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[ ABSTRACT] Aim In order to investigate the relationship between integrin-linked kinase (ILK) and proliferative
capacity of cardiac myocytes, we observed the expression of ILK and cyclin DI in cardiomyocytes of Sprague-Dawley (SD)
rats at different development stages ( embryonic, newborn, adult and old). Methods Hearts of SD rats at different
development stages (fetal day 16, postnatal day 1, 3, 7, postnatal month 2, postnatal year 1, 1.5) were used to study.
Real time polymerase chain reaction (real time PCR) and Western blot analysis were used to assess ILK and cyclin D1 ex-
pression. Results The expression of ILK in myocardial tissue decreased progressively with aging in SD rats.  Expres-
sion of TLK was the highest in the fetal life (16 days gestation) , and the level of ILK tended to be stable at 2 month after
birth.  Expression of cyclin D1 was positively correlated with ILK content. Conclusions The altered ILK and cyclin
D1 parallel normal cardiac development, and expression of cyclin D1 is positively correlated with ILK content.  ILK may

be correlated with proliferative capacity of cardiac myocytes.
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1.1 SREEhRSE

SPF ( specific pathogen free) 2 Sprague-Dawley
(SD) KR, s ER s Lo P o3, B AR
WRAKABWN TR S (EEE 16 X HAERE
IR3RTR2ANFENLSHE)2NTH,F46
R ERIR)
1.2 #RARE

B & e R R R RS, BT 1 mL EP 4
H, -T0CHFKE A,
1.3 Western blot #ill.0xALZA 4R 11K, Cyclin D1 A9
‘FRKFE

BL40 mg &AL AR K E S E, N 4R
Z 4% [ 10 mmol/L Tris-HCl (pH 7.2),150 mmol/L
NaCl,0. 1% + = }¢ 2 51 B 44 ( sodium dodecyl sulfate ,
SDS) ,1% Triton X-100,1% 3 4 2 B 44 ( sodium de-
oxycholate, DOC) , 5 mmol/L 7. Z f& 1 7, B ( ethyl-
enediamine tetraacetic acid, EDTA ), 1 mmol/L
Na, VO, ,50 mmol/L NaF,0.2 mmol/L 7 ¥ Z 7% Bt 7,
( phenylmethanesulfonyl fluoride , PMSF) 1 & & B $f
%1 71 38 & 4 ( protease inhibitor cocktail, 14 EDTA ,
Roche 2+ 8] ) ], 7k £ E 7% 40 min,4°C |12 000 g & &
1% 15 min, BUE 7 & B VAR, BCA & A MK
7 & (Pierce 8 )M E AWK E, B40 pg THEEA
B B, R 10% R B AR B I K UG I8 45 K 2
h ¥ & & # £ — & 1L # J§ ( polyvinylidene fluoride,
PVDF) i (Millipore A & ) +,5% s #5# [ 2 h, — 3L
[/NEL ILK 258 40K 1:3 000, BD 2 & 5 %470 40
JiL 8 H 2 & D1(Cyclin D1) ¥ 5% [£ 44K 1: 500, Bio-
world A & ; F 30 B-AL 31 & A ( B-actin) B 7 £ F1 1K
1:1 000,Santa Cruz /A & ]37°C ¥ & 4 h, TBST ( tris-
buffered saline and tween 20) %t &, — 40 [ 4 7  #&
ARt # b 4 BF ( horseradish peroxidase , HRP) #7718 #)
FH/R 1g6 1:2 000, F % IgG 1:1 000, %31 F

IgG 1:2000, ¥ F BB E A FRAE %] =%
M H 2 h, TBST 3t &, T & d 3 ATH BB L 2O
% (enhanced chemiluminescence, ECL) ( Millipore /2
)RR THERAF LB, ERE&W XA
Quantity One % 24 # 1+ ( Bio-Rad /A ] ) 247 &
KB KA & B A 5 R — K B-actin £ Y
KB &R,
1.4 EBEE PCR &0 ALA LR 11K, Cyclin D1
mRNA Fik

