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[(FE] B it/ RNALSa(miR-15a) % & 4815 5 00 SRR B 52 400 (LECs ) Bt & 4k 1 38 RE
B PEAE ] LT REMVE LS . F73k  UREENE PR Pk (PO BE (DC) B8 5 R 1R Al 8 B 2 2 A % e it
AR 2 AL ZUBR AR 45 26 A, SR B SEHT 22 6 E B PCR 35l Western blot 1 43 545 41 21 b miR-15a FIUTER(E B
VA 1(SIRTL) ik . U SIR R B i 40 i 2 HLEB-3 41243 51 F 0.10.20 F1 50 mmol/L 7 24 4 & 14
T FE 24 h, R FHSEH 9800 E & PCR Y& A I 40 i miR-15a 3% 3K ;5% A Western blot 35 45 il 4 Jifd H SIRTI1 X
kB SRR F 3a(FOXO03a) (p53 25 [ 3235 5 2R FH U =2 4t M A A I 28 M R 125 R 27, 7 - A SO I W L 1R Eh
(DCFH-DA) #5752 I 20 ffg P U5 M 306 1k 480 7 (ROS) & dt, 32X 500 60 6 00 440 e P 9 2 30 M 40 B L 401k B
(T-AOC) A fb W L AL B (SOD) (4 M H Kt A Ak W B ( GSH-Px) 36 4 X N 18 (MDA ) ¥ & o #F miR-15a X
TN miR-15a 3 77 43 51 4% 44 2= HLEB-3 41 Jifd , 7€ 50 mmol/L % 8 4% 4 T K5 7% 24 h, 5% ¥t =X 40 it A 6 )
AN A T2 ;2R F DCFH-DA 46 00 40 i P9 U8 1 ROS 283K 5 5% FH 00 546 0 41 ity P9 U8 ¢4 T-AOC .SOD GSH-Px §if
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e An iy SIRT1 . FOXO03a fl p53 ZE (A FKik, LR miR-15a 6 15 7 dib DR 14 i 28 B AL 20 ep (1 A X e ik &
0.2120. 02,1 F DC B & SR RT3 41 41119 0.96+0. 10, 22 544 G5 1127 X (1=12.231,P<0.001) ; SIRT1
TEIEF il R AR 10 38 2 20 b i AR X 63k 6l 0.89+0. 09, /= F DC /B3 fctR AR AT 2 B 41 2 iy 0. 31+0. 05, 2
SAGFE X (1=8.964,P<0.001) , i % 4 % W5 B A9 350, 40 M miR-15a FOXO03a F1 p53 FHXf ik it
B, SIRT1 25 F AR 6 2635 1 T B, 40 08 T2 R 7F = , ROS % 5 F MDA Y& 3% fin , T-AOC ,SOD Fl GSH-Px {if 1
TR, 5 WA 5% X (¥ P<0.05) , miR-15a X} B8 2 40 ffd 7 7= 2% | ROS & & Al MDA ¥ & & F miR-15a
74, T-AOC . SOD 1 GSH-Px {GEPEAL T miR-15a i 5 41, 22 5 3°F G T 22 & X (3 P<0.05) ., miR-15a
X BE 41 SIRT1-37-3F 12 X (UTR) -7 A= A (WT) g 45 5 R 14 5 6 28 B 05 14 B 8 AR F miR-15a J I FI4l, 2 7 F
HitF R L (1=5.978,P=0.004) ;2 440 SIRT1-3-UTR-Z8 28 B ( MUT ) 4 45 3 K 78 2 0% & i 7% 11 22 =% K43
2ERE N (¢=0.432,P=0.688) , miR-15a X} B 2 40 g FOXO3a F1 p53 & [ AHXF 2 1k i 0 1 /5 T miR-15a #1fi 551
21 ,SIRT1 & [ AH XS ik & W] AR T miR-15a M 4], 22 F WA il 2= 8 X (¥ P<0.05), £ miR-15a
BEAM I B B A S T LECs (40 5 AL i B0 45 6 7, 2o ml 5 J2 38 5 30 ki SIRT1 33k i 1 % FOXO03a Al p53 1y
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[ Abstract] Objective To investigate the effect of microRNA-15a (miR-15a) on the anti-oxidative stress
ability of human lens epithelial cells (LECs) induced by high glucose and its possible mechanism. Methods The
anterior lens capsule specimens from patients with diabetic cataract (DC) and healthy donors were collected. The
expressions of miR-15a and silent information regulator 1 ( SIRT1) in the specimens were detected by real-time
quantitative PCR (RT-qPCR) and Western blot, respectively. The human lens epithelial cell line HLEB-3 cells were
cultured with 0,10,20,0r 50 mmol/L glucose for 24 hours. The expression of miR-15a in the cells was detected by
RT-qPCR. The expressions of SIRT1,forkhead transcription factor 3a (FOXO03a) ,and p53 proteins in the cells were
determined by Western blot. The cell apoptosis was assayed by flow cytometry. The endogenous reactive oxygen species
(ROS) content in the cells was measured by 2, 7-dichlorodihydrofluorescein diacetate ( DCFH-DA ). The total
antioxidant capacity ( T-AOC ), superoxide dismutase ( SOD ), glutathione peroxidase ( GSH-Px) activity, and
malondialdehyde (MDA) activities in the cells were identified. HLEB-3 cells were transfected with miR-15a control
or miR-15a inhibitor,then incubated with 50 mmol/L glucose for 24 hours. Cell apoptosis of the transfected cells was
detected by flow cytometry. The endogenous ROS expression in the transfected cells was determined by DCFH-DA.
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The T-AOC, SOD, and GSH-Px activities as well as MDA concentration were measured. The relationship between
miR-15a and SIRT1 was verified by dual-luciferase reporter assay. The SIRT1,F0OX03a,and p53 protein expressions
in the transfected cells were detected by Western blot. This study was approved by an Ethics Committee of the Second
Affiliated Hospital of Zhengzhou University ( No. ZDEFY201803160023 ). Written informed consent was obtained from
each subject. Results The relative expression of miR-15a in normal lens anterior capsule tissue was 0. 21+0. 02,
which was lower than 0. 96+0. 10 in lens anterior capsule tissue of DC patients, and the difference was statistically
significant (¢=12.231,P<0.001). The relative expression of SIRT1 in the anterior lens capsule tissue was 0. 89+
0. 09, which was higher than 0.31+0.05 in the anterior lens capsule tissue of DC patients, showing a statistically
significant difference (¢=8.964,P<0.001). With the increase of glucose concentration, the relative expression of
miR-15a,FOXO03a,and p53 in cells increased, and the relative expression of SIRT1 decreased;the apoptosis rate of
cells increased; the ROS content and MDA concentration increased; the activities of T-AOC, SOD and GSH-Px
decreased ,and the differences were statistically significant (all at P<0.05). The apoptosis rate, ROS content, and
MDA concentrations were higher in miR-15a control group than miR-15a inhibitor group, and the activities of
T-AOC,SOD, and GSH-Px were lower in miR-15a control group than miR-15a inhibitor group, with statistically
significant differences (all at P<0.05). The luciferase activity of the SIRT1-3"-untranslated region (UTR)-wild type
(WT) reporter gene in miR-15a control group was significantly lower than that in miR-15a inhibitor group,and the
difference was statistically significant (¢=5.978,P =0.004). No significant difference was found in the luciferase
activity of the SIRT1-3-UTR-mutant type ( MUT) reporter gene (¢=0.432,P=0.688). The relative expressions of
FOXO03a and p53 proteins were significantly higher in miR-15a control group than miR-15a inhibitor group,and the
relative expression of SIRT1 protein was significantly lower in miR-15a control group than miR-15a inhibitor group,
showing statistically significant differences (all at P<0.05). Conclusions miR-15a can inhibit the anti-oxidative
stress damage ability of LECs induced by high glucose,which may be achieved by inhibiting the expression of SIRT1
to up-regulate the activities of FOX03a and p53,and aggravating apoptosis.

