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[ABSTRACT] AIM: To investigate the effects of erythropoietin (EPO) on the proliferation of rat cardiac fibro-
blasts induced by angiotensin Il (Ang II ) and to identify the roles of phosphatidylinositol —3 — kinase/Akt (PI3 — K/Akt)
signaling pathway and nitric oxide synthase (NOS) in this process. METHODS: Neonatal rat cardiac fibroblasts ( CFs)
were isolated by collgenase, trypsinase and technique of differential attachment. EPO, Ang II , LY294002 ( an inhibitor of
PI3 -K), and L - NAME (an inhibitor of NOS) were added in related group respectively. Growth curves of CFs were es-
tablished by cell counting and methyl thiazolyl tetrazolium (MTT). The levels of nitric oxide (NO) , and the activities of
NOS and its isoforms were measured by chemical enzymic method. The expressions of Akt, p — Akt, endothelial nitric ox-
ide synthase (eNOS) and inducible nitric oxide synthase (iNOS) were detected by Western blotting. RESULTS: Ang I
markedly enhanced the proliferation of CFs. The NO level in CFs culture fluid was increased and the proliferation of CFs in-
duced by Ang I was suppressed by EPO in a dose dependent manner. After 4 d of administrations, the proliferation ratio
of CFs was suppressed 24. 4% , 41. 5% and 50. 5% by EPO at doses of 5 x 10° U/L, 1 x 10* U/L and 2 x 10* U/L respec-
tively. The expressions of phosphated Akt, p — Akt, and eNOS were all up — regulated by EPO. The effect of EPO on NO
was blocked by LY294002 and L - NAME, and the suppression of CFs proliferation induced by Ang Il was diminished
similarly. However, LY294002 also down — regulated the expression of eNOS but the L — NAME had no effect on it. CON-
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CLUSION: EPO suppresses the proliferation of neonatal rat CFs induced by Ang I in dose dependent manner. The sup-

pressive effects may be due to up — regulating the expression of eNOS and enhancing the production of NO via activating the

PI3 — K/ Akt signaling pathway.
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WLARRE B AR BN AR R OB s 8 s IE
WAL, DU S B T 4 75% WA,
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40% 0> I RRET 4 4} ( cardiac fibroblasts, CFs) &>
JE% B B At o O LEE A0 WLEF 44k AR
Z D IERR R B RS , X e e L H A E R
CFs )34 58 LA K% & ) 40 i Sh 6 i ( extracellular
matrix, ECM) ™ | [l 4 %3¢ & 1 (angiotensin II ,
Ang 1) fe #F CFs 358 AR & MM EHIEH &
FD L FERLRRAY O LB R AN IR B8 0 Th
BEAERIRA, B R - M8 R KEK RS (renin - an-
giotensin system, RAS) BJELTE , L4 Ang 1T G2
LRI B AR AR, XL I CFs F 3
FE AR R R AR O LA L SR B e A . DAAEXT
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Sprague — Dawley 2| L (A4 1 -3 d) e F}
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(Merck, Calbiochem) FB§iSEENLEE — 3 — ¥ % ( phos-
phatidylinositol — 3 - kinase, PI3 — K) #l i 5]
LY294002 ., — & 1k A & B ( nitric oxide synthase,
NOS) il f N - i % - L - AR FEE (N (G) -
nitro — L — arginine methyl ester, L - NAME) | P4 Ff 2t
B A M £ ( methyl thiazolyl tetrazolium, MTT) ( Sig-
ma) , £F 4% 327 [ ( Fibronectin ) . ¢ T2 & 5 ( vimen-
tin) .o - L3N H (a-actin) & LA K& SABC ¥ 2H
i & (RO EAYM TRARAR) . EHHE
B B(Akt) BERRALHE B #ES B(p - Akt) (N Y
— 4 1k & & B ( endothelial nitric oxide synthase,
eNOS) Fifs 4= A —F 4L & A B (inducible nitric oxide

synthase, iNOS) S R 2 Fe R b A4 (JL R AR A4
PHEARARAT) , BRSSP BEEEEDR 126
& ( Proteintech Group, Inc. ), NO FI NOS 5 44
WiaR) & (P @ AR LREE SR ), 1 B s J5i e
B /N I 1E (newborn calf serum, NCS) F1 Dulbecco
BB Eagle 55353 ( Dulbecco modified Eagle medium,
DMEM) (Invitrogen) ,
2 DERAEMBENSEIEFNEE

