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Effect of miR-29 on mitochondrial autophagy in endothelial cells in diabetes mellitus and its mechanisms "
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Abstract: Objective To investigate the effects of miR-29 on mitochondrial autophagy and insulin resist-
ance of endothelial cells and its mechanism. Methods Sixteen male non-diabetic mice were selected as the con-
trol group,and 32 male diabetic mice with matched mouse ages were selected to construct a diabetes model.
The mice successfully constructed were randomly divided into model group and miR-29 agomir group. The se-
rum levels of fasting blood glucose (FBG) , total cholesterol (TC),triglyceride (TG) ,low density lipoprotein
cholesterol (LDL-C) and high density lipoprotein (HDL-C), fasting insulin (FINS), homeostasis model as-
sessment of insulin resistance index (HOMA-IR) and quantitative insulin sensitivity index (QUICKI) were
detected. A diabetes model was established in human umbilical vein endothelial cells (HUVECs) induced by
high glucose. The cells with 80% rate growth were divided into NC group, HG group, dimethyl sulfoxide
(DMSO) , HG+miR-29 agomir group,carbonyl cyanide m-chlorophenzone (cCCCP) group and CCCP -+ miR-
29 agomir group which were cultured in different ways. The pathological changes of thoracic aorta in db/db
mice were studied by hematoxynin and eosin, Alcin blue (AB),elastic fiber, Masson and reticular fiber stai-
ning. The protein expression levels of BCL2-associated X (BAX) ,B-cell lymphoma-2 (Bcl-2) ,Beclinl , Parkin,
and PTEN-induced kinase 1 (Pinkl) in the thoracic aorta,hyperglycemic and CCCP-induced HUVECs of db/
db mice was detected by protein immunoblotting. Cell scratch assay and MitoTracker Red CMXRos staining
were used to detect HUVECs migration and mitochondrial activity respectively. Results The serum levels of
TC,TG,LDL-C,FBG,FINS, HOMA-IR and QUICKI in model group and miR-29 agomir group were higher
than those in control group,and the model group were higher than those in miR-29 agomir group,the differ-
ences were statistically significant (P <C0. 05). The serum HDL-C level of model group and miR-29 agomir
group was lower than that of control group,and the serum HDL-C level of model group was lower than that of
miR-29 agomir group,with statistical significance (P<C0. 05). HE staining results showed that compared with
the control group,the artery wall of the model group was significantly thickened, the space between the medial
and outer membranes was widened,and the infiltrating cells were significantly increased. AB staining showed
that compared with the control group,blue acidic mucus was visible in the interstitial space between the mid-
dle and outer membranes of the mice in the model group and miR-29 agomir group. Masson staining showed
that compared with the control group,the collagen fibers in the model group were significantly thicker and the
cells were disordered and unevenly distributed. The results of elastic fiber staining showed that compared with
the control group,the gap between the media and the outer membrane of the artery in the model group became
wider and lost the original uneven shape. The results of reticular fiber staining showed that compared with the
control group,the reticular fiber color of mice in the model group and miR-29 agomir group was enhanced and
disorganized. The protein expression levels of BAX,Beclinl,Parkin and Pink]1 in thoracic aorta of mice in mod-
el group and miR-29 agomir group were higher than those in control group,and those in model group were
higher than those in miR-29 agomir group,with statistical significance (P <C0. 05). The protein expression lev-
el of Bcl-2 protein in thoracic aorta of mice in model group and miR-29 agomir group was lower than that in
control group,and the model group was lower than that in miR-29 agomir group, with statistical significance
(P<C0.05). The wound distance of HUVECs in HG group was longer than that in NC group,and the wound
distance of HG+ miR-29 agomir group was shorter than that in NC group and HG group,with statistical sig-
nificance (P<C0. 05). The mitochondrial activity of HUVECs in HG group was weaker than that in NC group,
and the mitochondrial activity of HUVECs in HG+miR-29 agomir group was stronger than that in HG group
but weaker than that in NC group, with statistical significance (P <C0. 05). The protein expression levels of
BAX,Beclinl ,Parkin and Pinkl in HUVECs in HG group were higher than those in NC group,while the pro-
tein expression level of Bel-2 in HUVECs was lower than that in NC group,with statistical significance (P <<
0. 05). The protein expression levels of BAX, Beclinl, Parkin and Pinkl in HUVECs of HG+ miR-29 agomir
group were lower than those of HG and NC groups,and the protein expression level of Bel-2 in HUVECs was
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higher than that of HG group, with statistical significance (P <C0. 05). The wound distance of HUVECs in
CCCP group was longer than that in NC group,and the mitochondrial activity was weaker than that in NC
group,with statistical significance (P <C0. 05). The wound distance of HUVECs in CCCP + miR-29 agomir
group was shorter than that in NC and CCCP groups,and the mitochondrial activity was stronger than that in
CCCP group but weaker than that in NC group, with statistical significance (P <C0. 05). The protein expres-
sion levels of BAX, Beclinl, Parkin and Pinkl in HUVECs in CCCP group were higher than those in NC
group,while the protein expression level of Bel-2 was lower than that in NC group, with statistical significance
(P<C0.05). The protein expression levels of BAX, Beclinl, Parkin and Pinkl in HUVECs of CCCP+ miR-29
agomir group were lower than those of CCCP group,and the protein expression level of Bel-2 was higher than
that of CCCP group,with statistical significance (P <C0. 05). The protein expression levels of BAX, Beclinl,
Parkin and Pinkl in HUVECs in CCCP+ miR-29 agomir group were lower than those in NC group,and the
differences were statistically significant (P<C0. 05). Conclusion MiR-29 agomir significantly improves hyper-
lipidemia , hyperglycemia, hyperinsulinemia and insulin resistance in db / db mice. In addition,according to his-
topathological analysis, it significantly reduces diabetes-induced vascular endothelial dysfunction. In diabetic
thoracic aorta, high glucose and CCCP-induced HUVECs, miR-29 agomir significantly increase the protein ex-
pression of Bel-2 and decrease the protein expression of BAX, Beclinl, Parkin and Pinkl, thereby protecting
endothelial cells from apoptosis and mitophagy. In addition, miR-29 agomir significantly enhance high glucose
and CCCP-induced HUVECs migration, mitochondrial activity. miR-29 ameliorates diabetic induced endotheli-

