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[ E] BRI R (erythropoietin, EPO) SRAHEIRIF R BLODIBERIARSCHLS], Foik MMk SD KB 40 H KNS A
IEH XTI IEH+EPO T-HiZH BERSaZ BER+EPO T, 4540 10 H, SRAMEIRY B R S B PR e | s oh
J& A TR +EPO TR FWERE+EPO T HZH K UL it EPO 1000 [U/Kg, 1EH % IR AR RIGAL: T 5 A 3K, A
JA 1R AR 12 J BT MORIREA 245 7 o, kR it RS % | B AIfL 5 B, RS o BEREN O DIRE , RT-PCR 1254347 A B8
AN EN 78(glucose regulated protein78, GRP78) M Ca>-ATP fiff (SERCA2a)F1 EPO Z{&(EPOR) mRNA Fik/KF,
Western blot £7R#5M GRP78 ,SERCA2a F1 EPOR #E[FRik, 53R IEHXIRAFNE R +EPO T-H4LZ 8], .OTI6E MU (g 1AL
GRP78 SERCA2a il EPOR & HZRR/K I TCHA B 225 (P > 0.05),, 51EH X IRAUANIEH+EPO T A b A PRI ZH K SR M 20 0%
Aol B AR R N RE (P < 001), MUBEATIMAS A 7455 (P < 0.01), 220 Z L JJLZHZ GRP78 mRNA Jak A B WA (P <
001),SERCA2a #l EPOR mRNA MR FGAH I/ (P < 0.01) , SHEBRIFZEAR 1L  WERIG+EPO T-FZH A R 153450 b Ao U 38 St 4
SR BN (P < 001), 22D 5P ik AR BA AR B B/ (P < 005), 220 2 W48 AR A A2 B BN (P < 0.01), 20y 4120 GRPT8
mRNA K2 HFEE T (P<001),SERCA2a Al EPOR mRNA K2R HFEE BHIN(P < 0.01), £5i8: EPO AR BERR R RO
TIBERIVER , AL AT BE I WL ST R, BB PRS A SO L SERCA2a Fl EPOR RIS,

(KRB ] MBS ;AR LL A A: R 5 A BT ; GRP78; SERCA2a 5L UL
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Mechanisms of erythropoietin in protecting cardiac function in diabetic rats
Lu Jing, Chen Bing,Zhu Yuehong,Fu Cong,Feng Yi,Yao Yuyu”
(Department of Cardiology ,Zhongda Hospiial Affiliated to Southeast University ,Nanjing 210009, China)

[Abstract] Objective:To study the mechanisms of erythropoietin in protecting cardiac function in diabetic rats. Methods; Forty
male SD rats were randomly divided into the control group,the control-EPO group,the diabetic group and the diabetic-EPO group (n=
10 for each). The diabetic model was induced by streptozotoein (STZ). In the control-EPO and the diabetic-EPO group,rats were
treated with 1 000 IU/kg EPO by subcutaneous injection once per week for twelve weeks. At the seventh day after the last
administration , echocardiography was conducted. Blood samples from tail vein were collected for blood glucose and red blood cell
numbers measurements. After rats were sacrificed , myocardial tissues were collected, quantitative real-time PCR(RT-PCR) was used
to detect the mRNA level of GRP78,SERCA2a and EPOR, and Western blot was used to detect the protein expression of GRP78,
SERCA2a and EPOR. Results; Compared with the control and control-EPO group,in the diabetic group,ejection fraction (EF) and
LV fractional shortening (LVFS) were decreased significantly (P < 0.01),blood glucose was increased significantly (P < 0.01),the mRNA
level and the protein expression of GRP78 were increased significantly (P < 0.01),the mRNA level and the protein expression of
SERCA2a and EPOR were decreased significantly(P < 0.01). EF and LVFS were increased significantly in EPO-treated diabetic rats
(P<0.01). Diabetic rats receiving EPO administration showed a significantly decrease in the mRNA level and the protein expression
of GRP78 compared with the diabetic group (P < 0.01). EPO treatment significantly increased the mRNA level and the protein
expression level of SERCA2a and EPOR (P < 0.01). Conclusion: EPO treatment can improve the cardiac function,which might be
related to the inhibition of endoplasmic reticulum stress, up-regulating of the SERCA2a and EPOR expression.
[Key words] diabetes mellitus ; erythropoietin ; endoplasmic reticulum stress; GRP78 ; SERCA2a; myocardium
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RAEZ—12 WO U o 181 52 2% | 6] PN A5
R RS 0L T R, 55 2 155 0z Rk 0
JULTE] BT A S B A DGR