ARG AL 22 100 mg, A2\ Trizol ( Invitroge /A
)ik 7 3% B & RNA, A PrimeSeript™ RT iR 7| &
(TaKaRa /A7) ) 3# # 5 4 & ¢DNA Jfl F ILK . Cyclin D1
K B-actin FE A # 2R & B 4% K I (polymerase chain reac-
tion,PCR) % 3%, JH PrimeScript™ i 7| & ( TaKaRa 7
H) ) B 4| 5L # & & PCR (real time PCR) X M i, % JH
ABI PRISM 7500 Real-Time PCR {X ( Applied Biosystems
/N8 AT real time PCR K J, it 5k CT {H, % A
245034+ [LK mRNA F Cyclin DI mRNA # 484t %
k&, 514 F 7. LK E JF 5-CAACCCTCATCACA-
CACTGG-3", T # 5’-GCCATGTCCAAAGCAAACTT-3';
Cyclin D1} 3% 5'-GCGTACCCTGACACCAATCT-3', T i
5'-GCTCCAGAGACAAGAAACGG-3'; B-actin b J# 5'-
GTACCACTGGCATCGTGATGGACT-3', T % 5'-CCGCT-
CATTGCCAATGGTGAT-3',
1.5 Sit=4biE

Fra# B e s R, DB ERRARLERY
Z 90, LK 5 Cyclin D1 89 & & K F & F F K F 45
HATHR T, PrA ST % 24T B SPSS 18.0 # ¢
&P <0.05 J Z 7GR FE X,

2 # R
2.1 ARERKEZEHEBERXEOCES LK B RIZE
&5

SR E 2 PCR 455 7R . ILK 1Y mRNA 7K 78
R (A2 16 R) DALAH S pi s, AR 1 KT
LRIV T B I A BRI 14 35 T aze s 20, DA AR S
57 Ktk TRoE, K e (42 16 X) ILK
mRNA 7RI (2 H) B 18 5 (1), West-
ern blot il 45 5 5 PCR 45 R AHAL, B ILK 78 KR
IRRGII (42 16 ) 1.0 JIE i ek K S die iy, B R
R FEAL, ERAE (2 7)) iR TRE, b e
BI(Z2 16 R)ILK M AR 2 mAE (2 H) 9 3.
3FE(E2) , XL RIRAERBOIAEREE T
AP PEREA TLK 263500 TR,
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B 1. XHEE PCR BUKROHEERKEZFILREF ILK mR-

NA RIZEW (n=6)  akP<0.05, Gl A HLE,
Figure 1. Real time PCR showing ILK mRNA expression of

3x

rat hearts at different development stages (n =6)

FERREA 1R 3K 7X 28 1# 15%

- . - e - o O0DE

B -actin S G Ghs G- = = === /3 Da

ILKE B #HE X Rk K F

0-
FERREA 1K 3Kk 7X 28 1£ 155

B 2. Western blot #Ml KR OREAKEZETLRES K EH
RIEZEW (n=6) a2y P<0.05, GHi—MHI]A HE.
Figure 2. Western blot showing ILK protein expression of

rat hearts at different development stages (n =6)

2.2 FAEEKEBEHEXBOER Cyclin D1 FRi%
1F5

SEIRE i PCR 453 78 ; Cyclin D1 ) mRNA
AKFTEIRIRI (42 16 K) DA i, A TS 1
KA YR B 3 RIFHEE TR, 2
A s 2 AT, P IRAGH Cyclin D1 B mR-
NA KA (2 A) By 7.7 £5 (&1 3) . K
MRS PCR Kl g5 R AHARL, B Cyclin D1 78 K B
R (22 16 K ) .0 i v Rak fer, M A2 5 1
RKIFHmE R, = e 7 Kia T, Hp g
] Cyclin D1 & K2 BRI (2 A) By 11 £
(El4), $&RT7E RBRAFA K L EH BB, Cyelin D1
RS ILK SRS
2.3 AEEKEEHMBRKRBROHES ILK 5 Cyclin
D1 RIEKFRMEKED M

¥ ILK 5 Cyclin DI 1) mRNA £k (18 5A)
M PR K G (K 5B) 200 FE T AH 0B 45 2R 0 -

=0.828,r=0.934,3 P <0.01,4#/% ILK 5 Cyclin
D1 FyZFIAKF R IERG

Cyclin D1 mRNARJE YT 3£ K F

0
BERRER 1X 3% 7X 2R 1£ 15%

B3 XMEE PCREUAROCHEERZELER Cyclin
DI mRNA RiZZEWX (n=6) a N P <0.05, 5§ — ] &
HAL

Figure 3. Real time PCR showing cyclin D1 mRNA expres-

sion of rat hearts at different development stages (n =6)

