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PRHE XL EE B GDF11 3 2 BUEREBE KR
mEmGrRPIER

ERIE WO ERI FARE L S

WE B8 BT SOR R R Rk A KR AR
T 11(GDF11) FIXAKFXF 2 BUBE GG K B (T2DM) 3 30 ik
BRI, Fik BENLEEER 9 RIS HEYE SD KR, R A
W = AR/ 3R 5 B DR T R (STZ) G =, @7
T2DM AERY, TE 5 R BURURE R A 8 K R 43 5 4. 28
X B ZH ( Control 21) | BHPEHRG B XT HEEH (NC 1) .GDF11 Ji#
AHSEHE B 41 (GDF11 4) WEIRAG 4L (DM 41) MR +
GDF11 JRAHCHETELH (DM + GDF11 2H) . W55 8 FJE , #& i
REITE B 3R (INS) M SRR AL 4R 7= ) (AGES) [ H
ZHAEREALH T 11 (GDF11) SRR EE(T-CHO) =Bt H
(TG) M NS H (LDL-C) . #5 % i 8 1 (HDL-C) A
YRR EERG SR (ADMA) (TN 8 (MDA ) ¥R B 5 >R FH it
FREE R QYL {0 ( PAS G (8) WEEHH IR LR AR AL, o3 AR K —
2T Y%A (HE ) WEER I AE 1 315 100, 43141 Pl B WL 45 1 757 PN B2 24
ML A BER P 2 2 A A5 18 10, 1 B 3 R A i 2 ks Y
EPIMHREANREKT, &R AEIWLE T Con-
ol ZHAH HE, A= b 48 A5 $2 7% . DM 2 K BULIfL ¥ o AGES . T-
CHO TG LDL-C F MDA ¥¢B 5 (P <0.05) , INS,GDF11,
HDL-C ,ADMA 21T Control 41 (P <0.05) ,DM + GDFI1
2l AGES Il HDL-C 5 DM #{Jc#] g 22 5%, T-CHO . TG ,LDL-
C f1 MDA #H lb % DM 4B (P < 0.05), INS,GDF11 f0I
ADMA HHILE DM ZHFHE (P <0.05) . JR YL 3R . DM
20 PAS B4R B R IURLAE B K K B 9 B TR HE
YLt WEE S BN kb BRI IS N Bz 240 B 2 v 48 i W 2458 2
ANFR RS B DM A I 45 PN B 340, ik £ A 2
DM + GDF11 2H ik SR b A Firodi e . 25 1 B Al S e 20 fh 3%
NN B AAR SR I E DM 4 R IA R (P <0.05) , [al 58
FbREMAE DM H R 3ATHE (P <0.05) ,DM + GDF11 24
Tk SR A TR, B E RA SR L (P<0.05) . &
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7%, A EMYOK, EiRERITE (24 £2) C,BE
< 60% ,CIRITTE Jy 8.00—20.00, SCEFIEEE 12
h ANESIK B ge 44 B E b v AT, H B3R
138 e BEZE 51 S (LS. 20240306)

1.1.2 ELXA  shilasst B0l g
BRI R GE 4G BEA WAL S U | L K
LR r-GDF11 R AH 0% 75 ( BRI T AE W HOR 2
A, kg S H28155) 5 B IR 1A B & ( streptozotocin,
STZ) ( b2z s iRAE AL B A BR A H] ), GDFIL | B-
actin UK HA AH 230k A-SMA  N-cadherin . VE-
cadherin A1 CD31 (100 wl, [ 1B 5 A R A
Al AP/ HRP FRic — 40 11 E40 % HRP 4R
I H(200 pl, BUMBHE A PR FRA ) ) |, A= B
oK TOAK S R AR AL I (DU SR
HIRAFE]) .

