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TCHER G R I NO (9 4 588 AL B B+ SO BREF Y 8 K ELISA 120500 &0 4 D 200 Jd 4 3% 4 480 (reactive oxygen
speciess ROS) M A % . @7 2 BB R 9% (type 2 diabetes mellitus, T2DM) /)N A A, 43 T2DM 41 il T2DM+ Asp
2, B ST R T S CRE AL A KT 16. 7 mmol/L) T Lk Asp(l pg/@) B RIE B HT 13, 2 J8 J5 /I B I8 7 K
O WEET SR DI RE L O WL T T 35 B S R R B O BE RO S N R e s, B R 5 IEW A, HG 4/
CMECs H' SPG20 mRNA } spartin & [132 35 BRI (P<<0.05), 7F HG ¥ 35 444 F . Ad &L J§ CMECs 4 ROS
Fr > (P<C0. 05) 41 I T /K S B AIK (P<C0. 05) , NO Az Bl 38 i 5 A 2 siRNA 3 J5 73 2 A I 45 5 . NAC
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[Abstract] Objective To detect the effects and mechanism of asprosin (Asp) and spartin on the injury of mice
cardiac microvascular endothelial cells (CMECs) induced by high glucose. Methods The cultured CMECs were
divided into 2 groups, one group is normal group (5.5 mmol/L glucose in the medium) and another is HG group
(30 mmol/L glucose in the medium). Real-time PCR (qRT-PCR) and Western blot were respectively used to detect
the mRNA level of spastic paraplegia 20 (SPG20) and protein expression of spartin in CMECs. Upregulation or
downregulation of the expression of spartin was achieved via transfection with adenovirus (Ad) or small interfering
RNA (siRNA) respectively. CMECs with downregulation of spartin expression were firstly treated with anti-
oxidant N-acetylcysteine (NAC) or Asp respectively for 48 h, and then were interfered with 30 mmol/L glucose for

24 h afterward. The apoptosis of cell was detected by flow cytometry. Nitric oxide (NO) production was detected
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by NO probe and ELISA kit. The intracellular reactive oxygen species (ROS) levels were tested by DHE staining
and ELISA kit. Type 2 diabetic model mice were established and then divided into T2DM group and T2DM-+ Asp
group. After the model mice were established successfully (random blood glucose was more than 16. 7 mmol/L),
Asp (1 pg/g) was intraperitoneally injected once a day. After 2 weeks, mice echocardiography was performed to
test cardiac diastolic function. The integrity of the microvascular endothelium was observed by scanning electron
microscopy. Results Compared with the normal group, the mRNA level of SPG20 and protein expression of spartin
in mice CMECs of HG group were significantly reduced (P <C0. 05). Under the condition of high glucose, Ad
transfection induced significant decrease of the intracellular ROS level and the apoptosis level of the CMECs (P<C
0.05), while NO increased after Ad transfection. In contrast, siRNA intervention resulted in opposite effect. In
addition, the antioxidant NAC partly reversed the above changes caused by downregulating spartin. Asp upregulated
the level of SPG20 mRNA and spartin protein expression in CMECs, reduced ROS production, reduced apoptosis
and increased NO production. However, intervention effects of Asp, such as decreasing of ROS production,
inhibiting apoptosis of CMECs and increasing of NO production, were partly reversed in spartin downregulated
cells. In vivo, we found that Asp can improve cardiac function and increase the integrity and smoothness of cardiac
microvascular endothelium in type 2 diabetic mice. Conclusion Asp can inhibit oxidative stress in mice CMECs

through upregulating spartin signaling pathway, thereby alleviating the damage of microvascular endothelium in