BERRER 1X 3K 7X 28 1£ 155

LK G O e —w e o~ 50KDa

Cyclin D1 e s v 37kDa

B —actin . e G e o= — = /3Dy

1.0q
0.84
0.6
0.4

0.2 a

Cyclin D1& AT RIEKF
[

0.0~
FERg#l 1X 3%k 7X 28 15 155

& 4. Western blot #&ll K R0 AE £ K & Fid #2 H Cyclin D1
BARZBEZEW(n=6)  akP<0.05, GHT—H0] A LE,
Figure 4. Western blot showing cyclin D1 protein expression of

rat hearts at different development stages (n =6)
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it L S LA A 3 A e A A
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r=0.828,P<0.01

Cyclin D1 mRNAKJEXT Fiksk F

0 2 4 6
ILK mRNAR#E3H 357k
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0.2

Cyclin D1&E A A3 FRIXKF

0.0

ILKE B #8%T RiEKF

B 5. ILK 5 Cyclin D1 B mRNA 7KF (A B) REHKFE(B B)HEEMRX

Figure 5. Cyclin D1 expression was significantly correlated with ILK content

A JE ARG — B L s 0 WL
HRAEIR G DA T R 3G FE B B, AR TR A A (R
FKHT R, NEL R 1 AH) HIGFERE T W% TR,
P RAF I R E R A PR AR R, AR A X — AR
HIRATHE SD KIS B (22 16 X) JFrAE (il
A 1.3.7 K) JBARI(2 A) KB (1.1.5 4F)
4 N REH AN 7 A BUE O LS, B West-
ern blotting AL B % 7 PCR W4 R 7 EE A I T AN (]
AREBRBRECHET LK FRIEKF, SR K
AR BONAER KT BPERA ILK (3RA T
], 3 50 LA L 58 e ) n 22 A kS A [R]

SR IB AR 1 DY 2 200 ] S0 5 DG S ) 9 B
T2 "0 A AR A A S 41 IR 2 F (et
inoblastoma pocket protein, pRB) 2R A2 #t 21 i J&] 5
Gl AW S %Ak, i Ja 2 4l i 38 58, Soonpa
SUIWEET Cyelin DI FER BULIEAR Ko 72 i 2
HZRIBIHN, 455 & B Cyclin D1 (A8 FKFEAER AR
Wigem AR 1T R TR, ZRAENCAEREIR, XS
O UL 3 5 RE 1 AR TR S A — B, Brook %'
AR LA L FE H A S5 AN A BV S 48 e &) 3 T
5 Cyclin D1-3 S M RIB T REA G, HINE B
FER I FIE Cyclin DI A2 HECNLANA DNA A%
BT ok 7 e R ¢ ] Cyclin D1 5.0
LAY HG B RE A OG . TEAR LI T IRATT A BRAE R
UL HERAE K R B 1 B AEBEA Cyclin DI AY3RIA
TR X5 ILK 1335728 (b A ALY ka3
I} WA ILK 15 Cyclin D1 B9S2, FRATXF PR 52
if g i PCR 4551 Western blot 25 543 il 4T T A
Kot AR LB ILK 5 Cyclin DI YRIAKF- 2 IE
FHOC, BN ILK 5.0 WLAH AR 58 6 7 AH G

AT LB ILK % A @ FR T F 9 Cyclin DI
7K, TR s b B A M A 3 58 AR g —

WURF5E 2RI ILK 235 w407 Cyclin D1 ByKIA , me
SECET AN RE S N O A E AR
b, Liu 250 L AR 3T3 40, TLK X6 1/ 6
H K I F ( platelet-derived growth factor, PDGF) 155
i Cyclin DI 35 F1 DNA & 2R, X R
ILK Xf Cyclin D1 BA3 — & my 85 EH , 9 A 1LK-
Cyclin D1 35 4038 FE A ¢, FEASSE I 3R
15 B B ME HP Y TLK 2638 7O H AR e U
fi%, 7 H ILK 5 Cyclin D1 135K PR IEMHSE, H
SR AT AR U LA 254 B i 7 0 3R T
Al fiE5 ILK-Cyclin D1 18 B9 T A 5,

ARSI AT R AL R RO IR AR K R R
TR TLK Y2635 B, X 5 i 7L sh 40 WL AN i
WS RE 1 B AR LA AT — 2L, FFH LK 5 Cyclin
DI MYFRIEZKF- R IEAHDE, $87R ILK AT R 5.0 L2
WBRE A K B2 m23A ILK RERSAE R0
R A X TG B2 ST

[ &% 3k ]

[1] Laflammel MA, Murry CE. Heart regeneration[J]. Na-
ture, 2011, 473(7347) . 326-335.