WEFER I, HE PRI O LA 5 9 37 384 (endo-
plasmic reticulum stress, ERS) 2 [ &2 WA I 81 78
(glucose regulated protein 78, GRP78) F& k34 il , ## IR
o R B PN 5 AR IR, 5 SO LA B 55 2 - e i
BT AL G I O LA IR AE S P T A — R
GRS S g R 70 ) R AN b
HI TR Ca?-ATP i (SERCA2a) H T, 33
W SR ES RO O AR D RERE B . ERS F:3
1) SERCA2a £ 13235 T JE7EME B O LG 1 5 21
A FRALH R T R AR T LA A R
(erythropoietin , EPO) J&—Ff 322 fy 5 JIE 4310 110 A X
Oy T BN 30.4x10° BB, EPO 5 EPO 2 A
(EPOR) £ & J5 P0G F 8o {5 S 0d B% , RAFHIR HUA
b BTS2 R 5 i TCOCHH SR 4B A VR H]
S AL BEAEIFSE & B EPO 75 20 M PRIR R FRO
WEEF IR ICE I TIRE®, {H EPO HCEE S IR O LR O
IReRIBLTHI A TERE

ARSI DA RIS K BRI ] EPO B2 R T
55, 0% EPO X0 ML ERS IFEH

1 #EFT %

1.1 ##

TR AR IENE SD KR 40 H IR (2357 £ 150)g,
EEZPN WNE /M e 7/ STt

HH N EPO (UL FH = A=l 2547 FRA 71 ), B IR A
2 (STZ,Sigma A A, £ H) APTK R EPOR At
KB GRP78 fudi K Bl SERCA2a P 5 FEH A (Santa
Cruz A F), EH) 2P TG (RBP4 YR &
JBA R F]) ;Trizol B{H & ( Invitrogen 24 H] , 2
Al ),RevertAid First Strand ¢cDNA synthesi Kit (Fer-
mentas A A, ),

visual Sonics Vevo 770 B0 HER/Nshi B 5 &
4t (VisualSonics 23 A, IIEK) , ML 41 M 7 #1412 BC-
5800 (YL Hi /A 7 ), One Touchll il Y (ROCHE
Z5HEl, FE),PCR L (MJ Mini opticon Real-Time
PCR System, Bio-Rad /A ], 32 [H)
1.2 Fi&k
121 #ERIRK RALA GG 3 3 Fo 520

etk SD KR 40 H AT (235.7 + 15.0) g, RiiAl
A3 RIEH N IR IEH +EPO T TR B IR 2H b
FRIF+EPO T Hid, 420 10 B KBRAS R 12 h )5, 88
I ETEST 1% STZ 65 mg/Kg,72 h 5 & ik % 1.
I RE LU = 16.7 mmol/L AR B A PR A
R YEBING , IE % +EPO T HZH FUBE RS +EPO T
FiZH KB F 5 EPO 1 000 1U/Kg, 1F % 4 1RZH
FUHEPRIGLL K T I SRR A K, B 1R,
12 4,

1.2.2 s Zhgesem)

KRG )5 7 d, KREEREE, 8080
K 22 0 = &7 5k R W N 4% (left ventricular diastolic
dimension, LVDd) . 2.0 F W46 KW N 1L (left ven-
tricular end-systolic dimension, LVDs) . 5 Ifil 53 %% (e-
jection fraction, EF) 177 0> %8 %6 il 47 55 2K (left ven-
tricular fractional shortening, LVFS)