THEFM TS TS NECT 2L RO, 37
FL BRI , BEERSE rh B e R4 FR I, BY ALY
1 mm x 1 mm x 1 mm FJ/NER,0. 125% HIEEEFT 1 /L
VB I B R B AR A TH Ao MRER TH AL 1000 x g
. 8 min, & 10% NCS ) DMEM 35353 5%
CO, AR 37 C1 h, 22 M BE P R MG BE 1.0 AL
MM, ¥ 2 90% @& L b, 0.25% Jig B F
0.02% Z — % M4 Z B8 ( ethylenediamine tetraacetic
acid, EDTA) b, SLHNH 2 -3 40/, 4
MR K )5 FH e 21 4k SABC 3£ %5 42 Fibronectin I
vimentin fH{E  a-actin FAHE , $IESE R AT 4E 40 0
3 XBHAE

3 Jy%t 4L EPO THi4H 10 " mol/LAng 41,
EPO(1 x10°.5 x10° .10 x 10° .20 x 10° U/L) +10~’
mol/L Ang Il £H.10 ° mol/L LY294002 + EPO(1 x
10* U/L) +10 77 mol/L Ang I ZH#1 10 * mol/L L -
NAME + EPO(1 x10* U/L) + 10 " mol/L Ang I 4,
& Ay g [R] —HE 40 L, 0l 0T 6 fLAlh . 4
HEITHECH MTT SZE6EF 1 x 10* cells/well, 48 Western
blotting #: AT LA 2 x 10° 4 HEFFF 50 mm M,
4 ZHpEITHER MTT

# CFs LA 1 x 10* cells/well #F 6 FLARH, H4H
5 7L, Lk 10% NCS # DMEM ¥:3:3L 5% CO, 845
F137 CHEFE 24 h, #58 0. 5% NCS DMEM 35353 [A]
Ak, 24 h J5, & EiR S H 53 IR E T 12y
%) ,EPO . LY294002 F1 L - NAME 7£ Ang T ZHj1 h
A 454255/ 0d.1 d.2d.3 d.4 d 4
THEROT 25 8. MTT SRR RS2 50 7 5%,
H2Hs 6 fLAR K 96 FLAR , 45:-FL A0 HE 1 20 e Hc 2
H4 x10%cells/well, ZEANZEH0 d.1d.2d.3d4d
TR . BILIMAWKE R S ¢/L MTT 20 uL,iEE
4 W5 REFEFRW, A 150 pL — F S ZAR ( dimethyl



sulphoxide, DMSO) , ¥ /K _E &% 15 min, 7E 490 nm
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% CFs Dk 5 x 10*cells/well FF 24 LA, LA
10% NCS DMEM 3% 3: 3 5% CO, § 487 37 C 1538
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Ja ¥ LR g 5 A A [J B T $ 25 4, EPO,
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NOS {EHEFATR S5 501 #2450 AR HERR Fy i
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b AR BT S T B AR YR EE
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ride, PVDF) i b, &P 2 h, 1: 1000 St B
Akt p — Akt F1 1: 800 eNOS.iNOS Z i[&Hiik 4 CiT
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Gt AR B2 4 B) B R R O 22 20T, 4L T B A
g K%

# =X

1 ZHRET8IER

AR R SR A5 2 CFs A=K IZoRE , Ang 1T
Xf CFs R34 FEfE AR, A25)556 4 d, Ang T4l
Xf FRAH A FE 48 5 T 83.3% (P <0.01), EPO
TUIR) R M ] Ang [T H53HY CFs B45H, 1E4
B4 d,¥kE R S5 x10° U/L.1 x 10" U/L F1 2 x
10* U/L EPO X} CFs [k 23Rk 3] T 24.4% .
41.5% F150.5% (P <0.01) , L& 1A, PI3 — K #j4i]
# LY294002 F1 NOS #1411 L — NAME 3 & FH 7
EPO X} Ang I1i75 5K CFs SEFEMHIMER, LI 1B,
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Y BE 5B 2 (R REAR, N EPO W B2 B4R B NO ¥k
&, 0] Ang IT FFE A, 58 B BE 7RI 2 X 38 T fom 52 o
X EPO ¥k EERF] 5 x 10° U/L B, BV 2 fE B 2 3
Tl NO ¥ (P <0.01) o PI3 — K 353 LY294002
1 NOS #1137 L - NAME 3768 B 2 F# K CFs #5373
F NO Hy¥k B, B 0855 EPO Xt NO By¥k BE4R THIO/E
LB 2,
4 NOS FEHKRNER