[Key words] Oxidative stress; Cataract, diabetic; Epithelial cells, lens; microRNA-15a; Silent
information regulator 1; Apoptosis
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ARG B IRABEFE DC A B, -8
Piif e =K E B, SRR B B 40 L (lens epithelial
cells, LECs ) (1% 4 b N 458 £ 2 o 0 3R 358 1 il bR 14 TR
P E BN 2 " SN R 4R LA SZ B
Ja , rE M K TG M 45 (reactive oxygen species, ROS) ,
 H AL X L B 3 B L B ROS S5 4 B R AE 1R
P9 B 2 M P B, AT 5 A R e Y L i
/I RNA (microRNA  ,miRNA ) J2JE 4 #% RNA | BB 4R =7
TH IO L IR Y 3 7-3F B9 X (3 "-untranslated region, 3 -
UTR) , i o 5 58 58 A 58 4 50K 7 oAb 25 5, 5 SR 5
PRI A e e el ) LR 0 AR R MO WS & B, 2 R
miRNA 7 LECs B % AL Bt 05 b 2 5, 2 5 8
PRI % 2 A JE . miR-15a & miRNA 52
G, HTE AR LECs b 2 R ki, Higis T
LECs J 1" . Cho %" 4t i , miR-15a J& B bR Ji £ 2%
BEK 8 Dy oK b 22 & R GA Y miRNA 22—, fH
miR-15a 5 DC &A= FUL JE 1) & & i A B . A BESE
P DC 35 LECs 1 miR-15a #3515 00, IR 483+
miR-15a X} @& #5555 T LECs $it %A N RE 11 19 52 i

1.1 #HK

L1.1 HERA R AMRIR Yk 2018 455 H =
2019 4F 10 A T HRIN R~ 55 bt s B2 e kA7 7 LAk
1P B LR Y DC AR 3 AL 26 {51 26 HIR bR 4% i 3
HLEFAANER DC 4, Hrp 55 10 4] 10 HR, % 16 4] 16
R AE WS 61~82 % P34 (70.35+4. 56) % 5[] I B
PR 27 5 — Fi Jis B g £t PR L 4K 26 f5i] 26 IR 2 W] o AR 14k
T 2 A o T o BR A, e g 11 ) 11 R &
15§ 15 HR, 4F % 61 ~ 84 %, 44 (69.73+4.49) %,
2 > AfCER R I 20 JIE 2H UK PN TR AR % A S L 4] B
BESYHGI#E X (¥ P>0.05) , KA A LECs
HLEC-B3 4 il ik (B} B b 6 40 M%) o

11,2 F20C0 e AUA:  DMEM 85 3% 3k iR 4 i 7%
(fetal bovine serum,FBS) G418 L EE JJ (total antioxidant
capacity , T-AOC) B4 fb ¥ L ( superoxide dismutase
SOD) . 4 Bk H Ik i & 4k 9 B ( glutathione peroxidase,
GSH-Px) .if Jji B 23 Bt H ik ( glutathone , GSH ) | P — [
( malondialdehyde , MDA ) & Jll 555 & ( 138 < KA W)
BARABRA A ) ; miR-15a 0] ) . miR-15a Xf IR ( i
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T 3P /A 7] ) ; Lipofectamine™ 2000 27,7 - — 5 %% )t
W 2 R £h (2, 7-dichlorodihydrofluorescein diacetate ,
DCFH-DA) % &4t ( 35 [ Sigma /3w ) ;Trizol & RNA
il F2 R & CCK-8 3170 & (UM 10255 2 ) ) 5 B4t
ANUTER 5 B 875 5 (1 1 (silent information regulator 1,
SIRT1) — #t (703368 ) . & it A X 3k ¥ g I 7 3a
(forkhead transcription factor 3a, FOX03a) — #ii ( PA5-
104701) A4 N pS3 —HT (MAS-12557) | 1l 1 e B
R ALY bR IC Y TgG (H+L) 47 (A32731) (K [H
Invitrogen 7\ 7] ) ; Annexin V. FITC/PT JH 773857 & ( 3£
BD 23w ) 5 9¢ 0t 2 il 4 A i A ) & (56 R
Abcam 23 7] ), o %O B # 8% ( H A Olympus 2
Al) s BEAR AL (26 8 Biorad 24 ) ) 5 S22 i€ it PCR
(3¢ [ Applied Biosystems 2% F] ) ; 5% 4h 73 06 06 BE T
(11 Eppendorf 23 7] ) 5 it 40X (S BD 2 #)) o
1.2 J5ik