1.2 7

1.2.1 BAHE 4 Ak SD KEIE30 H,iE N
TFE 1 JE S, e b e e R (BE 10% , 5 i
10% , 55K 5% ,HEEE 0. 5% , K 74. 5% ) T 3% 4
Jil 4% 18 60 mg/kg TR HE— U MG I T S MOA TR —
MR TR B 9% b WA % STZ #4782 0B JR 5 K B
(type 2 diabetes mellitus, T2DM ) K B AY | 7 5 5
JRE K LML ot A SO B ML IR , b LR 3 d Y
it 16. 7 mmol/L MIAR A AR AL L)

1.2.2 SHahapeyom K Basr K REHL>
B2 4, —4H (DM 41) ANPEALBE, —41 (DM + GDF11
20 R BERSE 5 R ST GDF11 JRAHCH 2 , 7
AMAEAS Y K R, FH 3 G R 3%, B AL A 3 4,
Control ZHAVEATATALHE NC 21 J2 & Wk 1 5 25 48 1R
AHHGEE, GDF11 41 # bk i3 55 GDF11 i AH &
B, AT B S I — U A BT OB, EL 3 8 S
S5 AR R B B TE ST 10 ml/ kg 3 62 A4 7K £ SRS JRR
e, oo R I AR RO Bt 9, BBt )5 & B 3
Wi, o3 g5 O e T Bk IS S Bk o AL
1.2.3 KR mFkoagm A FOER LK
APLEEE A ,3 000 r/min .02 R 10 min/ K, B>
i B 7 VAR B P i A IR ) 8, SR P B
eI W FfHA S ( enzyme-linked immunosorbnent assay ,
ELISA )l % L% FF GDF11 | JBE 1% K 254 1 17K -,
BB S T

1.2.4 ZHRAEFHBEWL BEHBRFEsIK,
TEAEFRER K h L BR B A 25 4 L 21 8 LA 1D B A8
FE P B AR I, TR AR T 5 B 32 Bl ik =5 304 T A
VI W VI B 2 2 A B2 4G 1 6 B K

I, A RS 5 DL S IS S ) A 4 pum
F, BERE R K TR R R B BLE i
T A7 AR IR EAT PAS BEIRL YL @1 HE 4y (o
BB B4 B0 S Ul BT D2 B T
B L S IR FRE . B2 AG D A0 B vh i e )
A s KA BB S BT B VR A A
W, 8 K3 B B R (B0 R R BE 43 0 R
GDF11,1 : 50, A-SMA, 1 :50, N-cadherin, 1 : 50,
VE-cadherin, 1 : 50, CD31,1 : 50, #%ic —#il : 50,
WEHT/N R HRP ARid =801 £ 50) , 62 iR
100 £ T WAL H IR I 2R35

1.2.5 XA EZHkBirRMEMIE  HFLR
SrEIFR S, E SIS R, 1 ~3 min
IUFE 13 mm 7,4 °C T4 HLBR [ 08 R B 3 KN,
G 2N AR B A% 5 UMY IR 3l G0 5% - TR AR AL 195
ZHAVBCT J5 37 R4 A R B 1 7 Y Y, = T ke O T
2 h,4 C PAF, KRG B ik B iE i )
Ak B T ARSI,

1.2.6 &afpaob  HUEA RISk 5 A
EP &, e pK b IR R 59K 21 27 59 s ek, A%
A B E 3 bk B E |, & W GDF1L (— T
1:1000), A-SMA (—3$C1:1000) . N-cadherin
(—¥Hi1:1000) . VE-cadherin ( —#i1:1000) .
CD31 (—¥H01:1000) X NZHEH B-actin (—HL
1:5000), T80 V fHEH Ik 40 min £ 451F Mark-
er M)A, W2 120 V 1HJE LK & _EREZE whig i 7%
350 mA fHFELE 90 min,5% BSA 2 h,HEE —
P4 C L&, TBST PYEAE 5 min 3 &, 9L
(1:5000) = FFERBEE 2 h, Ve S min 3 0, %0
ECL BEGIR#EAT W5, R Image J FAF 43T 4541
JEEE  LAH IS B-actin 19 HUAE 2R AH N 8 1126
KK

1.3 Zit=40IB [ SPSS 26. 0 F 4% Bods k47
Biit=#43 1, Shapiro-Wilk 5 (n < 50) 46 50 5 1
TEASYE 76 IS BRI kST A ¢ R
x5 038, Z2 500 L FH B R 7 225081,
LA 2 10 W LR T SNK-g K360 1 7 i, BT A
SR BRI, P <0.05 B2 %A %t E
X, KRELELISA S25 70 Hrak 4424 ELISA 73 B 8k
(ELISACalc V. 0. 1) Fll Excel,