al and mitochondrial dysfunction by down-regulating endothelial cell apoptosis and mitochondrial autophagy,

suggesting that miR-29 may be a potential therapeutic target in diabetic insulin resistance.
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S 7 A
20 pm . \,_:._\\ 20 um 29 um_
B e L\ . = /7 ¢
miR-29 agomirf
=]
o
173
172}
(]
=
D

EMBFERLEBLER(X200)
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2.5 KHH/NEM M £k BAX.Bel-2.Beclinl \Par- S HESIH%E L (P<<0.05) ., WE 3.4 fiF 5,
kin F1 Pinkl #& [ 3R KK ¥ e A4 Al miR-29 BAXER L | 21 10°

agomir 41/ B 9 M0 2 3 K Bel-2. Beclinl . Parkin 1 — [—|' —T-
Pink1 8 I 35K m T X 4L, BRI 7 F miR- -
N e Beclin1§l‘:‘|50><103
29 agomir 4, Z R W E G IT¥E L (P<0.05), A
2 miR-29 agomir 41/1N UM I £ 31 Ik Bel-2 % 113 rorkinkes [SEA| 52710
IR F o6 Fal, HoAR B4 R T miR-29 agomir PinkiZH @66X103
H,EZEWAESIT¥E X (P<<0.05), WHE4.H 2, B -actin l?__lmxm3
2.6 441 HUVECs #i 1 J5 B o 28 ki A 3% M 1 5 Qﬁ?’
#  HG 4l HUVECs W HEE B K T NC 41, HG+ ﬂqo
miR-29 agomir 41453 F Ji 8§ 4 T NC 41 f1 HG 41, % &
S G2 B L (P <<0.05)., HG 41 HUVECs ¥ B2  SENREOMEH BAX Bel-2,Beclinl,
2k AR 15 M 55 F NC 41, HG + miR-29 agomir 41 Parkin 1 Pink] & B %% (& A RENEE
HUVECs B2 KL K 138 T HG 41,55 F NC 41, % BR)
x4 £ HEMNR B K EF Bk BAX . Bcl-2,Beclinl (Parkin #1 Pink]l EEHRIEKFELLE (=
2451 n BAX & Bel-2 M Beclinl #& 1 Parkin % 1 Pink1 % 1
X B 41 16 0.2140.03 0.7140.02 0.1240.02 0.2340.03 0.1140.01
2 2 16 0.43+0.03" 0.33+0.02" 0.52+0.02" 0.78+0.02" 0.63+0.02"
miR-29 agomir 4l 16 0.36+0.01" 7 0.5340.03" 7 0.2840.02" 7 0.3540.04" 7 0.26+0.01" 7
F 299. 211 956. 471 1520.003 1297.759 5 372,502
P <0. 001 <0. 001 <0. 001 <0. 001 <0. 001