£ NOS 1E R A 25 R o, B NOS TEPHEFIBE 5%
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iINOS ()75 PE7E £ 20 3 NOS 35 M b B o Fe 491 34 %
/No Ang T THi5F, IEH K cNOS J& MM &I, [F 6t
cNOS MyiE L EEE i, EPO [RIFE AT LA & NOS
BN TR, BEEHB R BRI £
RIAHT_EFRATWI AT LB R, EPO Xf iNOS f 35 P30 i
EF M B, R e R B IS T cNOS M HE .
PI3 — K #%i3] LY294002 b B & [ 30 ] cNOS 15
P, L 58 PHWT T EPO X} cNOS 1% M e #-/E
L - NAME WIfif & NOS F14% 3074 i) 35 P 35 [ = ARAK
MK, R 1,
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Tab 1  The activities of NOS and its isofroms in each group
(10° U/L, Z +s. n=8)
Group Total NOS iNOS c¢NOS
Con 1.132+0.039  0.134 +0.007 0.998 +0.051
E10 2.257 £0.152* 0.108 £0.009 2.149 +0.143"
Al 0.879 +0.078* 0.298 +0.014 0.581 +0.041*4

AE1 0.903 +0.804% 0.267 +0.021 0.636 £0.0574

AES 1.875+0.142*4 0.211 £0.017 1.664 +0.149*4
AE10  2.375+0.147*4 0.204 +0.016 2.171 +0.187*4
AE20  2.479+0.201*4 0.195+£0.013 2.284 +0.203*4

AEIOLY 0.913 +0.813*4 0.236 +0.026
AEIOLN 0.573 +0.318" %4 0.213 +0.015

0.667 £0.056**
0.360 +0.017**4

* P <0.01 vs group Al; P <0.01 vs group AE10; P <0. 01
vs group Con. Con:control; E10:10* U/L EPO; A1:10 ™" mol/L
Ang 1 ; AE1:10° U/L EPO +10 " mol/L Ang Il ; AE5.5 x 10°
U/L EPO + 1077 mol/L Ang I ; AE10;10* U/L EPO + 107’
mol/L Ang T ; AE20:2 x 10* U/L EPO + 10~ mol/L Ang II ;
AEI0LY ;10 ~° mol/L LY294002 + 10* U/L EPO + 10 7 mol/L
Ang T ; AEIOLN: 10 * mol/L L - NAME + 10* U/L EPO +
1077 mol/L Ang 1.
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Fig 1 Growth curves of CFs by cell counting and MTT (x +s, n=8). A and B: cell counting; C and D; MTT. * P <0. 01 vs group
Al; *P <0.01 vs group AE10; “P <0. 01 vs group Con. Con:control; E10:10°U/L EPO; A1:10 " mol/L Ang Il ; AEI ;10
U/L EPO + 10" mol/L Ang I ; AES:5 x10° U/L EPO +10 7 mol/L Ang II ; AE10:10* U/L EPO + 10" mol/L Ang I ;
AE20:2 x 10* U/L EPO + 1077 mol/L Ang Il ; AEIOLY: 10> mol/L LY294002 + 10* U/L EPO + 10 "mol/L Ang II ;
AE10LN;10 "* mol/L L. - NAME + 10* U/L EPO +10 7 mol/L Ang 1II.
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Fig 2 The level of NO in each group % +s. n=8. *P<0.01 vs
group 10~ mol/L Ang II ;

control.

B2 &2NORIRE

*P <0.01 s group 1 x 10*
U/L EPO + 107" mol/L Ang 1T ;

4P <0.01 vs group

5 Akt.p — Akt,eNOS #1 iNOS & H Western blot-
ting 5%
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EPO f/E R T B 4% fn. 72 A PI3 - K 41 i 57
LY294002 J5,eNOS ik B8 /0 , EPO B/ A #% BH.
Wro iNOS fIRIEM A K, Ang 1T BEFRAHIG N H:
ik, EPO 1 LY294002 Xt HARMMMHIER-, T
W2 PI3 - K i 57] 1Y294002 i& & NOS #ji ] 51
L - NAME ¥ gEFH®r EPO HIFERT, WLIE 3A - C,
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Fig3 The expressions of Akt, p — Akt, eNOS, and iNOS in
each group by Western botting. x +s. n=8. The A value
was justified by B-actin and the A value of group C was
defaulted as 1. The A value of each group was the ratio
as compared with group C. Bar graph of A only displayed
the value of p — Akt. * P <0.01 vs group Al; *P<0.01
vs group AE10; 4P <0.01 vs group C.
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ERHARG G B EFEERE BN AH
B XAE B AT Y 20 B 06 75 1 5 3 7 B B 45 1 AL
BIFE A R R 4 AR R ECM SR8 E 47
o BIEEMMGE R, 4 441 i v] fed I 1
HR, XHHAFFURFFER WA 68, R
RHAHEHRREBX B RS RE—BE#T, 464
MFREEAFAE , XA S BT 4t VU, R B AT 4
Mg i B T 72 A 108 s JUL AT 4 AL B B kB
wh, CFs 2 25500 40 i , o B2 48 5 2 X o 3
BUB KRBT . NIEME R .0 LG JE A 41k
WREEFBEEE: RFEFRSHF — B R (cyclic
guanosine monophosphate, ¢cGMP) = 4= i 4 Jii .0 5
FIPREM K (atrial natriuretic peptide, ANP) 0 figi #1] R
&NAK (brain natriuretic peptide, BNP) | # ik & 45 .NO
LK Ang 11 #) AT2 %Z{k, NO - cGMP {55 BKEREE
TR 3L A B L HL L, 45 NO - cGMP {5 5 & X
Ang 11 f30 ) 5] BEAE V677 O LI IR (O LS 4E 4k
H—HREE S B BFSE R B, EPO gl i
PI3 — K/ Akt feffi.C JLAR A H eNOS 3R35 LA K BERR AL
AR NO f A R o %5 B2 EPO A1 1 i 42
NOS &% NO, i1t NO — cGMP {5 538244 CFs f
Ha5H A A R B RO LA 4L IVE R