1.2.1 SRICHTRBE WS (1) DC A b AR 1K i 2
i DC A7 A FLAL P B dig R G R e, LA
SEA S U B AR 5.5~6.5 mm {4 5 XGE K
ka2 0y, B AGRAFAE R T -80 CARAF A .
(2) IEH X IR AH AoR AR BT JE I TR 2 TR BT T
SEREAE L E TR B BB T BT T IR 2K, ¥ B & IR 1 s
WA DK B IR e b B I v S R ), 58 R IR A
B IR, D25 1] R 0K i 90 55 o 0 3R T 44 T
Jrh e K 3005, 5 mmxS. 5 mm i A iR R, AR
RGBS, W BR SRR K BT, PBS whk S, Ay A 2 B,
THRAFE T -80 CORAF& M . ASHETE 2 M K2
55 M Jm BE B A B & 5L o W R ME (I TS
ZDEFY201803160023 ) , Bff 5% % 5 34 2 2 1% 7] 2543 o

1.2.2  SCHFZ G 1 PCR A I b R A< iy 2 i 24 21
HomiR-15a 35 IARAER DC 2 A IE B %) IR 20 SR
(LN 3R WO F 7% N 1 = B R DR O 5 % N S O] 2
K, A 1 ml Trizol 3K, 2 M Trizol 5 RNA $ifj #2357
UL B ARICE RNA, JF % 5% cDNA L B 2 ul #2
# cDNA 47 PCR 917, U6 5| ¥ 1E [l ¥ 41 Ky S -
GCTTAGCTTCGATCGGCTAA-3 “, Jz In] J¢ 5 g 5 -
GCTTAGCTAGGCCCTACCAC-3";miR-15a 5|4y : IE 8] ¥
5k 5 -CGTTTCGATTGCCATTACGC-3 ", Iz [a] ¥ 51 ly
5-GCTTTAGGCTAGCCATGCTT-3", 2255 fr 51 W)
AT TR i) I A RS F & i 378 251
94 CTIAZ P 2 min; 94 C 48 4 30 5,55 C i k 30 s,
72 °C HE# 2 min, 3£ 35 G ER; 72 C A 4E 1 6 min,
LA U6 2 SR A 27 AR B 535 miR-15a
AR XS Rk i, SR EEA 3 IR

1.2.3  Western blot & K il & bR {4 fif 28 i 4 28
SIRT1 F M FRIE BRI AR RAE ) DC 4 FIE 5 X IR
A R R 2045 1 0%, BT U0 /N B, BRI o, 2
A1 ml BEE 5] 4 h, #5520 mg 20 41 100 ~ 200 pl
(4 BB A 2R P 2R, A VKK P A 3 3R 1 min,
14 000xg .0 5 min, B3, K 8 (VR . BUER (A
FEE A SDS-PAGE #E ik INFEFLEAT HL UK, 56 B 2
PVDF Ji§&, ] 5t & 53 %% 5% M Bg W5 4 % I B 141 2 h,
TBST i F Y% B 3 min, fif A SIRT1(1:500) 5 B-actin
(1:800) —#i,4 CHEF &, TBST Y% 3 &, K
10 min, Jin A% R 40 (1:1000) , E | FWEHF 1h,
TBST Pk 3 UK, &K 10 min, il A FC #4719 ECL &%
WG E 5 min, fh 2% B G EE I AR A R A B
5 Eo R Image pro plus 6.0 347 554 K B 43
BT, Lk B-actin A2 M 1H5 SIRTL 25 [ AH XS ik &
SR M ST A 3 K

1.2.4 HLEB-3 40l S AL BB AL 1 il 8 B R A7 1
HLEB-3 4 i fift o &2 95, f B & (R B4 80 10% FBS 1)
DMEM $% 75 3% 5 2 40 i I 3R F 96 FLA H , Ke 4tl i
F 37 C MG H 5% CO, M NREFR, B 2 R
W1 UK, 0 M E A T 80% INF, B 4k b A & FBS Ry
DMEM §; 5% 3 I 43 5 A £ #e & 0,10, 20 Al
50 mmol /L # %4 Bl , 5 VR BE R 6 AN AL, T HE A
HYRSEREE 24 ho SbaE AR T AR AN RIE A kg
1.2.5  ZffEye B B0 HLEB-3 i Lh 2x10°/ €L
(%% BE F2 B0 T 6 FL AR, 45 4 43 2 miR-15a Xf B 2H AN
miR-15a 3157 £ , 3¢ BE 6 4357 LipofectamineTM 2000
VLT 4540 9 %% Y miR-15a X P8 A1 miR-15a 0 5 577 , 45
HIE 6 ALY ANM 8 h 5 K 45 AL 40 ML 5% B =
£ 50 mmol/ L Hj% B 1) 78 2 R R S AR S 1G5

1.2.6  JaN4NMARK I A& AR T-F PO
J3E 4 2 B DA A5 B e 1 45 9% 24 h (¥ HLEB-3 41 fid, i
BB L, B PBS eV 2 W, .0 2F1£ 10 om,
2 000 r/min .07 LG B 41 E BT 200 pl 454
L, A 5 pl Annexin V-FITC 827, % il &
TRV 15 min, 482200 A 300 pl 854 2% W, -
FERTIIA 5 wl PT,F 1 h PR FH 9 X 200 A4S0 A 00 4 i
TR, ARG, 2 L LRS- 400, 4
PR Sy e AR T A, AT SRR R T 4, 40
B JH T = R A TR A R TR SR E R
3. KT 50 mmol/L i A M55 F F 15 5% 24 h 9 45
FEY AN, R A ARG T A0 U T S
S 3R