SRR A, T P<0.05; 5,7 P<<0.05,

DMS0%H HG+miR-29 agomirZf

NCZH DMSOZE HGZH HG+miR-29 agomirZf

B 4 miR-29 58 HG F S8 HUVECs BY 2 i {8 iE &
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x5 £H HUVECs (O BEBE R &R F %

b8 (x£5)
4157 n o iR (mm) LRI T T
NC 41 3 0.27+0.02 0.33-40.02
DMSO 4 3 0.2540.03 0.32-0.03
HG 41 3 0.4240.02" 0.1340.02"
HG+ miR-29 agomir £ 3 0.2240.03"%  0.2840.03"%
F 36. 621 39. 540
P <20. 001 <20. 001

.5 NC A%, " P<<0.05: 5 HG 4%, 7 P<<0.05,

2.7 £ HUVECs 7' BAX.Bcl-2. Beclinl ., Parkin
Ml Pinkl 3 H £k K FEHE  HG 4 HUVECs
BAX.Beclinl ,Parkin fil Pinkl ik /K F & F NC 41,
HUVECs 1 Bel-2 RIiEKFART NCH, ZRAS
it E X (P<<0.05), HG+miR-29 agomir 4 HU-
VECs Ht BAX. Beclinl , Parkin #1 Pinkl ik 7K 1%
T HG 4151 NC 41, HUVECs H Bel-2 %35 KFE & T
HG H. =R WA 52 & X (P<<0.05), Wk 6.
A 5,

®6 £ 48 HUVECs f1 BAX.Bcl-2.Beclinl (Parkin #1 Pinkl EARIEKFELLE (= +5)

4151 n BAX HH Bel-2 A Beclinl & H Parkin & Pinkl & H
NC 41 3 0.2440.03 0.1340. 02 0.1740. 01 0.1840.03 0.2340.02
DMSO £ 3 0.2440.03 0.1240.02 0.1640.01 0.1740.02 0.2240.02
HG 41 3 0.7840.04" 0.05+0.01" 0.2440.02" 0.5240.03" 0.4840.04"
HG~+miR-29 agomir 41 3 0.12+0.01" % 0.1340.037 0.08+0.01" % 0.11+0.01" % 0.10+0.01" 7
F 299. 315 9.944 73.572 180. 311 122,424

P <<0. 001 0.005 <<0. 001 <0.001 <<0. 001

.5 NC Al B, " P<<0.05;5 HG 4l %, ¥ P<<0.05,

BAXEH . 21 X10°
Bel-2&H
Beclin1EM
ParkinZEH
Pink1EA

19X10°

50X 10°

——
-52>(103
66X10°

B-actin 43X10°

1 L
\\ng‘?’ ,363‘} @Q’ &
N 0.1,9&

O
v

&

8

& 5 £ HUVECs 51 BAX,Bcl-2,Beclinl \Parkin
M Pinkl EAREEARNITELER

2.8 £ 4 HUVECs B i I B T 2 0 4 3% 2 L
% CCCP 41 HUVECs M5 D E B KT NC 41,2kt
PRIGPES T NC 41, 22 5 W/ G223 L (P<<0. 05),

DMSOZH

~ % Sh

miR-29 #38 CCCP % S8 HUVECs K3E® (b Bl R =200 pm)

CCCP+miR-29 agomir 41 HUVECs B 1 ¥ & % T
NC 411 CCCP 4 , Z& b {4 3% #3 F CCCP 41, 55 F
NCH,.EZ5WAH S22 E L (P<<0.05) ., WK 6.7
Mk 7,