2 #HR

2.1 MEBRIESTER A 30 BB R
L IERL R DIIE 22 IR 73% . DM 411 DM +
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GDF11 A4 11 H HASLK 45 ) AT DM 41 A0
DM +GDF11 21453811 HEL,

2.2 —REMZE  Control HRKBAKRERL,IE
¥R, BRI, (AR T R e B n, DM KBRS 56
g LR B R B, R LR, B, B
WERZEEZR, KRR M%E, DM + GDF11
MK R LR R, LR DM 415 DM +
GDF11 AARJua  ibE2E R e giit2% 5 X, DM 4
DM + GDF11 4Ll 2 3% & T Control 41, H LI I
Iy , DM R BRUA BT S i (E 84 sk 2 /N T Con-
trol 4, —ELFFEEEISL I 45 o) (FRIE 18 Hikd) , 73y
RN 5 HrhE{%, DM + GDF11 415 DM 4t
AR RS EMGE(P<0.05), HERITHS
J& DM + GDF11 415 DM 4 ffif — B 4bF 20 ~ 30
mmol/L {3, MeH Z M) 22 7 LG i+ E X, A
1A Fi7n, Control 41 NC ZH .GDF11 4H KA &2
EETE, H=4H 22 3R DM 4 1R i 38 i 2218
ISR EE AT A 5 4l Ak, DM + GDF11 414k
R & T DM 4, WE 1B i, DM 451 DM
+GDF11 ALilbE— H AR R Rk, A 227
TGt X, Hofth 3 4 o AE 1E Y5 R R s

A 700 - ControlZH

= NC4l

-+ GDF1141

* DM4

600 « DM+GDF1141

()

il L
ol 500

1)

400

300

0 1 2 3 4 5 6 7 8
Fiof ] (i
- - Control4l TG
= NCH
-+ GDF1141
* DM4]
I - DM+GDF1141

(9%
(=]

14 (mmol/L)
S

—_
(=)
T

0 1 2 3 4 5 6 7 3
B TE] (&)
E1 5SAXRLEFREERER MFETHIEFR
A TEST GDF11 J5 & 4K AR BT i A2 00 ; B 4 GDF11 J&

AL R BL IR AR AL Bl

2.3 KRRMFERSBIET DM 4114 GDFL1 Rk
SEXTH Control #HBH &t FR&( P <0.05) ,DM + GDF11
M5 DM 41, GDF1L (A H BT (P <
0.05) , G AH[E B (total cholesterol, T-CHO) , =L H
1M ( triacylglycerol, TG) K% B i 2 11 (low-density
lipoprotein, LDL-C) F1H — ¥ ( malondialdehyde,
MDA ) IfiLiE )& & DM 4 A% T Control 20 & T
B (P<0.05),7F DM + GDF11 iy FRikMET
DM 4 FFE(P <0.05), /5 % (insulin, INS) FIA
NERR O 3R A R (‘asymmetric dimethylarginine,
ADMA) DM 41 iR 1K 7KF- 1 K T Control ZH (P <
0.05) ,7£ DM + GDF11 40 fy ik AHET DM 47+
= (P <0.05) , B b3 AL 28 7= ) (advanced glyca-
tion end products, AGES) Fl /5 % & J5 # 1 ( high-
density lipoprotein, HDL-C) Ifil i& &% &7 DM #H 5
Control HH 2ZFH G I L (P <0.05), 1 7F
DM + GDF11 ARk AHE T DM 4122 R 41t
FEX, W2,

2.4 KBREZNBRARERENE

2.4.1 mEFHEM PAS BEFYLE . OLET DM 4
F2 3 ik P BB R T LA B 3 Sl ik o e R o8 B T P
WLH AR ORI AR DM + GDF11 2H00 J5 150 A B
B0 Control 20 X HRIKFHELL A1 GDF11 R AH 0%
BAULTFEA R EFEEOR . HE Y@ 68 T Con-
trol ZH BNk P BES I, PN B A TR A U] HEZ B
Fr, FPE L p (R HE B 1 B £ 2 4 A, TCIE R
DM 41 Sk BE 2 ORI B 40 i 645 L o8 ke B
ANHUIN % e v B RS A S 0 RSP 3 UL 4 A
HE . DM + GDF11 41PN B 4 ot 4 sl 8, vl Ao 3
JEEBH S ek A, V- 9 UL 40 0 A 4 HE ) A
LI 3,

