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(2.5 pg/(kgemin)). 7E5IFME 16 H model 2002 /1Y
1 # 3 LRV PBS. BREE 414k, HAR/NRISE T
L1k B 2.5% =R L E(14 /g PREE IS0 2EA T IRR IV

I %k Z M (Ang 1) — IR L EEW 11 Sigma
A 2002 B SR Alza A W] Trizol,
SYBR GreenER qRT-PCR 7| £ 4 H Invitrogen 2
Al . Adxsi # 1A (SinoGenoMax Research Center).
AdsiR- MR1 Fl1 siRNA-control vector H1H [F 25 2% R}
2P RE e 2 AR SR 2
1.2 ¥

8 SIS HEYE CSTBL/6Y /N B 1 v [ P 2 Bk 27
WAL T EIR RN PR 27 B S S At o . BEDRLES A
J Oy AT TAE B IR R A TR BRA W 5E L.

1.3 5|4

S FE AT A . MR1: 5" AATTCA-
TGGCGGCGGTGGTAGC 3’, 5" AGCTTTCAGGTC-
TGTACTCCAGA 3'; CnAB: 5" AGGCTATTGAG-
GCTGAAA 3', 5 CGGATCTCAGAAAGCAC 3’ ;
Trxl: 5" GGTGTGGACCTTGCAAAATGATC 3/, 5/
GGCTTCAAGCTTTTCCTT 3’; B-myosin: 5’ AT-
GTGCCGGACCTTGGAA 3', 5" CCTCGGGTTAGC-
TGAGAGATCA 3'; HSP72: 5' AACCTAAATGA-
AGAGGGAGGG 3', 5" GTCTTCGCTTGTCTCTGG-
ATG 3'; GAPDH: 5' TTCTTGTGCAGTGCCAGC-
CTCGTC 3’, 5 TAGGAACAGGGAAGG-CCATGC-
CAG3'.

2 A &
2.1 EhRBIRYE L

HEPE C57BL/6T /N L (20 + 2) g, AR T 45 i
P, AR 4 FUNRL T SEERTT 7 R AT Y
PETRFRRIR A, BB /N BRAT R0 B 6 (B4 8
) a ETRIGIT+ B FAE A X 4L b,
siRNA-MR1 +Ang IT ( HH A8 A B2 B i 8 48 2 4,
2.5 pg/(kgemin), WAL 0.01 mol/L BilR I¥) PBS
H1); c. siRNA-control+Ang Il (FHAEA 7 R 23R 2
Jil, 2.5 pg/(kgemin), ¥FELE 0.01 mol/L Ff & (1)
PBS #'); d. siRNA-MRI1+PBS (H1# A ¢ R 42
2 Ji, % 0.01 mol/L fi§%); e. siRNA-control+PBS
(HA AR R 2 B, & 0.01 mol/L K5 IR);
f. B2l Ang IS A (RN RO R 2 )4,
2.5 pg/ (kg *min), ¥ fif /£ 0.01 mol/L i /2 i)
PBS ). /NRFKE, 7E 24 L model 2002 (Alza,
Mountain View, CA ) 74 7 7 §% 0d W 73 76 Ang 1T

PRI 5 /I BT 4 1 058 () M T F B 5B, 75%
CREH R R GE T2, HLHEIRRBYH /N R
J7 BRI LT 0.5 em V)T, AR AR B4 1A
ST ) 43 25 VPR 70 Ang 11 8% PBS 1R 52
WO SGE T AN T, S Rk, WEE
H, Amiddfailnl et 5 RTFARDNRIE LR &7
Jo PR IA] BRI, HEAT S AR S, Ang 1T [R5
FEIEPE MU SR R R (B R 7 238225 LU
PAREET. S —R TR 2 B30y, 0w
B, AR 4 KA RNA, % 4 HE T80T uk4
AT