1.2.3  dobE e g Fo o AL 2

TR CERRING ) BRIRG S 7 d
(LTI R 1T ) e i TR I, 000 It AR | I 0 I
TR,

1.24 KRS LARA B &

K ERALFE J5 B O, BT BR R4S, FH PBS o
Ve DIEFRE G, BB O 0 RF L, 7 1l
203, VIR AT, | /R MR A
1.2.5 RT-PCR #] £ %3 JLLL LR GRP78 SER-
CA2a #2 EPOR mRNA %1k

Trizol VAFRHLE RNA, %% 545 1 cDNA,PCR 4
1 GRP78.SERCA2a 1 EPOR #:[X /B, PCR 514
R A R A PR A FA B, 5 I A R P 51 Al
P8 7= 4 K /N K .GRP78,5' -GTGCAGCAGGACAT-
CAAGTT-3'F1 5'- ACAGTCACAACTGCATGGGT-3,
194 bp;SERCA2a,5" -CAGCTCACTGTGTGAT GTGG-
3"l 5'-AGACTTGGCTGATGGCTTCT-3", 188 bp; E-
POR,5' -CAGCTCGAAGGTGAATCAAG-3" F1 5 -
CGTCCAGGAGCACTACTTCA-3' ,196 bp;GAPDH,
5'-TGTTGCCATCAACGACCCCTT-3' 1 5'-CTCCAC-
GACATACTCAGCA-3",202 bp, L8645 R 7 tE
i PCR 238k Bio-Rad CFX Manager #7401 A1 T
B, L H MK GRP78.SERCA2a B EPOR 5
GAPDH ORI LB FRR B IR R RA A
1.2.6  Western blot #& @ £ & % 40 22 GRP78.SER-
CA2a #= EPOR & & &£

¥ Bradford YA€ 8 & &, HIHL 10%
SDS-PAGE E FLEER LK , HL%# 2 PVDF % [,
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J I W5k B P IS, A 1:400 i BE G S TR R
GRP78 .SERECA2a il EPOR 50 EHIIAR  4°CiT 7k,
VRIS FEAINA HRP FRic i EHT % 1eG W5, BRI,
B IS PE BRI &G, FE I = el G fSEAE X 2k
TFEECHE TR A R, 45 RAE Tmagetool {543
BT R G T AT RO BE 40 BT, 45 % 5 Bractin (NS
HEO) 253 WG S 22 HE R 28 AR 5
127 S MBAF/RN £ FHLE EPOR &4
5T Fe ik

RBUGIE ZUb 2 20 ik EPOR (1:100) 7E45
HONHLI I3 IS, PBS WA T 5
R U i, B AR G 3% S AL S AL HE T
BABE PR, 43 B IR R i SR B EPOR $iiAk
(—¥%),37°Ci R, hn HRP FRic B LU 16 4t
R (=#1),37°C 30 min, DAB W(0,, FR R Z & Y bk
WHEE A, 7F Image Pro Plus 6.0 KU T 24 I, &
sk R FE PR 10 ASHRET , I HOF Yol B A
Mean Density (I0D SUM)/Area {ER 8 FARXT A &
13 %it$5 ik

SR SPSS17.0 Geitdt, S SBIIVI S hnifi
Z(x £ 5)FR, HRSBICBER T 225001, 11w
RHE B) AR FH R R 25 2250 Hr , AL T P R LR
Turkey post-hoc K555, P < 0.05 NZEFAG AR,

2 7 R

NI G 2 EPO T 12 J8 5, 1IEF X HRA |
IEH +EPO T T4l MR AL B R I +EPO T Fii 4l
FEIE KA 10,108 F19 L 5 IE & X R 4L AN
IEH +EPO T T2 AH bb, O PR 41 K B EF (B AN
LVFS {1 & TR (P < 0.01), Lo LB B (P <
0.01) , A PRIGLL K FRUAH EL PRI +EPO T4 K
FUEF {E A LVEFS {E ] 2349 (P < 0.01),LVDd B 2
W8/ (P < 0.05),LVDs B3 &8/ (P < 0.01), O A
B S/ N (P < 0.01,26 1,8 1),