diabetic heart.
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Spartin Oxidative stress
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FBE R DMEM 85 9% 3£ (35 [ Hyclone 24 7).
G40 I B AR A (36 ) Sigma A R . 905 S
#] 4 .SYBR #il Trizol( H 4~ TaKaRa /% #]), SZH}
%6 E i PCR(qRT-PCR) 5| ¥ 1 5 4R 2 B} b B2 A=
W AREB RN 4 . Lipofectamine 2000, SPG20
/N 4 RNA (SPG20 siRNA, siRNA J¥ %1.
GCATACGAGAAGGCCTTTA) & 4k ¥ % ¥ %
SIRNA CseRNA) (7 JH i 18 24 Y B A R 28 7D
/N S ELISA 35050) 65 QR YN DLBE 48 37 28 W B
ARAED . MTAH & GEE BD AR . N-4
FME IR (NAC) ALY BB 72O e — 2 2
g ( dihydroethidium, DHE), — 4 fk & ( nitric
oxide, NO) % K5 (DAF-FM-DA) ( | 2 = K
W E R B BR 4 AlD) . Asp (Biolegend 2 ],
spartin —#i Bactin —HT K I F Pt (HIEFL
THAYRHEARAF . a7 CHEA (GFP) %
AR GV314 JEHG 1 (Ad) CE 5 903 AL 2 R
HIRAFD . BEBRAL &R (STZ, WA TRk A R
ONED o FPEEIR AT TR A R B 4 e AL 2 i A B
ANFED . B AN TR (R AR R R 25T .
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10 %6 i 4 L35 /) DMEM 85 % 3 v, I 44 40 il 43k
1 H 2 CEJ R BE Rl 5.5 mmol/L) Fl s i 41 (HG
4, BABHRE A 30 mmol/L),

1.3 qRT-PCR #&illl CMECs 1 SPG20 mRNA By &
%

Trizol P42 B H CMECs & RNA, ¥ # 5 i,
9 cDNA.L SR J5 5% Fl ABI 7900 qRT-PCR ¥ 17 3
BBy 14, 51955 Bractin: F5'-GTGCTATGT
TGCTCTAGACTTCG-3", R5'-ATGCCACAGGA
TTCCATACC-3", SPG20 mRNA.F5'-ATCCCTG
GGAGATCAAGTCAC-3', R5'-CTGCCTTGGTC
TATTGAGGAAC-3", LI B-actin N 3 W, i &
PL27 OB T B A5 DR A X 3R GA A
1.4 Western blot # ill] spartin & B 8 &K %

P 41 CMECs &8 1. [ SDS-PAGE Hi ik
Sy %] PVDF L, F 5 MBI 2R rh Z 3 T &
M1 h, HMHA spartin(l 2 2 000) —#7T . f-actin
(1:30000 —%Ht, T4 C TR, WERE =¥
(1:2000)FF 37 °C,1 h), HJaRHER S
i B 2t s R S B A8 S BRI A% B 6 5%
WK A . LAAS 4 spartin/B-actin JK & B F (N
spartin & H X KL & .

1.5 Ad Bt Fiff spartin RIZEWN SHEBFEE B
CMECs #5155 B % i

¥ AE spartin 7E = B35 S 19/ [’ CMECs ##
i 9 £ 40 A T A 52 56 R I e 7 R g B
spartin 3R 3K J5 #1457 & B T B, 6] 1.5 43 i A
CMECs i 1-,ROS,NO 4: i /K F. ¥ CMECs 4
R 41, AAGFP 41 fl AdSPG20 41, ¥ 7 4
CMECs A#t4T Ad J&Ys, AAGFP 41 40 Jif Jfk g 25 2%
& Ad, AdSPG20 4 40 il e i A SPG20 FHe A 1 i
WEE. Higi iy CMECs & 3 d B4 — W 2 2, 17
CMECs H45# fil 4 5] 80 % ~ 90 % ff . Fi 0. 25 % il &
HEF VAT I AL IE AR IR 1 ¢ 2 He gk Ar 4540, B xt
B 0 40 B R AE 6 AL AR Y L AR B 43 21 KA B T
RAMATEL I HAE. Ad SRS 48 h J5 A 30 mmol/L
() B T 1124 h, SR 5 BEAT & FR AR A
1.6 siRNA 2 T spartin RiEXN SHEES N
CMECs # {5 B %