1.2.7 DCFH-DA 5¢ 688 £ i 46 0 45 20 40 Al o9 U5 4
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ROS & M40 L 1< 10° /5L 1) %5 B 2 Fh F 96 4L
B, AN [ e 2 i 25 M 8% % 24 b, W26 B R0, A
10 pmol/L DCFH-DA Z&SGR M AW, i = I &
20 min, F¥e 1Y PBS Yk 401, SR 2 2 e bR AR Il
PR LA, JHBOG A 30 3R 4R W0 I, R B Uk
JEAL Sy 485 nm, B OGP A S 530 nm 525 N7
HE 3 W W S0 mmol/L i A 4% A 4 K 5% 24 h iy
BN , R ] FR DT R B AN LN ROS 5 &
SEE S A 3 K,

1.2.8 700 & A6 4% 41 410 Jfs T-AOC . SOD , GSH-Px
GSH G P e MDA YR FE WUAS [m) ok J32 4 B 15 77 24 h
20 I LA S S0 mmol/L 4 % b5 25 7F T 15 9% 24 h 19 4%
e 20 A0 M, SR FHAH I 3R] G Ul B S R R 2B R DL BRI
JirVE AGEI 20 if rh T-AOC I, DL W 8 4 A4 il 325 A6 )
SOD i 1, A i AR il 56 8 R 125 K ) GSH-Px FlI
GSH i 1, DAAR AU e 235 A I MDA ¥ &, S5l
SLEE 3R,

1.2.9  sZAf2¢ 6 = PCR 3% & I 45 41 40 g
miR-15a 3k WA [ ik B2 7 2 W 35 9% 24 h i 40 e,
K122 J7 BB BOF T miR-15a (9 40 XF R ik & .
SEER Sy A 3 K,

1.2.10  Western blot 2 £ Il £ 21 4 g ) SIRTI
FOXO3a ,p53 # 1 k AR A [R] ok 2 7 4 B 1 5%
24 h (AL, RIPA R IE EE & 1.2.3 J7
¥ 3k 4T Western blot #& i, 3£ SIRT1 (1 : 500) .
FOX03a(1:500) ,p53(1:1000) ,B-actin(1:800) —#i
4 CHWFFLRE, “P(1:1000) %R THEF 1 he DL B-
actin Jy N Z M1 H B AR SRk & Seeh
SLHES 3 K. W50 mmol /L A 2 HE B 7R 24 h i & B
U 2H 40 B, DA B3R 5 2 U 48 ffg ) SIRTI, FOXO03a
pS3 HHERYAHXS FRIk . LM EE 3K,

1.2.11  miR-15a $8 PRI K X2 Ot 2R il 41 5 56 P
A R T HiE miR-15a 78 HLEB-3 40 i i & #% 4= 9y
7 DI RE B HE m] /E A A, B miRanda | TargetScan %4 4fg
JEFUM miR-15a f9 ¥ 76 8 && A, H b SIRT1 1E
miR-15a §) 3"UTR F A3 45 5 07 5 o FF X B0 4 g LA
2x10°/FL % BE 32 Fh T 24 FLAR, L Renilla 525 3K i
JiRE (100 ng/fL) %% Ye /4y 4f B&, A Lipofectamine
2000 ¥ 9% 5 K M iz 2 4 44 [ SIRT1-3 ~UTR-%f 4 #Y
(wild type, WT) af SIRT1-3"UTR-% 48 I ( mutant type,
MUT) | 5 miR-15a XJ B8R0 i 77 e 5 Gy 28 20 g, 24
JL e G 24 b, FRLE G 2R B i A ik DA 0 30 4 00
POCR MGV, em Ay H A 3 Ik,

1.3 Sil2or ik

K SPSS 19. 0 GEit2a A b T it o b o iH AL
PR 2 Shapiro-Wilk £655 5 1E 25400, LA axs 2R, 41
[ B4 22 Levene K650 75 22 5% o A W] W JBE ] 4 B 2% 1F
40 ARG A A 22 S B AR LG R T B R O 2 )
Br, Z # B R Al LSD-t 5 %o miR-15a X I 26 Al
miR-15a 1) i 75 41 1) 4 45 I 45 b5 22 7 L850 T S7 B
A ks, P<0.05 2 5FA S 3

2 #R

2.1 A2 AR AR 5 21 2P miR-15a FI SIRTL
RIKHE

IEH X IR miR-15a A X 3% 35 ] B AR F DC
M, ERAGIEE L (1=12.231,P<0.001) o IEH X}
M2l SIRTL [ 4540 K W 2 58 F DC 2,2 2]
SIRT1 FEHAXF R R L, ZRARITHEL(1=
8.964,P<0.001) (K 1,3% 1),

TG R A DC4

_ — |||

Bl ZARREEEAAS SIRTI E5RZERKE DC 4
SIRT1 7K [ 4541 38 B 0 0E 3 % RAH W] Wk 55 DC. W Rtk i
B SIRTL: YUER(E B &R A 1

Figure 1 Electropherogram of SIRT1 protein in the anterior lens
capsule The SIRT1 protein band intensity was significantly weakened in
DC group in comparison with normal control group DC: diabetic

cataract ; SIRT1 ;silent information regulator 1

%1 2/ ¢EmiR-15a 1 SIRT1 & QXN RIABLL B (xxs)
Table 1 Comparison of relative expression levels of

miR-15a and SIRT1 protein between two groups (xz=s)

205 HEAR  miR-15a fHX R B & SIRTI1 # [ AR X ik i
I % B2 3 0.21+0. 02 0.89+0. 09

DC 4 3 0.96=0. 10 0.31%0.05

t 12.231 8. 964

P1H <0. 001 <0. 001

T (S FEAS ¢ 42 80)  miR:fvh RNAGSIRTL P0IRE R EA 1;
DC 4 PR 1 A o

Note: ( Independent samples ¢ test) miR : microRNA; SIRTI ; silent

information regulator 1;DC:diabetic cataract

2.2 A [R]e JRE E  E A B AR R 2 e AR

0 mmol/L 4 ] # 4b ¥ ) HLEB-3 2 Jfl K /h 1 —,
WG OG T 20 R B B R B A, 40
JETE A5 A A AN WL I, 240 6 407 24, 0 B A% 5t , 4 Y i 2 5
BARIFERE(E 2) .
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100/jum - ¢ 1 100 um
e