2.4.2 Smauim gLk EITE 5 A
B DM 4R UM 212 GDF11 KKk 5 Con-
rol ZHAH L R, GDFI1 20335 F+ %, DM + GDF11
HFEANT DM 4 GDF11 HzZ A, N & E
VE-cadherin £ CD31 7£ DM #H 9 3153 Control 2
W N [, 18] 58 AR 59 A-SMA 1 N-cadherin 7£
DM #H k% Control 411 & 7+, DM + GDF11
H 225t R GDF11 /K- fifi i S8 2 1 3R 5AA Fr [ml i

WL 4,
2.5 KREFRBEBHMEHUE HEFSH
XFREZH X HEEEELL AT GDF1L R AH G 241 Bl ik

DB TS I 8, B 41 4 R b i, B TR
JEASIE T o DM ZH P9 K2 40 M 45847, 200 i 40 44 72 /)N
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A - T. 17445 INS ,AGES .GDF11 ,T-CHO \HDL-C ,LDL-C \ TG MDA I ADMA;a — e; Control #1 NC £ GDFI11 #1 DM #1F1 DM + GDF11
2H ;5 Control ZH 4 * P<0.05, *** P <0.001;5 DM L& . *P <0.01, * P <0.001

A Control4H NC4H GDF114H DM#H DM+GDF114H

PASH R G tt
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HEj:f
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A:PAS BEF YLt BRAATT S . PAS BEF YL i 7R 21 DR A B IR R SR AT A R e, B R SR 0 S BRI B HE e te BAAET
Sk o Bk AS BN HES L L4 b W Y P9 7 240 it A sk 21 4
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A Control 4l NCH.
GDF11
B Control4fl NCH.

VE-cadherin

C Control4H NCZ
CD31

D Control4 NC4L
A-SMA

E Control41 NCZ
N-cadherin

GDF1141 DM#4 DM+GDF1141
GDF114 DMZ#H DM+GDF1141
GDF114 DM DM+GDF1141
GDF1141 DML DM+GDF1141
GDF1141 DMZ DM+GDF1141

B4 5EXREBEALER x100
A5 DKL GDFI1 Gyr 4l fb 25 5L | M Sk Ab v DL i 8 v J22 30 (2 iR A L B R S 45820 5 B2 S K Bl VE-cadherin S22 1k 45 5L, §i Sk b AT
U4 v 2 AN A LB P SN 3520 5 €25 K B CD3 1 B BE 4 A2 S 7 Sk Ak T 0 1A S5z 40 R 350 A7 1 A 8 BH P s 1y 35 /0 B BB TH K5 D25 R R
A-SMA AL R, A-SMA bR WA T IR TR b 5 Sk Ak wy U0 = 2 ik e IR B A B BRI R 5 S 4K B N-cadherin B2 41 fb 45 4L,

5 S Ak P AR €0 TR G ) DX ISR L DAy B S i

A] LK B U A s 2 AR e AN, i et rh
W, FETEHLRE . DM + GDF11 20 P Jz 45 4 1E &, ik
Z4i 5 DM HAHICA B, bk e 4 e # . WA
5,

2.6 WEHRMRGHEXEBRIE FEUEmNE
PRI A 7E Bk IR0 33K, W F Western blot
T3 A U G op 2% 5 2 (140 GDF11, A-SMA | N-cad-
herin . VE-cadherin Fll CD31 74520 K B = 3 ik 4H 4H
R IA, G5R WoR, B GDFIL 1 K BRI