[2] Bersell K, Arab S, Haring B, et al. Neuregulinl/ErbB4
signaling induces cardiomyocyte proliferation and repair of
heart injury[ J]. Cell, 2009, 138(2) . 257-270.

[3] Kuhn B, del Monte F, Hajjar RJ, et al. Periostin induces
proliferation of differentiated cardiomyocytes and promotes
cardiac repair[ J]. Nat Med, 2007, 13(8) : 962-969.

[4] Hannigan GE, Leung-Hagesteijn C, Fitz-Gibbon L, et al.
Regulation of cell adhesion and anchorage-dependent
growth by a new beta 1-integrin-linked proteinkinase[ J ].
Nature, 1996, 379(6560) ; 91-96.

(5] 3 P, B &1, & tr. REGEC IS L2 2%
BRERMRIB N LT]. S KEE A,



CN 43-1262/R " [HEshfikaifb A ids 2013 4F56 21 555 1 1)

15

(6]

(7

[

(8

[

(9]

2010, 18(5) : 367-370.

Bendig G, Grimmler M, Huttner IG, et al. Integrin-linked
kinase, a novel component of the cardiac mechanical
stretch sensor, controls contractility in the zebrafish heart
[J]. Genes Dev, 2006, 20(17) : 2 361-372.

E LA, MUK, B K, B mARINE S RKIEEMIRT
R BRI S BT A 55 o W D RE R e [ )] vh [ 3l
KAk 2%k, 2011, 19(5) : 380-384.

Hannigan G, Troussard AA, Dedhar S. Integrin-linked ki-
nase: a cancer therapeutic target unique among its ILK
[J]. Nat Rev Cancer, 2005, 5(1): 51-63.

Gagne D, Groulx JF, Benoit YD, et al. Integrin-linked ki-
nase regulates migration and proliferation of human intesti-
nal cells under a fibronectin-dependent mechanism[ J]. J

Cell Physiol, 2010, 222(2) : 387-400.

[10] Terpstra L, Prudhomme J, Arabian A, et al. Reduced

chondrocyte proliferation and chondrodysplasia in mice
lacking the integrin-linked kinase in chondrocytes[ J]. J

Cell Biol, 2003, 162(1) : 139-148.

[11] Porrello ER, Mahmoud AI, Simpson E, et al. Transient

regenerative potential of the neonatal mouse heart [ J].

Science, 2011, 331(6020) : 1 078-080.

[12] Leu M, Ehler E, Perriard JC. Characterisation of postna-

tal growth of themurine heart[ J]. Anat Embryol (Berl),
2001, 204(3) . 217-224.

[13] Bicknell KA, Coxon CH, Brooks G, et al. Can the car-

diomyocyte cell cycle be reprogrammed? [ J]. J Mol Cell
Cardiol, 2007, 42(4) : 706-721.

[14] Soonpa MH, Koh GY, Pajak L, et al. Cyclin D1 overex-

pression promotes cardiomyocyte DNA synthesis and
multinucleation in transgenic mice [ J]. J Clin Invest,

1997, 99(11) : 2 644-654.

[15] Brook G, Poolman RA, McGill CJ, et al. Expression and

activities of cyclins and cyclin-dependent kinases in de-
veloping rat ventricular myocytes[ J]. J Mol Cell Cardiol,
1997, 29(8) : 2 261-271.

[16] Liu P, Lu J, Cardoso WV, et al. The SPARC-related fac-

tor SMOC-2 promotes growth factor-induced cyclin D1 ex-
pression and DNA synthesis via integrin-linked kinase

[J]. Mol Biol Cell, 2008, 19(1) . 248-261.

(S )