2.2 EPO 348 ks K SR 4 22 R 64 %o

EPO T-HlfT,4 41 KR Z A E T B 2 5 (P
> 0.05);EPO T-1ii 12 JilJ5, HERIG+EPO T4l K
SRR BB R I BN (P < 0.01), &S, b
PRIFAL . BEPR+EPO T2 K SR AE Al A5 vk
WIEHEXTIRA | IEH+EPO THHM BT & (P<
0.01);EPO Tt 12 Jil )5, bR 20 FUHE R + EPO
T K BRI A LS 5 EPO A JG B B ARk
(P> 0.05), 5 1E % Xt B ALRIE % +EPO + Fil 4[] 7
TEW 222 (P<0.01), EPO T-TRT, 4 2H K B 1400
WX EES (P>005);EPO T 12 JH)5 ,4 4HK
S AL 4l e B 225 (P> 0.05,% 2).,
23 EPO 348 fm kK R £ F S UL GRPTS,
SERCA2a #= EPOR mRNA & ik #9%)vf

EPO T-1i 12 JiJ5, 5HiE# X4 FIE# +EPO
FIRLAR L, BERGZK BL GRP78 mRNA 3k 1 i

2.1 EPO x#8 fkgm K RS ) 4869 %0 JH# (P < 0.01),SERCA2a #1 EPOR mRNA # ik B

£ 1 EPO T 12 BFC AT gee )

Table 1 The detection of cardiac function after 12 weeks of EPO treatment (x xs)
24 EHMIRAH (n=10)  IEW+EPO THI4(n=10)  BERIEAL (n=8) BERIG+EPO T 14 (n=9)
LVDs(mm) 4.49 + 0.32 4.56 + 0.24 4.57 £0.73 3.72 + 0.3444
LVDd(mm) 8.45 + 0.43 8.43 £ 0.37 7.28 +0.78 6.39 + 0.414
EF(%) 76.24 £ 2.54 75.54 £ 1.76 63.71 + 4.39*# 72.23 £ 2,744
LVFS(%) 4575 £ 1.54 46.05 £ 1.61 33.31 + 5.08** 4236 + 2.4344
/R (mg/g) 3.15 £ 0.17 3.19 £ 0.17 4.14 £ 0.14** 3.46 + 0.2444

HIER XA, *P< 0.01; 5IEH+EPO T AR, 'P < 0.01;; SHHIRIRAL HLELE, 4P < 0.05,44P < 0.01,

A ERXTREA B, IEW+EPO T4l ; C IR HG4H ; D . BEIRAG+EPO T HiH
1 EPO T 12 B &AXREALEE &K

Figure 1 The images of echocardiography in different groups after 12 weeks of EPO treatment
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Table 2 General characteristics of the animal model in different groups

(x£s)

B IEEX A (n=10) IEH+EPO THd (n=10) WERRIHA (n=8) HMERIH+EPO THIA (n=9)
A (g) 518.83 = 21.39 515.25 = 26.71 198.50 + 18.24*" 230.00 = 15.344
FLAA M (mmol /1) 4.58 + 0.26 4.56 + 38 4.70 + 0.32 473 +0.29

2K K (mmol /L) 473 £0.22 465+0.2 25.64 + 2.44%* 2429 + 1.13**
HiE RBC(102/L) 8.18 + 0.71 8.05 + 0.45 8.32 £ 1.25 8.37 + 0.99