KRV spartin 2/ 25 T @A S /DR
CMECs i 5 S HAE FHBLHI A< 52502k H] siRNA %%
YR AR R AL B T om o8 T B, RIORE 8 3R W
CMECs 43 R % 7 41 . siRNA 41, scRNA 41, 75 4
M85 Fl A & 35 % ~40 % I L Lipofectamine 2000

SRy e AR o 1 700 2 A ST iR Ak B sIRNA
HYN ML 25 T 5% Y4 ik 5 + siRNA (50 nmol/L SPG20
siRNA) 4b H, scRNA 41 40 ffl 45 7 %% 4« ik 77 +
scRNA(50 nmol /L scRNA)ZbH, BN HEE 34
AL, Fe Y 48 h J5 ] 30 mmol/L 1 % B T il
24 h, il if gRT-PCR } Western blot 43 5l £ il
CMECs tt spartin #3545 {b, DHE 4t {4 } ELISA
R A KD A0 P ROS A B8 Ak i i3 NO 28863
B I 2 A0 2 ARG I 20 B 9 NO (1% Az 5 Fn 41 A
K it — RV saprtin TN #E CMECs $ii £
B HLE . DL K& Asp 75 CMECs i 455 i i 7E T L A iF 5%
TE T I spartin FYFERE 143 54 TP E 4L F) NAC
TFHiA Asp T, T 48 h J5 H 30 mmol/L 47
EBET 10 24 h, [6] B 430 K CMECs spartin
ik \ROS.NO My A= sl R4 i 97 - % . ¥ CMECs 43¢
J siRNA 4H . siRNA + NAC 4 MEF 4 . Asp 4
A Asp+siRNA 41, H# NAC 4 10 nmol/L, Asp
5 50 nmol/L ,%# Y% 48 h J5 H 30 mmol/L ¥ %5 2§
BET 98 24 h, K J5 AT & FR AR A
1.7 #BBA T .ROS.NO 7K F & il
1.7.1 AX@mpRAbn @i A 454 CMECs
HALJE -1 000 r/min B0 5 min. SR J5 FFUE R HIHY
PBS %% 3 k. A 1XBinding Buffer B £ 40 g .
e B E HLZ R 444 R inA Annexin V-FITC #il PI
#% 2.5 pLRAIE M E 20 min, B ALK I 40 5 14 94
1=, Flowjo # #4755 4347
1.7.2 NO %A ml m g i NO 8 4 % 4%
2 CMECs LA 0. 25% [ f§-0. 02% EDTA #7471k
B0 e IR W R R A R A AL 1 X107 Ak
BT 6 fLtl. Femrdlabman, A kE 2 Z1L.
FZIR1 2 1 000 Mol #i B DAF-FM-DA, 29k JiE
5 pmol/ L Bk 25 4 i % 55 52 W . 7TE AL P imA 1 mL
& YA FUR B AT 9 DAF-FM-DA, T 37 ‘CH#4 N
8 20 min, F] PBS BEHAIM 3 K, B bR KA
HEA AN B DAF-EM DA, #4058 F ot b5
PO T LS
1.7.3 %%k DHE & i i ROS 4%
X RO A K B 45 41/ B CMECs 270 F 6 FLARN .
Br2 6 FLARN SR 5L % DHE iR 2 5 pmol/L J5
EFAFLRNIMA 1 mL DHE # B, T 37 CF
BEOEEE 30 min, H] PBS W ¥k 3 WG ¥ E T
O3 IR £ W RUBE LS
1.7.4 ELISA XA &4 ROS &% &
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HAEM . FbrifEd 5FE 3 A 96 LAk H .37 C
T 30 min, #RJEVEMR 5 WG INARIARIAH] 37 CF
30 min, FFPEAR 5 KIGMA B EW, T 37 CFRf
30 min J5 AL 1E % ELISA 32 7 & 1 0 46 )
ROS., 3 L%t BB S 100 %6, 3155 5256 26 15 % 1
Y111 A .
1.8 YW