2.2 RNA #ZEL. HEHRIERSR R AZE

2.2.1 RNA #EH BUFH R NE AL 230 5 & 1.5 ml
BT, N 1 ml Trizol 784> 2) 3¢ 5 = I &
5min. JIA 02 ml &4, & 15s, #E 2 min
Ji, 4°C 12000 g 2.0 15 min, HU LW, I
0.5 ml SEARE. BEPHARERY, ShHiE
10 min, 4 'C 12000 g .0 10 min, ¥ B3GR N
AN 1ml 75% L8, BEWEHDIE. 4C 7500 g B
L5 min, FF EIEW, B, MG E ) DEPC,
H,O Wi If e &

222 BREMFRIE. 01 pg B RNA % 1.5 ml f428 5
LY, 12 Wl 1 T7 B354, H HO ¥k
BANRE) 11.5 pl, 65C A IKHE 10 min )i, UK
S5min. JKEFEINIIATIRRGY) 1, &L, RE
NG 2, IRAJGET 40CHEHAKB T 2h,
T 65°C JEH /K 15 min, AR50k Smin. AW 1
BAREN 8.5 wl, o Sx A — B PP 4 ul,
0.1 mol/L DTT 2 pl, 10 mmol/L dNTP mix 1 ul,
MMLV-RT 1 ul, Rnase flil71] 0.5 pl. &) 2
BT 60 wl, HPh TR IRIEK 153 wl, 4 x %
2B 20 w1, 0.1 mol/L DTT 6 wl, NTP mix 8 pl,
50% PEG 6.4 pl, Rnase il 0.5 wl, JTCHLEERERR
fitf 0.6 wl, T7 RNA Polymerase 0.8 wl, 7% -3-
CTP 2.4 pl.

223 ZACFIVER. KRR R A AS R E 43 A
95C KA ME 5 min, CEERENINAEIE RS A L,
M@ B R, BT 60C 4% 15~20h. RJ55r
S 25K A AR UE+0.2% SDS. 0.1%F7 45 1% 5 4%
#fE +0.2% SDS. 0.1%F7 45 1% £ A5 #E 6% 10 min,
EIR T
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224 KUSbT. RIH RS A TR PR 2
H] 11414 1X Agilent Microarray Scanner(Agilent p/n
G2565BA) 47 {5 lr #1 4, R F Agilent Feature
Extraction 3K F /341 Cy3 DéGum B, &2 Ml An fEAL
JG 10 Cy3 95 5 o LAl > 2 5 < 0.5 3L K%
ISR 2
2.3 EZ RT-PCR 71

ML 2 R, B8 T LA S50V E
S HAE 5l B VA O I SE R g — 2P AT T o &
RT-PCR 73 #fr. SBEZ&AHU1F: ¢cDNA 41k, 50C
30 min; FAZPE, 94C 2 min; A8, 94°C 30 s;
B2k, 55T 30s; #E{H, 72°C 1min, HE(T 40 MG
G4k 4E 72°C I 5 min.  7E RT-PCR Jx W AK 5
A R P RIS I N E ISR 5 [ P R R
B-actin 514, LLEPIEY G- PKIE. ¥ &
15%I NG BE e H Uk 7 25, 18 1T Alpha Imager 2200
B AR OR B4 )5, { ] AlphaEaseFC3.1.2 #k
oy ai R
24 FHITESH

B A B bt 2 (x + )Ron. A =5 H
BRIy 225 TR ¢ KT, P < 0.05 A SR Ml

3 & R

3.1 %iHAIEFE MR1 mRNA RT-PCR 4

1 THiE MR 175 Ang IT 7 I F1 MR1 U0ER 5
ARAL, FRATAAS AL B UL Fh 4 mRNA 24T
£ RT-PCR A, 25501 1.
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Fig. 1 MR1 mRNA expression in each group
of the animal study
MR1 mRNA was induced upon Ang Il treatment (*P < 0.01, group 3 or
6 vs group 1), while the elevated MR1 mRNA expression was markedly
inhibited after injection of siRNA-MR1 through jugular vein (**P <