£K RBC(102/1) 7.87 £ 0.87 7.95 £ 0.53 7.90 + 0.95 7.98 + 0.89
TG(mmol/L) 0.68 + 0.10 0.60 = 0.08 1.37 + 0.27* 1.39 + 0.30**
TC(mmol/L) 1.74 £ 0.10 1.78 £ 0.20 245 + 026 2.44 + 030"
HDL-C(mmol/L) 1.23 £ 0.16 1.30 £ 0.23 0.8 +0.16™* 0.74 = 0.11**
LDL-C(mmol/L) 0.76 = 0.11 0.74 + 0.09 1.02 £ 0.13* 0.93 + 0.09**

SIEH XA AL, *P < 0.01; 5 1EH +EPO THIZH LB, P < 0.01; SH RIS UL, 4P < 0.01,

W RBE(P<0.01), SHEPRIFA R ERAR L B RIB+EPO
T-#iZH GRP78 mRNA FikH /b (P<0.01),SER-
CA2a Fl EPOR mRNA FikB B FH5 (P<0.01), H#
1EH I ANE H+EPO THid & (P< 001,18 2),
24 EPO ¥ fim X R A F S LLLLR GRPTS,
SERCA2a #= EPOR %& & & ik 49 %%
EPO -7 12 J& )5 , Western blot %1 , 4 IR I
ZH AR O WIZHZ GRPT8 25 6 A3 1E %t BE 2 A
IEH+EPO T4 B 7+ (P<0.01),SERCA2afl
EPOR 5 1 #3831 % BEZH A IE % +EPO T il 4l
BRI (P < 0.01) , SHEFRIGLLAE L, B8R+ EPO
T-Widl GRP78 Rk TR (P<0.01),SERCA2a
F EPOR M E AW R FE (P<0.01), HEIEH 4H
X RRZHANE R +EPO T4 (P < 0.01, [ 3), s
ZHALKN , EPOR 2R T O LA B s 2R
S IZHEY EPOR k8 1E 4 %f BEZH AN IE % +EPO +
FiZH W] /D (P < 0.01) , SHERIGALAR LL , BEIR GG +
EPO Tid] EPOR FikW W F 5 (P< 0.01), 5I1EH %t
2.0 7

GRP78 SERCA2a EPOR

1 IEH0 B2 ;2. IEH +EPO T-T2H ; 3 AW ;4 PRI +E-
PO THidl, HIEHMIRALLE, "P<0.01; 5EH+EPO T-HidlLk
BE,'P < 0.01; SRR LA, 4P < 0.01,
B2 EPO X#ERMHKRRAOEDAALR GRP78,SER-

CA2a 71 EPOR mRNA FiA R0
Figure 2 Effect of EPO on mRNA Level of GRP78, SER-
CA2a and EPOR in diabetic myocardial tissues

HRZLANEH+EPO T2 Fes, Jeie i i 22 5% (& 4)
3 it i

W R 5 U LI 2 W PR R8T 1) 20 BT &
i 22— W R O L 2 i & P ) TR 4k & Tk
RSN KL M BEfs 25 5 R AE TR O T 5, A
THGEAE STZ 1753 O WE I s R RS R rh & I AE Hp L
e AN LR 12 G, O AR 75 45 R /R B IR
s KBGO E EF B R RE GO Z YR, AR 3,
DUJRER R FRE,

PR T P 2 PN T s i A BT, 2 PN o
I Ty fig ZE LI , AR AT B s R AT B 0 8 1 R N
I A HERRIRHEE S |2 ERS™', GRP78 B4 h ERS #ic

GRP78

SERCA2a
EPOR

B-actin

B M Rk

GRP78 SERCA2a EPOR

1 IER XA ;2. IEH+EPO 14 ;3 B IRIRAL ;4 . B IRIF+EPO
T, SIEH %A, “P < 0.01; SIEH +EPO T-Hi41 Lk, P <
0.01; SHEIRRA LA, 4P < 0.01,
3 EPO Xt#ERFRARZOEDAELR GRP78,SERCA2a

