrani HA, et al. Reversal of experimental
pulmonary hypertension by PDGF inhibition [J]. J Clin Invest, 2005,
115(10): 2811-2821

[40] Fink L, Kohlhoff S, Stein MM, et al. cDNA array hybridization after
laser-assisted microdissection from nonneoplastic tissue [J]. Am J
Pathol, 2002, 160(1): 81-90

[41] Robinson PA, Brown S, McGrath MJ, et al. Skeletal muscle LIM
protein 1 regulates integrin-mediated myoblast adhesion, spreading,
and migration[J]. Am J Physiol, 2003, 284(3): C681-C695

[42] Semenza GL. Pulmonary vascular responses to chronic hypoxia

[J]. Proc Am Thorac Soc,

(45 3588 TT)

mediated by hypoxia-inducible factor 1
2005, 2(1): 68-70



+ 3588 -

REYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Voll4 NO.18 JUN.2014

portable data processing unit for the assessment of daily physical
activity[J]. IEEE Trans.Bio-med Eng, 1997,44(3):136-147

(5] Bak, KT, EHT A TENE B R a1m & 58571
2 540K F41,2010,31(3):716
Shi Xin, Xiong Qing-yu, Lei Lu-ning. Research on fall detection
system based on pressure sensor [J]. Chinese Journal of Scientific
Instrument, 2010,31(3):716.

(6] W m A5k, TF A RE T EARBZREY FRMGRTI]A
W5 A 5 1.42,2012.36(13):131-132
Xiao Li, Fu Wei, Wang Ping. Design of Elder Remote Monitoring
System in Smart Home[J]. Video Application & Project, 2012,36(13):
131-132

[7] 5,58, REH LT = 4hhnid B AF R B AR B m £ 46k
15 52 L[] H AR A.2012.32(5):1450-1452
Wang Rong, Zhang Yun, Chen Jian-xin. Design and implementation
of all detection system using tri-axis accelerometer [J]. Journal of
Computer Applications, 2012,32(5):1450-1452

[8] Roush RE, Teasdale TA, Murphy JN, et al. Impact of a personal
emergency response system on hospital utilization by community-
residing elders[J]. South Med J, 1995,88(9):917-922

[9]1 R J Gurley, N Lum, M Sande, et al. Persons found in their homes
helpless or dead[J]. N Eng J Med, 1996,334(26):1710-1716

[10] B &%y, T4k Akt fos ik mI] b H FEF L&,
2006,25(3):224-227
Zhou Bai-yu, Yu Pu-lin. The elderly fall and cardiovascular disease
[J]. Chinese Journal of Geriatins, 2006,25(3):224-227

[11] Christian B, Frank M. A survey of berth allocation and quaycrane
scheduling problems in container terminals [J]. European Journal of
Operational Research, 2010,202(3):615-627

[12] Henk J. Luinge, Peter H. Veltink, Inclination Measurement of Human
Movement Using a 3-D Accelerometer With Auto-calibration,IEEE
Trans [J]. Neural Systems and Rehabilitation Engineering, 2004, 12
(1):112-121

[13] Maarit Kangas, Antti Konttila. Determination of simple thresholds for
accelerometry-based parameters for fall detection[C]. In 29th Annual
International Conference of the IEEE EMBS, France, 23-26,2007:
1336-1370

[14] AK.Parthasarathy, S.Kak. An improved method of content based
image watermarking [J]. IEEE Trans on Broadcasting,2007,53 (2):
468-479

[15] Legato P, Mazzar M. Berth planning and resources optimization at a
container terminal via discrete event simulation [J]. European Joumal
of Operational Research, 2001,133(3):537-547

(E$% 3584 W)

[43] Bonnet S, Michelakis ED, Porter CJ, et al. An abnormal
mitochondrial-hypoxia inducible factor-lalpha-Kv channel pathway
disrupts oxygen sensing and triggers pulmonary arterial hypertension
in fawn hooded rats: similarities to human pulmonary arterial
hypertension[J]. Circulation, 2006, 113(22): 2630-2641