2.9 £ 41 HUVECs tH BAX, Bcl-2. Beclinl , Parkin
1 Pinkl 2 H# XK FHE  CCCP 41 HUVECs H
BAX.Beclinl ,Parkin F1 Pink1 & 1235 7K F 55 T NC
4, Bel-2 H R RKFEMET NC 41, 2 5 H 52
B X (P<C0.05), CCCP—+ miR-29 agomir ¢ HU-
VECs #1 BAX., Beclinl , Parkin Fl Pinkl & [ 3 15 /K
SEARF CCCP 4. Bel-2 ik /K F T CCCP 4., 2 5%
YA S22 L (P<<0.05), CCCP+miR-29 agomir
ZH HUVECs 7' BAX, Beclinl ., Parkin #1 Pinkl &
BRKFEBRT NCH. ZREHAERITHE XL (P
0.05), UL 8.% 8,

CCCPZH CCCP+miR-29 agomirA
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NCZH

DMSO4H

CCCP£H

CCCP+miR-29 agomir4h

&7 miR-29 #3538 CCCP F S8 HUVECs B2 4 5% 1 (EE 51 R =200 pm)

x7 &4 HUVECs m{n QBB K &R fL i

AR (2 £s)

20 5 n BEHEE (mm) RN
NC 4 3 0.284+0.02 0.3340.02
DMSO 4 3 0.2740.03 0.34740.03
CCCP 4 3 0.56+0.02" 0.14+0.02"
CCCP+miR-29 agomir 41 3 0.2140.03°7  0.28+0.03" 7
F 112.933 39.192

P <<0. 001 <<0. 001

W5 NCH &, " P<0.05;5 CCCP 4 %, P<<0.05,

BAXEH | - 21X 10°

Bol-2EE | meme— | oy q(;
Beclin1§8w5ox103
ParkinZE [T | W | 52X 10°
Pink1ZEH miébxwﬂ

[ 3 10
5 D D D

NSt LN
I o

B -actin

P
QQ@A\\
8 £ HUVECs 1 BAX,Bcl-2,Beclinl \Parkin

M Pinkl EBRE(ZEERNTEER)

=8 £ HUVECs #1 BAX,Bcl-2,Beclinl (Parkin #1 Pinkl A RIE K FE LB (= £5)

21 5 n BAX EH Bel-2 M Beclinl & 1 Parkin & Pinkl &1
NC 4 3 0.3140.03 0.3240.02 0.1840.01 0.2240.03 0.1840.02
DMSO 4 3 0.29740.03 0.3140.02 0.1840.01 0.2140.02 0.1840.02
CCCP 4 3 0.7040.04" 0.10+0.01" 0.4940.02" 0.634+0.02" 0.25+0.03"
CCCP+miR-29 agomir 41 3 0.1240.01"7 0.1740.03" 7 0.08+0.02" 7 0.1040.02" 7 0.084+0.01" 7
F 206. 306 77.562 380. 314 310. 521 32.612

P <<0. 001 <<0. 001 <<0. 001 <<0. 001 <<0. 001

5 NCAE, " P<C0.05;5 CCCP 4l Lb#, ™ P<C0. 05,
3 3 e

IR I 23 18 00 0 A5 0 1 R A R L e
e W P L4 S 350N B 2 R4 405 . N B2 T e R R
S WP O A R SN L F R AR
FR 25 1 T RE S oA 5 W PR TN B2 T R Y R ARG, AR
WF5% & B, miR-29 Al LAl 33 T i db/db /)N BN K2 4
Jf, A K = B CCCP 53 ) HUVECs 19 i/ T Fil 48
LA 1 0 A Vol A W T s PR B R R A Ty 1