#1 EPOR E B RIZHIZ T
Figure 3 Effect of EPO on protein expression of GRP78,SER-
CA2a and EPOR in diabetic myocardial tissues
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A IEF XL ; B IEH+EPO T 14 ; C MEPRIZE ; D MERI+EPO T 1, SIEHLHILAEL, *P < 0.01; 5IEH+EPO 4 ILEL, P < 0.01; SHHRINA

HA: AP < 001,

B4 EPO XHERBEAREZODEOIELS EPOR BEFRIEHRN (SREHWL ,x400)

Figure 4 Effect of EPO on protein expression of EPOR in diabetic myocardial tissues (Immunohistochemistry ,x400)

Yz —, ARWFIELE R R B R R RO WL 2
GRP78 mRNA FlfE 3R IA W 1N, $27R ERS 25
TR O WU A B R | ] R A T O IR O
WU Lo Tl BERE A ) R R 22— B SIMF S 2 B e A
T ERS FEWE IR 0 IUE ) & A LR J i AR v
AR,

SERCA2a J&—2 B R IK F.0 WA i AL
()5 R 1, 32 B TR AR O T 5K 0K 4 A 2 v
(1) Ca*ZE AWK P2 ASWFSEIERR 4 R A B
WL SERCA2a kB 2 TR, EISMIFTE & IHE R
KB SERCA2a £ [ 335 T R0l B85 8 B A
12 ZAb A 14 SERCA2a 2635 F 2 S 508 IR s
O UK B TEZ R T Craig 5515% B Exendin-4 7]
DL i s m IR BT OO NLANAE ERS, 34 SER-
CA2a 35, Mrat O WLAR M (WS 4 &7 Sk THRE

DMEIA R, EPOR {UAFTE T R LL R 40, ik
AR IE 2 B, FEAR Z2 AR 3 i 2 2L RN 4 b, e
MERG, ARG, FESEWA EPOR Fik',
EPOR 7E=IE 1 1fil 25 2R 20 B rb iy Dy e AAE AL il it
FEE MM EL . Weng S5 R JUBIFE R FRAHY th
KB, EPO R LA 4% ERS, DA Y250 48 7 767
WD LA T IS RO NER I EH . Kong 508!
WM, ('8 4140 EPO v LIJ4% ERS 530
JHT, AIBR T PI3K/Akt AR/ 25 s Y A
P, AT 244 &P, EPO il i JdfE ERS, X5
BE053 19K B Gaucher 5 8 3 1 22 R GUie {4 47
YERM), AR5 78 T EPO TEAS RE A I ) 15
BT, AT e R R R 2 0 = O LA
GRP78 mRNA FI# (133K, W5 ERS, (A 5.0 WED)

A&, KT EPO &5 Xt Mt = A= 5 , H B —
4, Choi % ™7E STZ /530 C5TBL/6 /N FUBH IR
B % B0 EPO AT LAE i AR U B At g AN
TP TR B A0 TR , AT s 2 B R Y
YE; #E db/db /NRABERLH  EPO R LAFIHIIEE S B 40
ML TR BN R BEAEH . 1 GuP'7E STZ 157
() SD K ERBH bR 0 1) JES 55 78 v Y2 & B EPO B
A REAR I 7, AR w3 9 TR I & R
EPO HA FEAME PRI A BRI s i V8 FH ), 4 AN []
WFFE L5 5 04 7= A ] B 5 Sh A AL 1 il EPO 71
RRIA K, X — e LR B S2 5 E— 281,
AW B EPO THUG, PRI KB AL
U4 EPOR KRR, H FZRIXT.O N0
FE, - F AR DT PR R RO UL L v EPO 38
fEF EPOR Fik i, #7% EPO-EPOR 5 53 i,
T PR K BRLC UL ERS, 3 h1 SERCA2a ik, &
PR R PRI K RO DI RERIVE R

ARSI AN I 2Z A S (] EPOR BHIWH], A
WMEE EPOR BHWIHIHE &6 5% EPO J8$% ERS MI1E
o 1M H EPO W 554 IR K B ERS IIBLIHL A Ff
—L]RER,

3]

o 3
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