GDF11 AY/KF-# Control ZH HH & T , 76 4 ik I Bl
RS GDF11 J5,GDF11 /K FEAHE T DM 4HA
B T (P <0.05), 5 Control 4 K Bl L%, A-
SMA #1 N-cadherin 7E DM K Bl 33k W] B3 (P
<0.05) , W HBRAHOCH B8 LA GDF11 /KF )5, &Ik
WS EAAT T (P <0.05), 754b, VE-cadher-
in F1 CD31 7£ DM K L Hr 2 3A rp 5 10 6 BR2H oA
FRJE W BIEMR (P <0.05) , 254 Fi GDF11 /KF
JaiZEAFIREH(P <0.05), WK 6 ~8,
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@E 0.6 - I 0L T AU B4 0 3 A%, ISR 2 WA B DG B
Z .l JB&GL GDF11 AT LAl i 45 P bz 4t 6 o) 1) 78 B e 4k
= PRAFT PN HE G A 2 453 5 3 T4 ) PN B 2 R R A |
8 o2t Y I 15405
STZ #%) 7 AT 54 Fhsh P BB R R 1%
0 a b c d e IR B LUAESE S i T SD R FRUAY 2 g

B 6 5AKXREZNRK GDF11 EAHEMKIEE
a—e:Control 2 \NC #1 .GDF11 #1.DM #1#1 DM + GDF11 #H%K
HAYFEXT R ik &5 5 Control 41 HEHE: ™ * " P <0.001; 5 DM 4Lt
. P <0.001
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7 5 AXREFTRARABITEDEAENREE
a—e:Control 41 \NC 41 .GDF11 41 DM 411 DM + GDF11 412 FIAHXT 2585 Control 41 HLHL: * P <0.05, *** P <0.001;5 DM 4iH

B.*P<0.01, P <0.001
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a—e:Control ZH NC 21 .GDF11 21 DM ZH71 DM + GDF11 ZH#& (AAHX ik ; 5 Control 4 HLEE . * P <0.05,

. ™p<0.001

B VBTG iy, IR TS B T R I &
AR (IRIZE 5% P >0.05) , HeHERR GDF11 X ifiuf
(18 B M) S SO o5 o e A AR AR DA s B S i R v
E5,

AT = 4L S B 485 SR mT DL 31, 68 J & 31
FASETRREAL S AR N GDF11 26 35 i iR A 56 05 145
HRBAT (AR BRI — e I 0 | M0 o3 DA S = Bl ik &
A R A S A AL (I 22 5% P >0.05) , R, 5K
56 T LAHE B 25 2 B AH OC9 75 00 K B 2 e 15 1R 25
W BAA P R R AN GDF1T BRI A5 R
K BRI A A2 A A E B ks A8 . MOBE PR s 1SS 2
F, GDFI1 B 5 i K PN Rz 40 L R gt ik 21 4 9 45
IR W S s e e e
KA B FRE(P <0.05) 7RSI b, N B AR
WL I (8] 38 0 b 25 0 1 3R #R A ek (P <
0.05) . %W R PRAH SR BG4 GDFL1 7] LA
U SR PR I 0, I T LA AR PR A il 4
PGPSR AR EH

AT % BBE PR T S5 A 1455 , nT e A ST A
WA I 25 L UM 1Y) PN 2 200 B DL R st 4 AR s
A b AR RIS SR AL S0 N e g
ife, X 5z a5 R —30, B W R AL
I st 1,2 400 P4 2 20 B A0 SR A A 2 (R) R 5E 0, (LS
DAL R 240 BRI ( 3X) ] 200 JE %) T R B A A T 5 BOBE IR
e LB A TEAR KARBE EASR AR, 5 e R
IO 1B S R A & A T 2404k, TR FE A
YT, HEWT P R A0 i vT BB & 2R T N B TR T R AR
fb. BT HBEER A SR, AT i A i 4
5T U487 PN B 4 I A 43 4 S BOR PR AP I A R RE D R
R, AT 5 | A P B A 20 T2 30 2 A e A o 2
AL B 2T BUMAS K A AR RE AL 45 | 3 A bR PR 1
O AP O AR B8 T4 0 BOAESE:

***P<0.001;5 DM 4t

GDF11 HHEfEREE OIS S8R E 4 H L0
WFFE , 76O I 4003 32 B2 9 K 30+ 20 it B 2 1 48
Az BT TR, (FR AT 0 B S0 ks 5 80 48
P AH DG B4 B A0 ML 2 58 322 S B PR 5T T 4
FRPN GDF11 3k %P 0E PR T Bum & 3 5 I VE
BSUE T GDF11 AT DL i B AH DG s 5 78 K Ui 3
R 3k, FHAE B (0 3 2 008 3 2k A 4 a0
B 2N, 80/ A B A i ) 1) 72 BT A Ak AR AP N B TR 4
LG 23000 , AR B A& B 0 B 19, R B
FRETOHE R S 28U & B Bt T —ASB a5 7
W, A TIZERAEST T GDF11 7ERE R w5 2L
AR S T TR AR PN SIE I, A G A4 A1 S
Lo i v T - 7 S = 2 TS I i U S S
GDF11 fERT B FAI7 1 F- Bk T5 B iE— 20 1
Sy FHLH T

HP AR 2 BB PR B i I PR AR 1 (2022 4FRR) [T, [ B
JRAGZRiE,2022,30(1) :2 - 51.
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Protective effect of adeno-associated virus sense transfection of

GDF11 on vascular injury in type 2 diabetic rats
Wang Yuqin'**,Cao Shaoqing'*, Wang Zhangyu'* ,Li Chengsi'”*, Ye Jiangping'**,Zong Gangjun'*”
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Abstract Objective To explore the effect of adeno-associated virus sense transfection up-regulating the expression
level of the growth and differential factor 11 ( GDF11) in vivo on aortic injury in type 2 diabetic mellitus rats
(T2DM). Methods Nine-week-old male SD rats were randomly selected to establish a T2DM model by using
high-sugar and high-fat chow plus small-dose streptozotocin (STZ) combined induction. Both normal rats and dia-
betic model rats were randomly divided into five groups: blank control group ( Control group) , negative virus con-
trol group (NC group), GDF11 adeno-associated virus group ( GDF11 group), diabetic group (DM group), and
diabetic + GDF11 adeno-associated virus group (DM + GDF11 group). After 8 weeks of feeding, the serum con-
centrations of insulin (INS) , advanced glycosylation end products (AGES) , recombinant growth transforming fac-
tor 11 (GDF11), total cholesterol (T-CHO) , triglycerides (TG) , low-density lipoproteins ( LDL-C) , high-densi-
ty lipoproteins ( HDL-C) , asymmetric dimethylarginine ( ADMA) , and malondialdehyde ( MDA) were assayed in
the rats; periodic acid-schiff stain( PAS stain) was used to observe the sites of glycogen deposition, and hematoxy-
lin-eosin staining (HE) was used to observe vascular damage. Scanning electron microscopy was used to observe
the damage of vascular endothelial cells and vascular elastic fibers, and protein blotting and immunohistochemistry
were used to detect the expression levels of vascular injury-related proteins. Protein blotting and immunohistochem-
istry were used to detect the expression levels of vascular injury-related proteins. Results  The biochemical inde-
xes showed that the serum concentrations of AGES, T-CHO, TG, LDL-C and MDA were higher in the DM group
than those in the Control group (P <0.05), the concentrations of INS, GDF11, HDL-C and ADMA were signifi-
cantly lower than those in the Control group (P <0.05) , and the concentrations of AGES and HDL-C were not sig-
nificantly lower in the DM + GDF11 group compared with the DM group (P <0.05). HDL-C was not significantly
different from the DM group, and several other data were improved (P <0.05). Pathological staining suggested
that PAS staining in the DM group suggested that glycogen particles deposited in the endothelium and subendotheli-
um of the aorta, HE staining observed thickening of the aortic mesentery, endothelial cells and elastic fibers broke
off in an irregular alignment, and electron microscopy observed endothelial damage in the vasculature and elastic fi-
bers broke off in the DM group, and these changes attenuated in the DM + GDF11 group. Protein blotting and im-
munohistochemistry indicated that the expression of endothelial cell-associated proteins decreased in the DM group
(P <0.05), and mesenchymal markers elevated in the DM group (P <0.05), these proteins were regressed in
the DM + GDF11 group, and the difference was statistically significant (P <0.05). Conclusion Increasing the
expression level of GDF11 in vivo can improve aortic vascular injury caused by diabetes mellitus, which is inferred
that it may be related to the inhibition of endothelial mesenchymal transition to protect the function of vascular endo-
thelial cells and thus improve vascular injury.
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