B2 FARREFHFELEABIESZEMNE (X200, R =100 pm) 0 mmol/L 4 %4 AL BE Y 41 A F AR B, Bt 82 2, Bl A& o B2 o 38 ﬁlﬂﬂ’@ﬂ&
ARE A AE  BE V> A0 mmol/L B:10 mmol/L  C:20 mmol/L D :50 mmol/L

Figure 2 Morphological observation of HLEB-3 cells after treatment of different concentrations of glucose ( X200,bar=100 pm) Cells treated
with 0 mmol/L glucose were in regular shape and the number was large. With the increase of glucose concentration, the shape of cells changed and the number

decreased A :0 mmol/L. B:10 mmol/L.  C:20 mmol/L D:50 mmol/L

2.3 S [A] e R A A B AL PR AN N miR-15a K SIRTI
FOXO03a fl p53 % 147535 e %

YA rh miR-15a A XS 3% 35 5 Bl & ) 7 W Tk B 1 3
T, SR 2 A G B L (F =38.904,
P<0.001) , 4iffer FOXO3a Fil p53 & [ 457 FH X K HE
{1 it 5 4 70 WA 32 %) 184 n T 34 52, STRT1 8 1 2% 45 A0 XS
IR 85 I 5 4 7 e %) 345 o T 9 553 5 4% AN [ e 3 7
B ZAF T 40 il Hh FOXO03a ,p53 il SIRT1 £ [ A 4 & 3k
KRR ZES A5 B X (F=50.771 67. 135
45.534 34 P<0.001) . £/ [7] #e B 48 245 0% 2% 8 T 40 i
i miR-15a . FOXO3a p53 F1 SIRTI i % 32 i & ¥ Wi 1t
B ESBAS S E (3 P<0.05) (K3, 2),
2.4 Kﬁ%&%%ﬁﬁiﬂ%ﬂ@ﬁt%tbﬁ

0.10.,20 F1 50 mmol/L 7 % 4 &b B 41 i (% 93 12 %
S350 09 (3.02£0.47)% . (10.20+0.91)% . (13.32+
2.01) %1 (25. 40+ 1.46) % , ja 1k 105 25 S A5 Gi it 2
B (F=13.311,P<0.001) ; i 25 5 %5 0 v B2 15 fin, 40
MO8 T B R b 22 S A S R L (B P<
0.05) (& 4).,

182. 238 ,133.766 ,191. 744 3 P<0.001) ; fifi 5 %] 45 %
Vi 2K, 40 L 7 4 T-AOC  SOD | GSH-Px i 75 F K%,
MDA ¥ & T1 1 , 4L 1A) B A 22 57 95 A G0t "2 T8 L (3 P<
0.05)(#£3),

A S A - SIRTI
L R s W FOXO03a
L — . — 53

B3 HHAXREKRERHEELENM S SIRTL, FOX03a 1 p53 &
IKERIKE B A A B T L AR R FOXO3a il pS3 B AR
BTG SIRTL 8 4075 B8 s SIRTL: JUE B EA 1
FOXO03a: X k% F 7 3a  1:0 mmol/L 3% ¥ ;2:10 mmol/L 7 %4
i 33:20 mmol/L %5 8% ;4 .50 mmol/L % %5 bl

Figure 3  Electropherogram of SIRT1,FOXO0O3a and p53 proteins
With the

increase of glucose concentration, the intensity of FOXO03a and p53

in cells treated with different concentrations of glucose

protein bands increased, and the intensity of SIRTI protein band
SIRT1: silent information regulator 1; FOXO3a: forkhead
transcription factor 3a

3:20 mmol/L glucose ;4:50 mmol/L glucose

decreased

1: 0 mmol/L glucose; 2: 10 mmol/L glucose;

2.5 o[ A AT P ROS 2 FEREWE WAL E S B miR-152 SIRT1 FOX03a
. n p53 EAEMNRIEELK (xxs)
ik L

0.10.20 F1 50 mmol/L 7 %5 B b 74
900 N R PE ROS 3 O% 5 EE 4 Bl A
42.12+10.32,92.43 +15.65, 153.65 +
17.43 1 218. 65+£24. 83 Mkt 22 5
HET% 7 L (F=11.320,P<0.001) ;
Wit o 7] 2 Tk 3, ROS ¢ it 8 32 il
Z s AR R 22 R A S B X
(#P<0.05) (K S) .

2.6 AN [v] v B A 45 B A0 B 40 i T-AOC |
SOD .GSH-Px & Fl MDA ¥ H 4%

AN ] v i 4] 46 B b FRL AR ffL T-AOC |
SOD GSH-Px I P Al MDA # & G4k Lt
BEFYHGIFE L (F=178.410,

Table 2 Comparison of relative expression levels of
miR-15a,SIRT1,FOXO03a and p53 proteins in HLEB-3 cells

after treatment of different concentrations of glucose (xs)

P - miR-l‘SaE SIRT1 E E'E FOXO3a\EEE| p53 ;eﬁ
A ek i AEXT F ik ht AEXF FR ik it AN ek
0 mmol/L 3 0.21+0. 05 0.89+0. 12 0.180. 04 0.10+0. 02
10 mmol/L 3 0.43+0.07" 0.65+0. 08" 0.32+0. 03" 0.31+0.03"
20 mmol/L 3 0.62+0.04"  0.41£0.06™  0.51+0.08"  0.46+0.05"
50 mmol/L 3 0.82+0. 11°"  0.17+0.03™  0.66+0.04™  0.57+0.06™°
F i 38.904 45.534 50.771 67.135
P i <0.001 <0.001 <0.001 <0.001

W5 0 mmol/L A5 15 HL 45, " P<0. 0535 10 mmol/L %% % He 4, " P<0. 05; 5 20 mmol/L
A B LA, P<0. OS (AR R T 22 43 7, LSD- A 30 )  miR: i3/ RNA; SIRTL: {0 BR {5 & I
WHEMA 1;F0X03a; ki 5 HF 3a