0.01, group 2 ps 6). Data were expressed as x + s (n=4).
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Fig. 2 Alterations of genes expression in some major signaling pathways between two groups as indicated

Numbers of inhibited genes in each signaling pathway is shown in the left, while numbers of induced genes is shown in the right of the axis. Those genes

involved in each signaling pathway and significantly changed by at least two folds were calculated. Z4: Angll vs control; [l: siRNA-MR1 ys Ang [l .
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Fig. 3 The scatter plot of genes expression profile in group 2 when compared with group 6

3.4 EL Ang IIEiE4H MR1 B OCFAARIEHI
RBEERNITSERA

SR IEPRL R I, 4 205 1 AR G AR
B2 M50 EZESRIERIRIL, 6 415 4 AAHILE R
6 45 1 HAHLLZ SAHEL T 2 4N 6 41/
I 2 2R R IE BRI 50% LA B3 R 1 081 4,
A 90% A EIIFERAT 394, RisTher 2 5L 1
PIFER 1457 4, 10 fi5LL ESERAT 5 4. 2 414

XF 6 AL AT 10 £5 LA R0 22 5 10 AR 3k K E 40 T
1. DUER MR1 = ZEE A H] S O U JFE A5 & L A
MIEIVIEREE (A BRI TN 2B X k. G &
PSS ARG . 5 8 1% A R S5 S R (1 3R
ik, RIETE 2 A5 LA S B A B (1 45
B EAL. THE 10 500 E I SE D 3 EAL S
RITE 1 72 %5,

Table 1 The list of the genes whose expression was changed over 10 folds upon

MR1 silencing along with Ang Il treatment

GenBank Chromosome Genes name
Down-regulated over 90% NM_183137 11 RIKEN cDNA 2410002101 gene
NM_007576 1 Complement component 4 binding protein
NM_022879 11 Myosin, light polypeptide 7, regulatory
NM_011314 7 Serum amyloid A 2
XM_129769 1 Carbamoyl-phosphate synthetase 1
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Continued
GenBank Chromosome Genes name
NM_025540 9 Sarcolipin
NM_011610 4 Tumor necrosis factor receptor superfamily, member 1b
NM_011990 3 Solute carrier family 7 (cationic amino acid transporter, y* system)
AKO050812 16 Mus musculus 9 days embryo whole body cDNA
XM_142008 20 G protein-coupled receptor 15-like, PGR15L
AK005439 20 DNA segment, Chr X, Baylor 18
NM_032541 7 Hepcidin antimicrobial peptide 1
AKO013007 4 RIKEN c¢DNA 1810030N24 gene
NM_010168 2 Coagulation factor Il
AK086046 10 Predicted gene, ENSMUSG00000065996
AKO035018 5 NIPA-like domain containing 1
NM_028317 2 RIKEN cDNA 2810030E01 gene
NM_175534 7 MAS-related GPR, member E
NM_181849 3 Fibrinogen, B beta polypeptide
AKO082413 20 Mus musculus 0 day neonate cerebellum cDNA
NM_009117 7 Serum amyloid A 1
NM_017371 7 Hemopexin
NM_175392 2 RIKEN cDNA 5730472N09 gene
NM_009654 5 Albumin 1
NM_019578 4 Exostoses (multiple)-like 1
NM_027052 15 Solute carrier family 38, member 4
AKO041279 5 G protein-coupled receptor 133
NM_183190 19 Membrane-spanning 4-domains, subfamily A, member 5
NM_011458 12 Serine (or cysteine) peptidase inhibitor
NM_029502 11 Calcium activated nucleotidase 1
NM_007954 8 Esterase 1
NM_133862 3 Fibrinogen, gamma polypeptide
AK044114 4 RIKEN ¢cDNA B230208B08 gene
AKO006756 1 RIKEN c¢DNA 1700020N18 gene
NM_145942 13 3-Hydroxy-3-methylglutaryl-coenzyme A synthase 1
AKO015140 16 RIKEN c¢DNA 4930414N08 gene
NM_175564 1 Transmembrane protein 169
BC062654 2 GNAS (guanine nucleotide binding protein, alpha stimulating) complex locus
AA623690 12 Transcribed locus, strongly similar to XP_001098801.1, similar to ubiquitin-like 5
isoform 1
Up-regulated over 90% NM_010479 17 Heat shock protein 1A (HSP72)
NM_009992 9 Cytochrome P450, family 1, subfamily a, polypeptide 1
AKO080564 7 Deformed epidermal autoregulatory factor 1
AK037343 9 RIKEN cDNA A1300008004 gene
NM_011126 2 Palate, lung, and nasal epithelium carcinoma associated
3.5 RT-PCR #&MEE FRiE KT (B-myosin). A /Lo MUIE 5% /0 1 BAT-1 16 485 3 4o

