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DAFHARAEYEERTZHLERRREERNGHa, [Fik] BFRXAMMNUS AR E A M (Angll FF
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K R o B AR, £ B ARZLLE MT MT/LD 348,/ LD 3% X (39 P<0.05) ; £ 3 k28 4% CVF {4 .GRP78 #= ATF6 & & &
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Exogenous GDF11 improves vascular remodeling in hypertensive rats by regulating

LOX-1-mediated endoplasmic reticulum stress pathway

DAI Zhengdong, HU Liangkun, WAN Wei, XU Lixin

Macheng People’s Hospital, Huanggang, Hubei 438300, China

[ ABSTRACT ] Aim  To investigate the effect of exogenous growth differentiation factor 11 ( GDF11) on vascular re-
modeling in hypertensive rats through regulating the endoplasmic reticulum stress pathway mediated by lectin-like oxidized
low density lipoprotein receptor-1 (LOX-1). Methods Rats were randomly divided into control group, model group
(Ang Il -induced hypertension rat model group), r-GDF11 group, Ab-LOX-1 group, r-GDF11+r-LOX-1 group, with 10
rats in each group.  The changes of caudal arterial blood pressure in rats were detected by animal non-invasive blood pres-
sure meter; the morphology of aortic vessels was evaluated by hematoxylin-eosin (HE) staining; the collagen deposition in
aortic tissue was evaluated by Masson staining; the expression of GDF11, LOX-1 and endoplasmic reticulum (ER) stress
related proteins in aortic tissues were detected by Western blot. Results Compared with the control group, the blood
pressure of rats in the model group was increased, the media thickness (MT) and MT/lumen diameter (LD) of aortic tis-
sue were increased, and the LD of aortic tissue was decreased (all P<0.05) ; Collagen volume fraction (CVF) value, the
expression of glucose regulated protein 78 ( GRP78) and activating transcription factor 6 ( ATF6) protein, the ratio of
phosphorylated PKR-like endoplasmic reticulum regulating kinase ( p-PERK)/PERK and phosphorylated inositol requiring
enzyme 1 a (p-IREla)/IREla in aortic tissue were increased (all P<0.05). Compared with the model group, the blood
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pressure of rats in the r-GDF11 group and Ab-LOX-1 group was decreased, the MT and MT/LD of aortic tissue were de-

creased, and the LD of aortic tissue was increased (all P<0.05) ; CVF value, the expression of GRP78 and ATF6 protein,

p-PERK/PERK and p-IREla/IREla in aortic tissue were decreased (all P<0.05).

Compared with the r-GDF11 group,

the blood pressure of rats in the r-GDF11+r-LOX-1 group was increased, the MT and MT/LD of aortic tissue were increased,
and the LD of aortic tissue was decreased (all P<0.05); CVF value, the expression of GRP78 and ATF6 protein, the p-

PERK/PERK and p-IRElo/IREla in aortic tissue were increased (all P<0.05).