Note: Compared with 0 mmol/L glucose,”P < 0.05; compared with 10 mmol/L glucose,
"P<0.05; compared with 20 mmol/L glucose, P < 0.05 ( One-way ANOVA, LSD-¢ test)
miR : microRNA ; SIRT1 : silent information regulator 1;FOX03a:forkhead transcription factor 3a
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(A) FITC (B ® Fie @)
B4 FRREDGELCEAMATELE A~D:0.10.20 .50 mmol/L 125 b AL B 44 T 7L >C 40 ML E (FITC/PY)  E AT TR B AL ILES 2 A
P TR A AR RN T TR 5 0 mmol/L 4 45 B L 2, *P<0. 055 55 10 mmol/L A A58 HL 8, " P<0. 055 15 20 mmol/L 4 4 B L2, P<
0.05( B 2 )y 225047, LSD-t K55 ,n=3) 1.0 mmol/L 4§ %% ;2:10 mmol/L %25 ¥¥ ;3 :20 mmol/L %5 2 4 ;4 : 50 mmol/L 4 %4 B¥

Figure 4 Comparison of apoptosis of HLEB-3 cells treated with different concentrations of glucose A-D:.Flow cytometry of cells treated with 0,10,
20,50 mmol/L glucose (FITC/Pl) E:Quantitative comparison of apoptosis rates Apoptosis rate was enhanced with increasing glucose concentration

Compared with 0 mmol/L glucose,*P < 0. 05; compared with 10 mmol/L glucose,”P < 0. 05; compared with 20 mmol/L glucose, P <0.05 ( One-way
ANOVA,LSD- test,n=3) 1:0 mmol/L glucose;2:10 mmol/L glucose;3:20 mmol/L glucose;4:50 mmol/L glucose

200 pm 200 pm® 200 pm 2000m
F=A \

2 3 4@

BS AEREADELEMEMLA ROS RiktbE A~D:0,10,20,50 mmol/L 7 % 4b B4 i 5 56 Y (4 K (DCFH-DA x400, 35 R =200 wm) B
A A W A R L ROS JEOLR BEREZ 458 B« AN [ Wk 3 4 4 4 AL 40 i ROS 2R B L L 5 0 mmol/L 4 & 4% [L %, P<0.05; 5
10 mmol/L % % B L4, " P<0. 05; 5 20 mmol/L #2454 H 48, “P<0. 05 (5. 2 )7 25 4801, LSD-1 #36 ,n=3) ROS:JE A  1:0 mmol/L %
B 52:10 mmol/L 45 26 % ;3 :20 mmol/L 4§ 25 B¥ ;4 .50 mmol/L % % 4

Figure 5 Comparison of ROS expression in HLEB-3 cells after treatment of different concentrations of glucose by DCFH-DA A-D:.DCFH-DA
staining of HLEB-3 cells treated with 0, 10, 20, 50 mmol/L glucose ( X 400, bar = 200 pm)
concentration increased E: Quantitative comparison of ROS fluorescence intensity ~Compared with 0 mmol/L glucose group,”P<0.05; compared with
10 mmol/L glucose group, "P<0.05; compared with 20 mmol/L glucose group,“P<0.05 ( One-way ANOVA,LSD-t test,n=3)
species  1:0 mmol/L glucose;2:10 mmol/L glucose;3:20 mmol/L glucose ;4:50 mmol/L glucose

The ROS fluorescence was enhanced as the glucose

ROS ; reactive oxygen

£3 TAREFHELEHAM T-AOC . SOD GSH-Px & {51 MDA iR B Lb 5 (x5)
Table 3 Comparison of T-AOC,SOD,GSH-Px activities and MDA concentration in HLEB-3 cells after

treatment of different concentrations of glucose (xxs)

T-AOC 3§ P i SOD 7% GSH-Px i MDA ¥ B
R FRA R ['mol/( m{if riI{‘H) 1 [ mol/( fr[éﬁi) ] ['mol/ ( mif riL%i] ( pdmoizf]{i)‘

0 mmol/L 3 8.01+0.52 87.32+4.21 173.10+7. 92 32.13+1.03
10 mmol/L 3 5.32+0. 39" 65.34+3.11° 128. 34+8. 03" 44.92+2.01"
20 mmol/L 3 3.22+0.41" 53.02+2.97* 102.31£4. 22" 58.31+3.10"
50 mmol/L 3 1.03+0. 08" 24. 66+2. 96" 73.66+3. 86" 75.65+2. 65
FAY 178. 410 182.238 133.766 191. 744
P i <0.001 <0.001 <0.001 <0.001

5 0 mmol/L 325 Bl L&, P<0. 05; 5 10 mmol/L % %5 B Hb %% ,bP<0. 05; 5 20 mmol/L % 2G4l FL %8, “P<0. 05 ( BA [N & )7 Z 4381, LSD-t 556
T-AOC: B HT AL AE J1 ; SOD - it A AL ¥ B AL Il ; GSH-Px - 45 fot H ik id % AL Mty ; MDA . [N — i

Note : Compared with 0 mmol/L glucose , * P<0. 05 ; compared with 10 mmol/L glucose,”P<0. 05; compared with 20 mmol/L glucose,P<0.05 ( One-way
ANOVA ,LSD-t test) T-AOC :total-antioxidative capability ; SOD :superoxide dismutase ; GSH-Px: glutathione peroxidase ; MDA : malondialdehyde

2.7 WG P OR LR

41 e 2¢O B B 7R, miR-15a $1) 4] 97 40 1 miR-15a
Xof HE 40 it 359 St B AR 0 O B e L B R A3 Bl
7 90. 7% 1 93.5% (& 6) ,
2.8 AS[E) A% Y 4 A0 O TR L AR

miR-15a X B 241 40 i 98 1= %% 4 (35.22+2.04) %,
B AKX T miR-15a M6l R 4109 (17.321.05) %, 2 7
A G532 X (1=10.320,P<0.001) (& 7).

2.9 A[FE LA A0 ROS Rk L

miR-15a ##fil 57 20 40 i ROS % %5 B h 63. 22+
7.31 fIKF miR-15a Xf A1 (Y 135.31+12.33, 27 f
Giil ki (1= 14.422,P<0.001) (& 8) .
2.10  [Al%E YL 2H 40 i T-AOC , SOD  GSH-Px I 4 il
MDA ¥ J F #52

miR-15a %} B8 20 40 g T-AOC . SOD , GSH-Px i
W ERT miR-15a Ml F 4, Z2FASHITEE L (1=
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10. 155 .12. 616 ,12. 874,45 P<0.001) , MDA %< & 3%
=T miR-15a MR, 22 7 A i E R X (0=
14.631,P<0.001) (£ 4) .