R TR Asp £E 2 BURE IR O E L 045 458405
T A S S 2 FOE BRI /)N LA S 4
Asp T, 0 IR 75 K 25 0 JIE T 5k T e A0 it 170 ik
AT SE R PER A . CB7 /NEL 40 FL, SR B
TEST STZ J73k™ # sy 2 BB R /I BB Y, 135 iy
/N B BB R B MR 8 R 2 TR R A /)N LRSS A At ST
B (BEHL A =16. 7 mmol/L) J5 .43k T2DM 4
1 T2DM+ Asp 4. T2DM+ Asp 41 /M BT L Asp
(1 pg/@ BRI TS 1.2 J 5 #E 47 LUF Rl
1.8.1 SREAFKR T st ml ¥R IS AT /D R
O IR P R A T O IR ET 5K T e L UL SR A2 wE AT k1)
AE Y 0 (30 3, JF 3150 R PR BT sk R B () 5
N6 300 67 5 70 280 D CAD B EL AR
1.8.2 WEHLE AR T E®RES HEENEDE
HUAS 20 /N L. 0.3 %0 3 B b 2 M I I 1 5 R I, 25 T
JIF2 700 U/kg Bz F 3 4F.30 min LU, 26 /N B 30
Fik 7 & 1 <100 mmHg (1 mmHg= 0. 133 kPa)
BF LA 10 mL AR ES BER i 5 2 480 Ak R B BEIR & 7R 0
AT =R (RT) R 526 & Sk B4 W 15 A7 ) ol
IBC/IN BRC O S 76 25 5 100 457 ) 161 BT A 45 4 4 2 )5 P
T B A B O DR AR A i A ELAR <<
500 pm) JEIEE B AE 10KV T 4 fL T I B U 4%
O WG A PN B A8 Ak TPA o U I RE PN A0 A Y
B B 52 B PR NG
1.9 FHitZEFE

THERRRH o+ £, WA LA
ST REA ¢ K5, 22 41 22 18] 1 L A FH B PRV R O 22 4%
Br.P<<0. 05 h 225 A 4 it2# 5 L.

2 HXR

2.1 B#EXF CMECs H spartin 33& 1) 80

A (30 mmol/L) §%# F CMECs 24 h, qRT-
PCR . Western blot #4558 (& D B/, 5IEW
HAHH , I T SPG20 mRNA Fl spartin & H
(23K (P<C0.05), &/~ spartin Al S5 T H IR
g PN 12 24 i ) s B AL A

3 ki Spartin u——
g 15 g o L .

g S 3 B-actin . -
2 Z — 22 —
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o Normal HG ~ Normal HG
e group group e group group

1 E#EX/ R CMECs spartin 33X #9550
Fig 1 Influence of high glucose on the expression of spartin in mice
CMECs
A: Expression of SPG20 mRNA; B: Expression of spartin

protein; * P<C0. 05, vs. normal group

2.2 L spartin RiE 3 5 iF S8 CMECs #i 5
95 i

4 Bk W, Ad SPG20 % ¢ 5, CMECs [f)
SPG20 mRNA } spartin 2R [ F LW 5 (P <
0.05,/8 2A .2B) s [al iy, 5 A4 Je Ad GFP 24
.. Ad SPG20 24 CMECs N ROS & & /b (P <<
0. 05,18 2C.2D) , H. 4 g} 1= /K F- FE AL (P<C0. 05,
E 2E.NO A= i3 hn (& 2F)
2.3 TiF spartin X E 3 5 #E % S8 CMECs R 5
s

gE % B, siRNA # 4 5 /b B CMECs ()
SPG20 mRNA J% spartin & [ 3 5 ¥ B K (P <
0.05, 8 3A.3B); 5 Ml 4 M scRNA 2 A L.
siRNA # CMECs § ROS & # 3 fin (P<0. 05,
3C.3D), H40 il J8 7= %3 25 (P<<0. 05, & 2E), NO
Az D (& 3FD) . R spartin 3R T RMNE 1 &
Wit CMECs #i/) .
2.4 NAC 3} T i spartin &K% 5 #5155 #) CMECs
4% B9 %2