Conclusion Exogenous GDF11 im-

proves vascular remodeling in hypertensive rats through inhibiting LOX-1-mediated endoplasmic reticulum stress pathway.
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o LR SR e PR UL ) A8 MR 2 — , WAk 2
ORI FEAER R m Il R SR
PN B ) RE BRI A8 B ), 2 S 500 A e T2 3
FNZl JhIRE B2 T e , ML 7E B A S ok 2 iE— A5 i il
FEREACTERE , B 28 U PG 2R, UM 28 25 A2 i
G R B T 11 (growth differentiation
factor 11,GDF11) j2—# & Tk AE K+ B MR
WER T, 2 5 2 0 A )2 D RE R R,
HAPR DA MPUEZ W RRED . FFIEIESE,
B R/KFH GDF1T 55 B B0 M A5 R AN SE T A
G A OC, GDF11 & gk 35 0 Il 48 45 Jay 1% 1 75 i 5
B EOE AT B, GDFLL AT L2 1M 45 - ¥ 1L
20 g Wc A 2 R A ) W 3 Bl Bk e J2= R Sl ik A A 1k
PR & B, e, GDFILL ] fig 3l i 5 i 9 J2
ANA Ay T RE R IR TS Sh kS REIE AL . {2 GDF11 7E
eI AR I AN 2 2B R, BEAE R AR A LAY
K5 BERR 2 32K 1 (lectin-like oxidized low density
lipoprotein receptor-1,L0X-1) &—Fh Z FL &z {4 ]
B A AL UG B R 25 (oxidized low density lipopro-
tein , ox-LDL) 755 9], J& 00 M 48 2 9 19 — N e
PIZR . LOX-1 AT H i 28 S S8 1o 8 RIAIL A 1 )
WS ZAREOA S, S AR T i R
I, LOX-1 7EMEPRI | LI | 1A S 4 25 i 30 Dk ok
FEREAE A F T 3h A8 RIS B LOX-1 JAY7 T 3
FEARMA Bk R 1 (angiotensin II , Ang Il )131;‘% (IEA
AE /N R T w5 D B JILER e A B
UL, GDF11 385 1] 9 55 LOX-1 475 A4 P Joit 1)
PLFGRAE T NOD B2 AP F 45 M Rl G 1 3
(NOD-like receptor thermal protein domain associated
protein 3 ,NLRP3)ﬁéﬁd%ﬂ%‘%%lﬂ&éﬁiﬂ@%t“” o
RN, GDFLT A 5 i1 P A 2 M A LB RO LOX-
1 BYIRFEAE DA 5 B B BRL e, AR5 B AR AR
GDF11 G711 I 4 FA) F) 52 Wi B A DG A
PL

exogenous growth differentiation factor 11;

hypertension; vascular remodeling; lectin-like oxidized
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1.1 SREeH#

12 % SPF it SD K B, R i & 400 ~410 g,
T @A HHARA RN 044
FEVEFIE 5 SYXK ((37) 2022-0052 ], 3h 4 A F i
(23£2) C 32 (55% +5%) .12 h L #/12 h B
WS AR, BRI A, REHA
S A & R o F AZALE (2022MC0123)

GDF11 # %417 & (recombinant GDF11,r-GDF11) g
B % [& Pepro Tech /A & ;LOX-1 & 41 & 4 (r-LOX-1)
W B b R AR A A BOR IR B A LOX-1 iR
(Ab-LOX-1) AngIl 3 & % & Sigma A & ; HE %
&7 & Masson % & K 7 & BCA KAl &AW &
BN ZE R A A SO IR E] S RIPA &0 Ul B %
Thermo Fisher /A & ; GDF11 LOX-1 % %7 % i &
& A 78 ( glucose regulated protein 78 , GRP78) | #% 3k
W & B F 6 (activating transcription factor 6, ATF6) |
PKR 7# % it W ¥ %7 1% 8% ( PKR-like endoplasmic retic-
ulum regulating kinase, PERK) | % B {t. PERK ( phos-
phorylated PERK, p-PERK)) | EZE K la (inositol
requiring enzyme lo,IREla) % B L AL EZ % K B 1o
( phosphorylated IREla, p-IRElat) , GAPDH — i, #
AR 3T F AL 4 B (horseradish peroxidase , HRP ) #7129 111
FH AR AN 8 FEE Abcam 2 F

MRBP A 34 4y 7 6 o & {( k¥ £ 5 AL (U3
A IR 7] ) s XSP-GX14C A K B M4 ( Lk
#75)7) ;SH-6600 A 5 5071 L 4 0 o B A (L 7
BALTR AL B A IR A F] ) 5 011000 B A & 3 5 K &
BEAR(T M EDRBARLE)

1.2 BmEEETSSAE

50 RARIEMEASR R, % BN FRZE
A 3B 4 (Control 41) ;4% 2 41 (Model 41) : Ang Il
Ry E i E K RAE A 4 r-GDF1L 4. % i JE KR
M A +r-GDF11 43 41 ; Ab-LOX-1 41 ; & fn & A R A
A +Ab-LOX-1 4 72 40 ; r-GDF11 +r-LOX-1 41 . & ifn &
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KB A A +1-GDF11 +1-LOX-1 4 40, 4 41 10 2,
Bt A, AL AR S B Xy P g
B AL A . BE R E AT R BB F 4N (40 me/kg) AR EE
AR BB TEEN, TARAEHHAKTHE
N T Ang Il 3% & % 3% R, #% 500 ng/ (kg *+ min)
oy F BIATHE, SR E 14 X, AR R 3 M
T, MEAKXRE EABRMER THENEL £ EHR
KM EBFZREE 14 X,
1.3 #BZ%FWm