B 6 miR-15a #5724 #0 miR-15a % 5 28 40 i %% &% 58 3¢ B ( X200,
PRI =50 wm) 2% 20 40 i 38 52 W] 4% 6 ¢ O, B g Tl R
A:miR-15a %t B41  B:miR-15a 11 il 5 41

Figure 6 Transfection fluorescence of miR-15a inhibitor group and
miR-15a NC transfection group (x200,bar=50 um) Cells in both
groups showed green fluorescence with high transfection rate A ;miR-

15a control group B:miR-15a inhibitor group

2
% 1.2%

2
i

PI

g

T R B e e e
10' 10" 10? 100

e €@ FITC (B)
B7 AREFERARAEEE(FITC/PL)  miR-15a X 020 40 i 54 12
I miR-15a I 41 WFEAR A:miR-15a Xf 4] B:miR-15a
1 750 2

Figure 7 Flow cytometry of HLEB-3 cells in two transfection
groups ( FITC/PI)
significantly lower than that of miR-15a inhibitor group

The apoptosis rate of miR-15a control group was
A : miR-15a

control group B:miR-15a inhibitor group

200 pm
a—

8 AEHFHEMIMA ROS 3K F & E (DCFH-DA x400,Fi R =
200 wm)  miR-15a #5020 40 g ROS 2% G55 , miR-15a X HR 41 40
Ji ROS %¢5p %58 . DCFH-DA e {3 5 2 (4 58, 4 i 4% e (8 52 3 €
796 (DAPL)  A:miR-15a XJME2H B .miR-15a 11 il 5 £H

Figure 8 Fluorescence staining of ROS expression in cells of two
transfection groups ( DCFH-DA X 400, bar = 200 pum ) The ROS
fluorescence was weak in miR-15a inhibitor group and strong in miR-15a
control group. DCFH-DA staining showed green fluorescence, and nuclei
were in blue fluorescence ( DAPI) A: miR-15a control group
B:miR-15a inhibitor group

2.11 miR-15a ¥ 3L A 1
miR-15a ¥0 LK Wi & B, miR-15a 5 SIRT1 f4#5F
D7 IS A o B A L SIRTI g miR-15a 1 — AN 18 76 1

S (B 9) WM XRRMMERAEE R E R,
miR-15a %} BE2H SIRT1-3-UTR-WT 4} 45 5t A i 4% o %
fitE G MEHH B A F miR-15a MK FH , ZREBERITFE
Y (1=5.978,P=0.004),2 4~ 41 SIRT1-3"-UTR-MUT
AL EWAARMIEEEF LR IT¥E X (1=
0.432,P=0.688) (% 5) .

* 4 KELAME T-AOC SOD GSH-Px jE

71 MDA K B b3 (xs)
Table 4 Comparison of T-AOC,SOD,GSH-Px activities
and MDA concentration of cells between two

transfection groups (x#s)

49 FEA T-AOCHEHEM SOD WML GSH-PxF{E(H MDA W JE
it [mol/(min + L) J[mol/(min + L) ][ mol/(min+ L)] (wmol/L)

miR-15a 3 4.04+0.48 51.32+2.66 94.44+3.53  64.76+3. 66
puglii

miR-15a 3 8.32+0.55 86.43+4.02  158.96+7.93 32.17+1.22
A5 550 24

t e 10. 155 12.616 12.874 14.631

P g 0.001 <0.001 <0.001 <0.001

T (ST AR ¢ K56 )  T-AOC: B4t U1k fiE 77 5 SOD - 4 £k ) B 1k
it} ; GSH-Px : 2+ It H K5 20 (L W i s MDA . 9 8 s miR : i/ RNA

Note; (Independent samples ¢ test) T-AOC:total-antioxidative capability;
SOD: superoxide dismutase; GSH-Px: glutathione peroxidase; MDA
malondialdehyde ; miR ; microRNA

Mature miR-15a 3 CGGUACGCUAUU GAl]JLIJ?,IAllJ
SIRT1-3-UTR-WT-5 CGAUUCGGCAUU E,JAAGUA
SIRT1-3-UTR-MT-5" CGAUUCGGCAUUCGAUUCAU

B9 miR-15a BEFETN AWELHAKN miR-15a 5 SIRT1
FIEBTES G AL miR: U/ RNASSIRTL JUIE B W EA 15
UTR - BHIR DX 5 W B 22 0 s MT . 58 28

Figure 9 miR-15a target gene prediction Bioinformatics software
detects potential binding sites of miR-15a and SIRT1 miR:microRNA;
SIRT1 ;silent information regulator 1; UTR : untranslated region; WT: wild

type ; MT : mutant type

%5 miR-15a $E [F F 45 R Lb 55 (xxs)
Table 5 Comparison of target gene prediction of
miR-15a (xz=s)
‘ SIRTI-3-UTR-WT iz 4  SIRTI-3-UTR-MUT 4}t 4
4 - EL
A PR B B B D 5 e e

miR-15a Xf B 41 3 0.52+0.07 1.38+0.09
miR-15a 4l 3 0.97+0. 11 1.41+0.07
g 5.978 0.432
P 0.004 0.688

T (S FEA ¢ £ 50)  miR: i/ RNAGSIRTL YR B HEE 1
UTR : JE B3 X ; WT . Bf AR B, MUT . 945 7Y
Note: ( Independent samples ¢ test) miR : microRNA; SIRTI ; silent
information regulator 1; UTR:. untranslated region; WT. wild type;

MUT : mutant type
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2.12 [l 4% Y 41 HLEB-3 41 i SIRT1,FOX03a Fl
p53 M RIK K

miR-15a X B4 40 g P4 SIRT1 5 [ 4571 AH X K B
55T miR-15a 1)) il 5] 41, FOXO03a FI p53 & 1 5% 45 A
XK BE B 2 58 F miR-15a $ i 551 41, 45 4 [A] SIRTI
FOX03a .p53 HAMXN REE LK, ZRWHRITHE
X (t=17.134 4.193 6.792, 3 P<0.001) (% 6,[& 10) .