AL LS AR 3L R, AR 4x 4 ZEEREE B(CnAR)FI LI IR T OV ULAE S K 2 A B4
SUNBURC LS RNA, 855 500U EAHIE RIS B 1 1 (Trxl) LS R 50 28 1 Hsp72,
PR, Qo U EbR SN 2 — 1 B- WIEkEE [ HE47T T & RT-PCR £, 25K 4. 5. 6 A1 7.
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Fig. 4 Quantitative RT-PCR result of 3-myosin

Data were expressed as x + s (n=4). **P < 0.01 »s PBS control.*P<0.01

vs Ang Il only. 7: PBS; 2: Ang Il ; 3: Ang Il -siRNA-MR1; 4: Ang Il -

siRNA-control.

1 2 3 4

Fig. 5 Quantitative RT-PCR result of CnA

Data were expressed as x + s(n=4). **P < 0.01 vs PBS control. *P<0.01
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vs Ang Il only. 7: PBS; 2: Ang Il ; 3: Ang Il -siRNA-MR1; 4: Ang I -

siRNA-control.

Relative Trx]1 mRNA level
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b
n ' 3
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Fig. 6 Quantitative RT-PCR result of Trx1

Data were expressed as x + s(n=4). **P < 0.05 ps PBS control. *P<0.01

1

vs Ang Il only. I: PBS; 2: Ang Il ; 3: Ang Il -siRNA-MR1; 4: Ang I -

siRNA-control.

*
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Fig. 7 Quantitative RT-PCR result of Hsp72
Data were expressed as x + s(n=4). **P < 0.05 ys PBS control. *P<0.05
vs Ang Il only. 7: PBS; 2: Ang Il ; 3: Ang Il -siRNA-MR1; 4: Ang Il -
siRNA-control.
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E 34 B 2 T (P < 0.01), (HAEZEDTER MR )5
T3 mRNA RIS KA I35 R B (P<0.01 vs
gl Ang TT#EH41), 1M siRNA-control ¥ & 2 3 ¥
AW 32 w0 Ang 1T /E Hl )5 B-myosin B¢ CnAR [
Kik.

MK 6 FTEH, Trxl 7 Ang I /£~ 5 PBS
VETE A LG IR S N T (P < 0.05), HZAEDTER
MRI1 J& Trx1 ) mRNA Fik 7K H B0 225 T
(P<0.01 vs 541 Ang Il #EJE4), 1y siRNA-control
TSR B35 %m0 Ang TT1EJH )5 Trx1 (k.
Hsp72 (¥ 4% 3% th W 82 52K Uk 3181 7). Hsp72 7E
Ang T /EF N L N T iy, (H A AEDTER MR1
J& Hsp72 1) mRNA FK A K148 I 2 2% T
(P<0.05vs H20 Ang Il #E7E41). [FFE, siRNA-
control VEST 21 A W 520 Ang 1 /EH 5 Hsp72
ML,