[44] West J, Fagan K, Steudel W, et al. Pulmonary hypertension in
transgenic mice expressing a dominant-negative BMPRII gene in
smooth muscle[J]. Circ Res, 2004, 94(8): 1109-1114

[45] Jing L, Xi Q, Ziman Z, et al. FHL family members suppress vascular
endothelial through blockade of
dimerization of HIFla and HIF18 [J]. IUBMB Life, 2012, 64(11):
921-930

[46] Hao N, Whitelaw ML, Shearwin KE, et al. Identification of residues
in the N-terminal PAS domains important for dimerization of Arnt
and AhR[J]. Nucleic Acids Res, 2011, 39(9): 3695-3709

[47] Kewley RJ,Whitelaw ML,Chapman-Smith A. The mammalian basic
helix-loop-helix/PAS family of transcriptional regulators [J]. Int. J.
Biochem. Cell Biol, 2004, 36(2): 189-204

[48] Yang J, Zhang L, Erbel PJ, et al. Functions of the Per/ARNT/Sim
domains of the hypoxia-inducible factor [J]. J Biol Chem, 2005, 280
(43): 36047-36054

[49] Hubbi ME, Gilkes DM, Back JH, et al. Four-and-a-half LIM domain
proteins inhibit transactivation by hypoxiainducible factor 1[J]. J Biol
Chem, 2012, 287(9): 6139-6149

[50] Foxler DE, Bridge KS, James V, et al. The LIMDI protein bridges an
association between the prolyl hydroxylases and VHL to repress
HIF-1 activity[J]. Nat Cell Biol, 2012,14(2): 201-208

[51] Ekholm SV, Reed SI. Regulation of G(1) cyclin-dependent kinases in
the mammalian cell cycle [J]. Curr Opin Cell Biol, 2000, 12 (6):
676-684

growth factor expression

[52] Coutts AS, MacKenzie E, Griffith E, et al. TES is a novel focal
adhesion protein with a role in cell spreading[J]. J Cell Sci, 2003,116
(Pt5): 897-906

[53] Ratnikov BI, Partridge AW, Ginsberg MH, et al. Integrin activation
by talin[J]. J Thromb Haemost, 2005, 3(8): 1783-1790

[54] Burridge K, Mangeat P. An interaction between vinculin and talin[J].
Nature, 1984, 308(5961): 744-746

[55] Albiges RC, Frachet P, Block MR, et al. Down regulation of talin
alters cell adhesion and the processing of the alpha 5 beta 1 integrin
[J]. J Cell Sci, 1995,108(10): 3317-3329

[56] Priddle H, Hemmings L, Monkley S, et al. Disruption of the talin
gene compromises focal adhesion assembly in undifferentiated but
not differentiated embryonic stem cells [J]. J Cell Biol, 1998, 142(4):
1121-1133

[57] Nuckolls GH, Romer LH, Burridge K. Microinjection of antibodies
against talin inhibits the spreading and migration of fibroblasts [J]. J
Cell Sci, 1992, 102(4): 753-762

[58] Smith A, Carrasco YR, Stanley P, et al. A talin-dependent LFA-1
focal zone is formed by rapidly migrating T lymphocytes [J]. J Cell
Biol, 2005, 170(1): 141-151

[59] Hubbi ME, Luo W, Baek JH, et al. MCM proteinsa re negative
regulators of hypoxia-inducible factor 1 [J]. Mol Cell, 2011, 42(5):
700-712

[60] Baek JH, Liu YV, McDonald K R,et al. Spermidine/spermi
ne-Nl-acetyltransferase 2 is an essential component of the ubiquitin
ligase complex that regulates hypoxia-inducible factor la [J]. J Biol
Chem, 2007, 282(3): 23572-23580

[61] Baek JH, Liu YV, McDonald K R,et al. Spermidine/spermine N(1)
-acetyltr ansferase-1 binds to hypoxia-inducible factor-1o (HIF-1c)
and RACK1 and promotes ubiquitination and degradation of HIF-1
alpha[J]. J Biol Chem, 2007,282(46):33358-33366