SR LI 5 sIRNA 4 . siRNA -+ NAC 41
/ML CMECs 1 ROS # 75 f [ AR (P<<0. 05, K] 4A |
4B) 5 [, siIRNA+NAC 41/ B, CMECs # 172F %
(P<<0. 05, 4C), NO A= g3 hm (& 4D) ,
2.5 Asp X Tif spartin KX EEHEFS W
CMECs #5315 Ky 5 i

g W, Asp fig % I/ Bl CMECs SPG20
mRNA J% spartin £ [ # 35 (P<<0. 05, & 5A.5B) , I,
/b ROS B 4 %, (P<<0. 05, & 5C.5D) . Jif /b CMECs 1y
JHT(P<<0.05, & SE), H: 14 i1 CMECs NO 1 4= i
(E 5F), {HFE N I spartin 1) 24l F 457 Asp T
J& o Asp W70 ROS A g A B 120 NO Az i385 fin 4%
i 33  (P<<0. 05, 8] 5C.5D.5E.5F)
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Fig 2 The effect on the oxidative stress, apoptosis and NO production of mice CMECs with upregulated spartin in high glucose
A:Expression of SPG20 mRNA; B: Expression of spartin protein; C:ROS content by DHE (X 200); D:ROS content by ELISA; E.
Statistical results of low cytometry; F: NO content by NO fluorescent probe (X200). # P<C0.05,vs. AdGFP and vehicle groups

Gt L5 G 15}
(=] o
] g g
< o -8
.5 E L0 — R 'g g Lol —x= —_
é- £ Group ‘% g
3o : : 3= #
2 8os " Vehicle scRNA siRNA - 05
=~ 0 4 & 0
Vehicle scRNA  siRNA Practin. u———— Vehicle scRNA  siRNA
e Group Q Group
& 200 "
5 150
s
Z 100 =
g
8o
»w 50
e}
&,
0
G Q Vehicle scRNA  siRNA
Vehicle group scRNA group siRNA group Group
40 |
S 301
€ 20|
a, o e —
2
< 10}
0 \
a Vehicle scRNA siRNA G ot Ay
Group Vehicle group scRNA group siRNA group

B 3 i spartin Xf & ## i/ R CMECs S4¢E# B -1 NO £ B 8 % 1l
Fig 3 The effect on the oxidative stress, apoptosis and NO production of mice CMECs with downregulated spartin in high glucose

A, B, C, D, E, F: Denotes the same as that in fig 2. # P<C0.05,vs. scRNA and vehicle groups
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Fig 4 The effect of NAC on the mice CMECs injury caused by downregulating spartin via oxidative stress in high glucose
A:ROS content by DHE (X200); B:ROS content by ELISA; C. Statistical results of flow cytometry (X 200); D:NO content by NO
fluorescent probe. * P<C0.05,vs. siRNA group
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Fig 5 Effect of Asp on injury cauded by oxidative stress of CMECs with downregulated spartin expression in high glucose
A:Expression of SPG20 mRNA; B: Expression of spartin protein; C:ROS content by DHE (X 200); D:ROS content by ELISA; E.
Statistical results of flow cytometry; F:NO content by NO fluorescent probe (X200). % P<C0.05, vs. vehicle group; # P<C0.05, vs. Asp

group
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Fig 6 Effect of Asp on cardiac function and microvascular endothelium in type 2 diabetic mice

A:Echocardiography; B:Scanning electron microscopy. # P<Z0.05, vs. T2DM group
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spartin K1 T H C-A Ui X 385 22 7 T 26 ki M4 oy 355 .
WEFE R B spartin 1Y T I8 44 52 2 4 g 2ok 44 i fik 0
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