THTHRAES 1 R#pATLGFH Y,
r-GDF11 %1 & B3% 0. 1 mg/kg 7| & ff 5 7F & r-GDF11
Ab-LOX-1 41 K R4% 10 pg/kg 7| & J5 7% 57 40 LOX-1
P ;r-GDF 11 +r-LOX-1 41 A B 15 7 41 0. 1 mg/kg B
r-GDF11 £7 0. 1 mg/kg B r-LOX-1; %t B8 41 o 5 A 41
AREEEREANENEEL A, EAAKRLYH
THH1 R/ R, HLETH14 X,
1.4 IMEMNSFFERRE

KR i A L R U A BB B Bk o R R
h, ERARELANES A, RPFHEENRLLE
B, RAFHRERELEL 24 h, KEFL AR,
KEME K, AT RFEH 2, —Ho2thFET
-80 CUk4H, 5 —HoH 4% % R ¥ EEE E , 4 &
4 pm B Y R
1.5 HAZLEBEHW

BCA B #EATIRIE AN, KA HE 637
FHHRBLERS, KETARE T EEE
(media thickness, MT) . % #& /1 42 (lumen diameter,
LD) % MT/LD, 3k | Masson % & ¥ f& £ 3 ik 41 4
RERBRER, KETWE, RESER L REL
B, FHEMNAEE T Hae, REFSEBZR L2
(collagen volume fraction, CVF)= = 3} ik ix J& 4F 4 T
AR/ BT AR B K E AR x100%

1.6 Western blot S25&

Fl & 1% % a8 B 30 # 7| 8y RIPA & w UK R
AREFDRALR,RREE A K, A BCA KA &
MEEERKE, Bt 10% SDS-PAGF 4 & & &
EHRAER GHEHE PVDFE L, £FETHS%
JEAE 3 E A 2 h, e, ¥ E 5 GDFL1(1 = 800) |
LOX-1(1 = 800) , 4 it W bz ik 3% 12 48 % & & [ GRP78
(1:800) ,ATF6(1 : 800) PERK(1 : 1 000) .p-PERK
(1:1000) IREla(1 : 1000) p-IRELa(1 :1000)],
GAPDH(1 : 1 000) By —#i7 4 CIEH L, it &,
£ 37 CT 5 HRP ARIE 8 L 340 % =40 (1 : 2 000)
BEE 1 h, RHE, A RO A BB R RS
2% ,GAPDH 1 N %, (# A Image J 2% £ 1t
EAFTRE,

1.7 Sit=ZEH*

KA SPSS 25.0 BAUFHAT G AT F 047, R UL
xts R BBEHAT ZFUMES A, L A I
BRERBEE T #9043 —F WA KA LSD-
t A%, Pl P<0.05 2 RHERITFE L,

2 & R

2.1 HHEPXRME

REIA A KRN R i 22 R RS R R
X (P>0.05), 2524514 K5, 5X R4 tods, Bl gy
KA T 8 62.45% |, &F Ak FETH 5 49. 17% (¥
P<0.001) ; SHERIZH 4, r-GDF11 4 U4 TR T
[%19.96% , &7 3K 5 F % 24. 00% , Ab-LOX-1 41U 45
JE T B 16.26% , &F i & T F% 18.93% (4 P <
0.001) ;5 r-GDF11 ZH L%, r-GDF11+r-LOX-1 ZH i
T 7. 84% VKRR THE 8. 86% (4 P<0. 001 ;
#1).