4 it it

Ao I A 5 AT 88 2 1 1 thE S 1) 2 AR T R A
T /O JUUAE J2 2 5 38500 0L 265 9 93 B0 T 1) — A i B TR
. e R 2R, AU R A5 5
HAT TR ANEFLE, (H4A KB T 2, R4
SR ) L TG B (0 25, T R T R R S B
FIA B- B LR ZAZARPHA B AE RS IO LR
J2, HRFEARTEA. KRR O 15 FHL
T HRAIGTT O WUIE JE B S Ty Hh 2. JRAT
CAHT ) R A TAE LA AHESOUE B, MR1 A] g2 0
il Ang I BTECC LIRS K —AN BT 67

Ang IT1E R B 3 - U5 Rk R RA M E Y,
FEC IR JE S L B e R F B AE . Ang Il
Wl A A 2l s A 110 L 40 RO UL A0 i A K TR
¥, AU SR ) A e, LA PRI
S OB A B A 2 1, I PR SE 5 4 AT 4
HH I 5 T 3% P e Bl A T 750 A e o 1 s 249>
VLB BT A 250, I 7 30 O [ LAE S AR T
BRI S 5 Ang T ARG R, BATSEHTT
S AAUESZ, MR1{E#E Ang 115 S 19O ALIE RS
I TG IO RE. FEARBEF T, BAT T Db
Ang [T 7EHEVE /N B C57BL/6Y 355 7 O JULIE JE R AL,
HERAVEAr =ML s — P, Angll £
NS T MR1 220 L RIS,

AWETU I A SR R I DUER MR BEA 200K
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A Ang I 5 SO WUIEEAR CIE R 1S 1) R IA
I Ang 1T 5 5 ONUIEJZ 1 20 FHLHIER A T 871
kR, BREW, YIER MRI1 AT Ang 11 51 1)
HOWUEJEA & PPAR {555 T 432141555 LA
S ML~ WO 4 5645 5 T8 B 2 DA G i A4k, i
—3GUFB T MRI1 7€ Ang [T BT 800 UUIE JE A %05 5
TERFOCHEN. (EAE R, SReA
YRR PPAR 15 54> 111 Ang I 40K 1AL,
L ILAD SCHRHR I 58 4 — 0. 5452 MR1 KR IA
SEM RS RE IR . R T A
TRMBEE, LA ONUEEARE 5 T ANP 25,
[AHEI] T MR I SE LR (1 IE W, X
SRR 2 2 5 7O WUAE JE IR R A A Jieis),
MR-1 X AR TR [ 72 J i 400 2 1 45 A e 7
HEERIEN RN, R, HaThe S N4 A
IR AT K. Tiak, ARESCE IRARGE T MR1
i1 5 Z AR mTOR AH A5 5 2 MM C &R, #
7K MR1 0] B8 2 5 1 150 A LA 77 1 4
RIGARTIES, A5 ST Pt T8 SR .

B AR IR 2 5 O U R B A 3R AT P
AR GRS IR Y Y R 00, e 2 B IR I A —
AL BT (CnAYFT— AN 5 W B (CnB) 4L B 1)
SRR IR, AR RGN I A A S TR
() YERF LA K B A B R vp 28y e P A AR
CnA 17 3 A L2 [F] T H§: CnAa, CnAB H1 CnAy,
Horp CnAy S ATHRA M), CnAa Ml CnAg 1
A7 AR T HAl K6 4 28 5 A 2. T CnAB
(calcineurin A beta, CnAB) 4 CnA 3 /A~ Y o i
—ELO B 5 5 M K IR 209, CnAB- 3516 T 4i
MR I AFE T 0L E L. I T
Mg, =5 0NUREHIUIER . et o 4n i
B P A Az vem, - LA 4 I PR 6 468 22 o LA JEE 11
FHOGHE DR, unats o5 R A 38 (ANF) i E ik (BNP) |
JVLEREE [ RS (B-MHC) S5, ABFFTUE B PRI MR1
(1) 2 I F1 B A5 45 1 A 2 IR B B (CnAR) &K IA 1 B
%, DRTEHEN MR-1 T e Ik 7% A 4205 18 ol 26 50 1 Pl
M2 Ang I 5 10O VU JE.