ARBEFEHE ST T LA e B ILAE = IO L s e 2R i
it FBE 5 3R S0 R R AE 098 PR % db/db /) BB A,
L R IR , miR-29 agomir 6T 6 J&, W FEAL T
% TC.TG,LDL-C, FINS, FBG 7K ¥ & HOMA-
IR, QUICKI, 2 & Ifi. 7 HDL-C /K ¥, 4% i #F 58 %
B, miR-29 J2 R & 22 i 98 1 i 25 5 A 3 A e o Ak
F R AT T S i IR % Sh T BE S R IR R
18P R AEA L, WA AR TG I AR &
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HRPL 0 1 D g 58 2 S8 I P ) U L
F Ty fit B A5 R o IR S 5 10 0k S T IR L AR
ZH 205 3 2 WL B2 45 R W8 L db/db /s B 3 3 Bk s
M4 Y B I RERE AT AU BLS: . miR-29 agomir &35 (3%
B PRI 5162 B db/db /s BRI A P9 B2 ThRE . W b
FFiR s miR-29 AT LR oxLDL™ | ifi 45 %5k % 11"
R 5 I N R DI RE RS . Uk, #F X miR-29
(4 205 ) TF S X W R s VY B2 1 R R A T BE L AT R AF Y
HITIEA .

T B S B PN B ) i R A R B IR AH G I A -
FE K B R AR N EY . I AR R T
W50 HUVECs., R 9% I 32 30 bk Fi s 15 5 19
HUVECs 330k 4 5z F1ZE kL 1R T g e g . 4 ki ik
Bl J1 2 RGOk R e SR R Y R R R S Y O
TR SR B T 25 0 2l Al ek R 7R AR DR S S 0
R iR ng h K R B E BT, Lkik A
WE SRR L b AR T A B LA X R 1 AR RN
SRRV S 2R AR R WAL 2 R AR B 52
BN AL NTRDE i c o T o A ]
TIEFE 22 B L 2 N B A0 R R A 19 g T LR AP N R A
Ji B 32 v IR Y 52 e, B 4N, [B) S S T A MY GE A
Pink1/Parkin {55 38 f# 4K 1 0 2ok 4k [ W 0 2 =
MBS 00 P B 38405 o 3 G 0 20 O T AR e
(BAX F1 Bel-2) FMZbL A 5 Wi b5 12 %) (Beclinl , Parkin
Al Pink1) , AR HF58 W2 5] miR-29 agomir &t ik 3% T
W5 PR 93 18 32 3l ik R = s = ) HUVECSs 19 40 i 95 1
LRI 5 AW, 2R RS B 5 — A AL A N B
A ) ) R B A 55 5 B P B RO I A 5K Gk
B o 30 2 Bl DR P9 B Zh RE B A0 1 A B4R . P
Bz 4 B 45+ R Ty BE 04 78 Ak S 14 2200 M 0 11 s B
Senh Ju R BE R L TR P B T B A Y A
B, fEARWSE P, miR-29 agomir A] DL 4 & i
10 PN R A0 R T A O A T R B A, DT B i A
TR 5, R, miR-29 W] BE 4 2% .0 1fi 5 955 0%
R R, B I LG BE 20 L 48 e S8 & A AR 0 T i

W AR CCCP A #40 Jd , mT DL 7E S 56 4%
P8R il 2R 1A 25 B b DUBE 400 2R hE 1A 1 005 0k BT
CCCP 3 SR04 P 1 5 e 467 S T R, K 2 3 4
5 RN R NN e S R N NG @ & B 1A
(97, Pink1 Al RIS £ PR 1K Parkin 55 48 2152 451 40
I A A A v AT 5 5 e A I R0 B A e A
Ftfb , Pink1 25 ik 50 B i 3% 42, 4% Parkin 5548
EAIES R TR NG I R Y U S TR LN RGeS 3 R LN €
W, PR, CCCP i i #iG Pink1/Parkin {7 538 i
ISRV ES A NI R (s A N AR VA 7 5 A
. miR-29 3@ 3 T #8 Pinkl. Parkin fil Bec-

linl MY523A, B #F % # CCCP % $ 1 HUVECs 4 ki
AW, S22, AR REN, miR-29 agomir IGIT
A LT M DR 9 15 5 1) PN B R R AR 1) RE B

g LTk, AR BEGE R BTE db/db /N R I 3= 30
Jik « LA B i 8 A1 CCCP 5 % 1) HUVECs 1, miR-29
VR T PN R AN A R T R kAR . Ak . miR-29
e = BB CCCP #5511 HUVECs WiE# (£
BRIEYE, L, miR-29 HL AT VA 136 97 B R R Y
B FNGRLAA T) RE R i 10 0 2 5 0 B Al R i R T
DR IRLNER U

S % 3k
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