F1. EHBKRME

Table 1. Blood pressure of rats in each group PAAT : mmHg

e i LR 52514 Rg

i oK e Ik
Xt HR4H 10 110.37+6.58 79.26+4.60 106.57+10. 32 81.47+5.65
TR 10 111.09+6.40 80.46+5.13 173.12+15.40° 121.53+11.30°
r-GDF11 21 10 107.93+8. 50 78.96+4.85 138.57+12.63" 92.36+8.73"
Ab-LOX-1 41 10 108. 62+8. 64 81.36+5.08 144.97+13.55" 98.52+8. 54"
r-GDF11+r-LOX-1 2 10 109.21+8. 89 80.74+5.24 156.34+14.12° 107.25+10. 16°¢
FAH 0.214 0.205 11.896 14.538
P 0.938 0.913 <0.001 <0.001

H:a A P<0.05, 5T IR HLES ;b - P<0. 05, SEUA A ;¢ oA P<0.05,5 r-GDF11 41 b,
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2.2 BAHRKREFALRERSFETN

Xof BEZH K R 2 ik 45 4 52 2, o UL B S o Bk
A AR ZH R R A R B 9 R 9L 2T A HE S 3R
&L ;r-GDF11 ZH 1 Ab-LOX-1 415Kk B 3= 3h fios B8 405
BRI 2 B 2k 35 r-GDF11 +r-LOX-1 4 KB 32 3h
Jis BRI %542 r-GDF11 2 e (K 1), SXHHR
ZHHLH BRI MT 36K 43.79% ,MT/LD HC{E 34 K
71.71% ,LD /)N 15.78% (P<0.01) ; S5H A 40 [t

AVAH r-GDF114H

i r-GDF11 4 MT ¥ /)y 20.70% , MT/LD ¥ /)
20.70% ,Ab-LOX-1 £1 MT Jik/]> 15. 40% ,MT/LD L
B /N 25.66% ,r-GDF11 20 LD K 16. 67% , Ab-
LOX-1 #H LD ¥ K 13.54% (P<0.01); 5 r-GDF11
ZHHHE , r-GDF11 +1-LOX-1 20 MT K 6. 54% , MT/
LD FU{E 3K 16. 18% , LD ¥/ 8.26% ( P<0.01;
#2),

Ab-LOX-142 r-GDF11+r-LOX-142

B1. REAPKRENKARRERSFEEL(HE §

Figure 1. Pathological and morphological changes of rat aortic tissue in each group( HE staining)

x2. HEPXREFKARRERSESW
Table 2. Pathological and morphological changes of

rat aortic tissue in each group

el n MT/pm LD/mm  MT/LD/%
Xof R ZH 10 70.42+5.46  1.1420.13  6.150.60
FEAIZH 10 101.26+6.43" 0.96+0.07* 10.56=0. 87"
r-GDF11 41 10 80.30+5.57" 1.12+0.11" 7.140.68"

Ab-LOX-14] 10 85.67+6.11" 1.09+0.10" 7.85+0.73"

r-GDFLL+ 10 91.27+6.38° 1.00+0.08° 9.12+0.81°
+ + +
r-LOX-1 24 T T T
FA{d 37.160 6.080 53.541
P <0.001 <0.001 <0.001

:a g P<0.05, 535 RELH LB, b 4 P<0.05, SRR AL e
3 P<0.05,5 r-GDF11 41 L%,

r-GDF1142

2.3 BADKREZNBRARTHELER

Xof B 2 K R 45 R A T 2 40 0 A 2, o B
JIEF A HE 5 B 55 5 15570 41 KRR I A RE G D 41 4k 1
A, PR T 2T 2 HE B 2 AL ELES A W2 kb DLEF
ENE A 5 r-GDF11 401 Ab-LOX-1 2H K BB 41 1fil
PR I J 2T A 84 42 Y /0 5 r-GDF11 +1-LOX-1 41 K Bl
B r-GDF11 4l I A5 BE RS IR 2T st A3 (K 2) . 5
Xof B B, SR A K R 32 B Bk 4L 4T CVF {38
82.63% (P<0.001) ; 5HI AL L4, r-GDF11 41 Al
Ab-LOX-1 4K R E Sk 41 CVF {H MK 34. 78%
H130.43% (¥] P<0.01); 5 r-GDF11 4 [L#L, r-
GDF11+r-LOX-1 4 K B F= 3 k41 41 CVF {3 Jin
5.26% (P=0.006;2),

Ab-LOX-148 r-GDF11+r-LOX-14H

2. RAHBKRENKALR

LTV IE R (Masson 440, n=10)

1 Xt IR 2 ABEIZH |3 4 r-GDF11 £H,4 & Ab-LOX-1£,5 9 r-GDF11+r-LOX-1 4 ,
a i P<0.05, 5XFIB4L LA ;b o P<0. 05, SR R ;¢ O P<0.05,5 r-GDF11 41 i,