AWFFEE A 40 M B0 MTT HI7E 20 i A < i 26
RPEAL CFs $FH R B2 AL , 45 R — B IESE , EPO i
il T Ang i W CFs 193458, H BA W B 5 &
WiitE . 7EFBTXT 4540 NO A B 1% L 647 A Rzl
WFRB, A PR 0 52 B 4 b AR 4K 52 30 # ok B B
BAE,EREBE. DERPIRCIESE, NO BEE
il B 2 20 B 0 P 0 LA B, NO R 4
H A WO, 3 25 i B T S BRI L ( sol-
uble guanylate cyclase, sGC) ,8R)5& i cGMP 3 &%
YRS . O THRITHAMSE 15 55 AL, 15
HIN T PI3 - K #5157 LY294002 Fi NOS #jiI5 L
- NAME, h F EPO B4 4H R LY294002 + EPO +
Ang 4701 L - NAME + EPO + Ang I 44}, NO ()
WEXHEAMET Ang 14, [FE,LY294002 il L
- NAME W.3BH W T EPO 11| Ang 11553 CFs 3
FEMIYER . PI3 — K 414 5] LY294002 JL-F- 4 ¥ BH W
T EPO ({2 NO & BL1E A, i Ui B B0E PI3 - K/
Akt 55 @BRH EZMHLH

Xf eNOS F1 iNOS Fy 4 I 3 AT 7T LLFE 2, 78
EPO il T Ang I /5% CFs ¥5%8 1) i 2%, EPO &
# NOS 5P EZAET eNOS X TEAY, X%t iNOS
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WK, EPO 6 PI3 - K J§ FE R {2 Akt BEER
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IR, NOS J2& Ca®" 145 1 & H 4K 41 9 B, 40 i 9
Ca®" YR BE 38 i Bt 5| AE J09 00 o (ELBRAE IR PR, 7E 3T
Akt fEHE, MR T E Ca®* MBHEANS 5. B
T PI3 — K/ Akt 38 %, {23 eNOS #9335 R 4.0 L
W RARE O MR ALE T . X NOS I 1
M 25 R0, H RS A NO vk B A8 fb— 3,
o T BIERATESE H NOS & 37 B 1% 1 i 5 100 , FRATTXF
HIEW#— B WA, S5R B, EPO R i &
B cNOS [3E #, INOS B b REA B, NOS 5 =1~
EF, ¥y AL LA O JIE AR U B kT, eNOS Al
nNOS R MM RRL, AHRETE —ENENE
PORYEFFIEH AEFEVLEE, EATEFRN cNOS, Lo
i) cNOS LA eNOS ik i 4 K £ %, nNOS J2 i 21 41
I RATRL, iNOS iR, 76 A 38 ) 4% 14 30 3
THBKBEMIFEMNEL, RITWIZHRERER,
EPO {23 ) 22 oNOS TE M. T 0k cNOS
DL eNOS K3k 4 48 K 2 %, AR 25 Rt 7,
eNOS FE H R B M N2 FEM, K IR w7,
EPO {23 cNOS {15 1 FE 2@ 3 T eNOS [

FERE AR S 6 F1 B {0 IR A Langendorff i Fr)
M FEFER RIS, EPO #7] LUE i #0% PI3 - K/ Akt
HE BB L MR o CFs 780 LR L
TV 545 R0 JUE A PR EE B A S 4E L, (R AE
EPO LRI BT, £ R R B R e O L4
M, HETAR/D AR CFs b, s2he b, UL E K
EPO ZAFKkHIEH K, M CFs | EPO Z{AFK KR
ODIGIRAE 5, EER TaOAEE, AFRE
YHIESE ,EPO BEfEIE TS PI3 — K/ Akt {55 R 1257
BRI Ang 11 1ES ) CFs M3 7E, 5 EPO
H L EGR B G 3R T X — BT AL o
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