TRAURET T 1240 N T Z PR, BIR
AL N IREEAL T J5UIRES, AEN LA AL T
0L T 2IA . 4SS 1 ] ResE g
Ras-MAPK it 2% 41 il Co UL IE JFE 2020, K177 i 4 3 2
11 O LR JE R 2 A B — R BL ], AR 4
WHEE 122 P A5 AH AR A48 s 50l
PR A, B AEE B I IR I R e D B AL IR

AR, T AU B 1 R R 2 b
FORRS, i DA AR i 15 80 A A 0 8 TR TR 12 2
KIRI), (AW hdE— 04338 THESE. HSP 241
JOAE NASOAEE T BT A — LR 5, mT g i
PINEEE T, S LAt 20 i P B St S A2 RORE 5 A i
IVERT, ATE40 A o s s 22, AT B2 i e
73, FEARE LE S BT SR UIE S I Hsp72
FAIKEY, i Tanonaka %527 B, Hsp72 Bed il itk
o JUUBE ZE 5 [ 4o 7 368 3 1) i J R0 I Wi 4 1) i Bt
3, =55 b Hsp72 Reilil i & ok & 11 % 2001
22 AT O S LIE B2 1) R A2 81,

KA Ang I JLF-RELE AT AT 140 M S 28 s B Ak
R, JIf HiEMEAZ 5% Ang 10T NF-«B i
0L, T AT S W AR UE W) MR ]38 i Ak
NF-«B 1Mfife 2t Ang I BT8O HUIEE, #2787 MR1
WATRE S 5T LA N A AR N, AR S R
RLANH MR Ji 7] 75 S b0 UL A G377 6%
FOREE I 1 FTHSP72 ERIA, HE— P uEse 71X
MR1 583 GAAIE SR WY 2 TR G R

B2 BAT L5 FAUE I MR1 & g — AT
A il Bk 2R I BT B0 WUIE R (9 3 B 4y - e
ML RETAEE DR BRI Ang I T 3T
Ao JUL I JEL 38 425 190 &% vh MIR T 0 LA A 5 388 % DA 7 1)
HEXR.
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Gene Expression Profiling Study of Angiotensin II -induced
Cardiac Hypertrophy in Response to Silencing MR-1"

DAI Wen-Jian"?, ZHANG Man", CHEN Jin-Jing”, WANG Yi-Guang?, KONG Wei-Jia"", WANG Zhen""
(" Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences, Beijing 100050, China;
2 Hunan Environment-Biological Polytechnic College, Hengyang 421005, China)

Abstract Myofibrillogenesis regulator] (MR1) was first identified from a human skeletal muscle cDNA library
in the laboratory, and the previous studies have proved the role of MR1 in Angiotensin I (AngIl ) -induced cardiac
hypertrophy both in vivo and in vitro. However, relevant underlying molecular mechanisms of MR1 in Ang [l
induced cardiac hypertrophy remain to be elucidated. Gene silencing of MR1 by adenovirus-delivered siRNA
approach in mice was used, and microarray analysis of myocardial gene expressions was compared before and after
MR1 silencing along with Ang [l treatment. Significant changes of genes expression in several pathways, such as
pathways involved in cardiac hypertrophy and mTOR signaling etc., were observed between the two groups.
Furthermore, genes that were changed by 10 folds after MR1 silencing were totally listed, with 39 genes being
down-regulated and 5 up-regulated. To further verify the microarray results, some of genes that are suggested to be
closely related to cardiac hypertrophy were detected by quantitative RT-PCR. As a result, HSP72 and thioredoxin 1
(Trx1) expression were increased, while the calcineurin Phosphatase B (CnAB) and B-myosin (B-myosin)
expression were suppressed upon MR1 silencing. These signaling pathways and genes are closely correlated with
cardiac hypertrophy induced by Ang II . The alterations of relevant pathways and genes may help understand the
molecular role of MR1 in Ang [l -induced cardiac hypertrophy.
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