Figure 2. Fibrosis of rat aortic tissue in each group( Masson staining, n=10)
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2.4 HAHEKXKBREZKALS GDF11 F LOX-1 B
xRix

5 B2 P AR A R B 3 Bl ik gH 2L GDF11
EHRIBEEA 80% , LOX-1 BEHRILTITEH Y
300% (¥] P<0.001) ; S 4, v-GDF11 41K
R EBKZHZ GDF11 H H R IA TR 2 160% ,LOX-1
T FRIREIRZ) 25% (¥ P<0.001) , Ab-LOX-1 41
KREZIKH L GDF11 FH AR B EER LG
227 X (P>0.05) ,LOX-1 5 R IKFEMK 2 36% (P<
0.001) ; 5 r-GDF11 4 %, r-GDF11 +r-LOX-1 4K
EBh K GDF11 2 H R IA A8 22 S Je e it 2
X (P>0.05),LOX-1 & HFRIEF =29 108% (P<
0.001;/3),
2.5 HHEKXREZNPKARFRNRMEHEEHEX
EBMRIE

EjXT R b R 2 K R 32 Bl Bk ZH 41 GRP78
(THE 21 350% ) F1 ATF6 25 1 ( THR 240 567% ) =ik |
p-PERK/PERK ( F+ i £ 420% ) Al p-IREla/IREl
FUAE (T 24 350% ) 35 8 3 T 35 (34 P<0.001) ;5
FETRIZH A, r-GDF11 211 Ab-LOX-1 41K B E B ik
ZHZ GRP78 (MK Z) 58% ) Fll ATF6 5 14 #E ik (FEAK
2 53% ) .p-PERK/PERK ([%Ik2) 54% ) Fil p-IRE1a/

o —
o

GRP78/GAPDH
o
'S

IRElac FCAR (P IR 20 53% ) ¥ 3 FE AR (3 P <
0.001) ;55 r-GDF11 41 He4¢, r-GDF11+1-LOX-1 41K
BBk 4L GRPT8 (T2 84% ) Fll ATF6 45 14
(V524 56% ) ik .p-PERK/PERK (TH#5% 91% )
1 p-IRElo/IREL o FUAEL( THR 2 52% ) ¥ B3 T &
(¥ P<0.001;/84)

1 2 3 4 5 1 2 3 4 5

- Q45 kDa LOX-1 E_% kDa
8 36 kDa GAPDH _36 kDa

E2.0 L 15
a

15

z %10

S10 b Qo

T %05

LDLO'S a S

(0] -

o
o

1 2 3 4 5

3. EHEKXRIENRKALR H GDF11 7
LOX-1 H¥FRiE(n=10)
1 A% RRAL,2 RRERIZE 3 R v-GDF11 41,
4}y Ab-LOX-1 41,5 4 r-GDF11+r-LOX-1 41,
a3 P<0.05, 53 fRZL HEL ;b o P<0.05, SHERIA AL
¢ N P<0.05,5 r-GDF11 214,
Figure 3. Expression of GDF11 and LOX-1 in rat

aortic tissue in each group(n=10)

—_
N

)

B4, SARBRENKALFARMUFEXEBRRIE(2=10)
1 AXHIRLH 2 IAERIZ 3 9 r-GDF11 41,4 24 Ab-LOX-1 £H,5 N r-GDF11+r-LOX-1 41,
a i P<0.05, X B LLE ;b o P<0.05, SR U3 ;¢ 2 P<0.05,5 r-GDF11 4 LbAL,

Figure 4. Expression of ER stress related proteins in rat aortic tissue in each group(n=10)

3 17 i

LR T i3 5 1 A 1 i A 8 T2 R S [ 3 Jo i ) T
R i A EE R A ) DR e I A A
BRI LA S5 A T RE A0 R of A RE
LR JE T 55 A6 P A = L o LA B o A8 A L G
JECURRIE N 45 i A5 T A 2 o P 45 2 T g LA % v
JIIDER LS YR A Ve o9 LSS L) e | g R AP i
MR T ZR T B AR A 1R
BB | A R B A R i e 7K S B g