R 6 KISAMA SIRT1 FOX03a . p53 EH
I RIEB LB (x2s)

Table 6 Comparison of relative expression levels of
SIRT1,FOXO03a and p53 proteins between

two transfection groups (xs)

5] BEACE  SIRTIZE[  FOX03aEH  p33 &M
miR-15a % B8 41 3 0.31£0.06  0.62+0.08  0.83%0. 15
miR-15a MR E 3 0.74£0.11  0.31x0.10  0.21%0.05
i 17. 134 4.193 6.792
Pt <0.001 0.014 0. 001

(ML HEA K %) SIRTL YURE BT &H [ 1;F0X03a: Xk
kA 3a;miR: /N RNA

Note; (Independent samples ¢ test) SIRTI :silent information regulator 1;
FOXO3a:forkhead transcription factor 3a; miR ; microRNA

miR-15a X} B4

A i
A — c—

miR-15a 117 21

-

E10 &#AMM SIRTI FOX03a p53 EAXREHBKE
miR-15a % B2 240 i 9 SIRT1 25 [ 4%l 5 B2 AL miR-15a 3100 1 5 41 55 ,
FOXO03a il p53 2 [ 26 45 30 JiF 5 miR-15a M4 F1 4088 miR: B/
RNA;SIRTL: JUBRE B4 &K 1 1;FOX03a: K He 58 H 1 3a
Electrophoretogram of SIRT1, FOXO3a and p53

proteins in cells The SIRTI protein band intensity was weaker,and the

Figure 10

intensity of FOXO03a and p53 protein bands was stronger in miR-15a
miR ; microRNA ; SIRTI ;

silent information regulator 1;FOXO03a:forkhead transcription factor 3a

control group than miR-15a inhibitor group

3 Wit

AR, miRNA 7E [ PN B & A FiR i vh ) 4
el A7 B ¢ . miR-15a 2 JE R Z R B
miRNA X640 9 58 5 A5 1 ET P 9 Y & A A 3 45 1
AL R SE & B, miR-15a 3 3 4 5E S LA A
BB I8 A 2 508 PR 0 ) I AR 1 & 2B, Li
2 Vg R BE  hsa-miR-15a 78 1E % LECs "1 [y 38 14 %
FAERY M (A B LECs, Liu %5 fF 58 & BE,
miR-15a fEfZ M LECs (3848 M T-ME B e J1. A0t
FAL KM, miR-15a 7€ DC G835 b PR 1T 52 51 P 1 3738

B IE# SRR AT 22 R HLEB-3 400 N miR-15a 3535
i B A AR T R Y T T RGN, 25 S SR 4
miR-15a AIREZ 5 T 1 N e 1) i o A2

FIBE B 5 3 1) LECs & 4B 4046 W 38 = b & DC
B R AR wh RN 2 . LECs P9 A KR
ROS, [ B Bt S0 A W i 2 0, 200 1f N S A0 AR = 4 3 AR
SN T VB, B A R T AR R A
N [i) e B 11 48 75 0 b B HLEB-3 0, 245 S BoR b %5
AT R VR B S, A 0R TR T, [ B ROS 3
MDA ¥ B3, i SOD ,CAT ,GSH-Px 7% P F [% .

miR-15a B fiF S 7E A [] 5 5 19 4801k 1 i o 78 v
FEVEFE . Kamalden 25 'Y fF 5% % B, miR-15a i 11 i 5
AT B A A0 o B DR 5 56 8 5 Cao 25T BIF S AIE 52,
miR-15a R B8 X 55 420175 5 1 il 4 Ak o7 S8 483 405 A o 0 4
Mo AR KB, miR-15a #5741 HLEB-3 2 Jfd i)
T2 B AL T miR-15a X} B4, 40 il ROS 7% 14 . MDA
e B2 B BAKF miR-15a Xf 841, 1l SOD ,CAT,GSH-Px
B35 ME W] T miR-15a XF B4, DL b 45 B3R,
miR-15a A BE &3 o #7 ] HLEB-3 21 g i) 47t 4804k 17 84
E 1175 AN M 08 -, 4k M N & DC R 15 o

SIRT1 fiig 8 o 41 26 1t & me Ak A FH A 75 R i pS3.
FOXO S5 5% S R 10 36 P, D305 9 B2 41 Jif 28 14 45 473
UL P9 B2 A0 SR P B 5 . Zeng 45 F 5 AIE
52, SIRT1 7€ DC /N BL LECs H 383K T 34 5 ) 8 g 252"
WFSR & B SIRTT 7EMH JR s K BRE ) s rp 3258 3, HL
Wit PR o o R G, L 3R 3K i B W 2D . FOXO03a
s FOX 0% i i1, & SIRTI A 9E 41 & (K4, SIRT1
Al fifi FOXO03a 2 Z Wi fb, % FOXO03a (1) 5% 5% 3 14 I
B0 LR i EE AR 4 2 A, AT R T 40 I RS A R T AL
SALRE ST | B AR AN I 0 % SE AL B BB 5 . A
FEUESE , = AL B LECs o FOXO3a £ [ 3R 34 & LA
S I [E] AR P 7 X T i, FOXO3a m] LA Sy ey I 4
ST N LECs % Ak 57 34 09 28 W ds s ™ . pS3 S
STIRT1 3 — AN HEM TP, IE WG 00T, pS3 AT
PRI AR 2, 25 20 H b 481k 07 340 3 AR 25, p33
T, T e 8 i A e Si, D 5 S AN MO T T
SIRTI figil L p53 £ & Wk Ak s 0 Ho A T 1 e S BT
N K R SR N S R N B~ W SV
BRI SIRT1 3% 3K AL, FOX03a fil p53 ik 7t .
H T i ERTT miR-15a 8 LECs Sk I 38 43 19
YEFIAL I, A< i 55 & J miRanda , TargetScan % 45 % fifi
W& SIRTI Rz 7] 25 14, % ¥ SIRT1 A miR-15a [ —
ANVEFE VR FH B 25 miR-15a 300 3 57 41 HLEB-3 41 g 1y
SIRT1 [ 5H B i F miR-15a % B4l ,FOX03a f
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