FIEH X R, I HL 5 0 R BRAE AR I Sk A9 ol 4
AL IR LT 2 3 A A, 3 I 1 IR R RS A A
A, ENIMEFE DG HGE , GDF11 155 4 J
YN I G RN AT A%, B0 P B TR, 2 I R 4 o AR
P A F O WL A E AT ARG & B, AN
GDF11 T Fil B A% A R FEAR & 1l oK B il Hs 7K, 2k
S I R B Bl Dk 2E o A R 1 RS A I A AR D
JINDA R T TR T A5 0 B ek A i 4 SR UE SE A
U5 GDF1L 100 AT A5 240 3% v I K B 3 8 ok
EHA
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LOX-1 2 N 52 40 i v 45 4 F Ak ox-LDL 9 3
BLZAR,LOX-1 5 ox-LDL A EAE FH 38 i S Ak 8 ) A
SRR AR ST P K T BE R A5 | 1 400 L 28 B SF  WL A
it 8 A RN B LA K it /N A s AR W AR B,
LOX-1 J R 22 28 ] 00000 J5 2 M v il M R A 0
HEJEL ) % s 22121 ) LOX-1 By 323K FNE (L3 s A 5
TS AR I IN, A BY T RS R A IR
JEARL R ARFgE 45 R o IR B B bk
ML LOX-1 KL B EF &, 4 TH LOX-1 Bk T+
e, e i KRR E B k4 21 LOX-1 Rk A%,
BIHT LOX-1 oAt A i K SRR i i 5 LOX-
1 S5 A BEARR BRI LOX-1 &4, JF Hit
LOX-1 H AT E 8 B3R & 1 R BRI Fe | 0% K
SUESh K A FEAY, BRI LOX-1 £k n] fE &
IGYT i I B A ROH A IR Ah , AR BE A R
7, AN GDFLL JAYT i RS T v i K B 3230
IKEHZ LOX-1 3k, i LOX-1 520 35 1 1 17 FH D) o
55 T HMEPE GDF11 2 & 1 A o BRUf He A i 48 50
FRIRCR . %45 R0 GDF11 AT fEiE i 1842 LOX-
1 Fik BHEPUE R RER

PRI I e X 45 A 493 S5 I ) T S RN R T
B EMFLE AT 5] N 3, TP N M DI fg
LA A0 S 2 S Y A AR R B
PERK ATF6 Fl IREL XJ P4 5T I 3 A 0 s e,
J N BE R F , GRP78/PERK & & 1&43 B, PERK
Y SRR LT . GRP78 & —Fh 3 B Ay N T
PEARER 11, AR T B 25 11 R0 1 T4 v ke 2 S B
R BRgE W, PN I 9 3K 3k 44 AE R L
A RJRAPRSCHER . BRAETRIT A B, M
JoT IO 17 35 PT e P v R A R A ) e R A
W AR M 4 e -4 32 Bl ke 4 1 AR A S R 25
B I R - A v o K AR AR o 0 31 R R
O 38T R AR R R A I T e L O6 T LOX-1
55 P95 I A A A I SR 4R, LOX-1 2 PR TR B
SSMEBT LOX-1 HUAR i A 2 20 it 7T BT GRP78 1
R PERK Fl IRE1 A9 , X R LA LOX-1 3R
IRTT 5| K P B A0 PN 5 2 3, R R LOX-1 ekl
T P B 200 PR P 38 AR R e O K
BBk 2% GRP78 Fil ATF6 25 [ # ik B B 31
B, PERK Fl IRELa 5 R Ak 7K ~F- B 5 7, A0 Pk
GDF11 FIHt LOX-1 HTAR T 03y T 9 & il e oK B3
Sk 40 21 GRP78 1 ATF6 & [ 3 ik, If F& A%
PERK Fl IREla R 1L/KF-, R WISMEME GDF11 Al
P LOX-1 FUAID I T g 1 H K BN 5 I 7 9 i 4%
I LOX-1 B4 8 (IS5 T GDF11 557 % = L K

BRL PR G P 07 95 2 AR ) 0 R P o i SR SN IR
£ GDF11 7] GEE 1 4] LOX-1 A5 14 P4 J5 9 1 3%
IBARE PR i I R KRR A FE A
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