@7 TEEATERR WREZ

www.CJTER.com Chinese Journal of Tissue Engineering Research

B8 G SETF e & i fxm B AR R A R AY B A dh

https://doi.org/10.12307/2022.226 ~ F =, 3¢ 2, B 8, 1w’
21585 2021-04-08

SEEEEHEA: 2021-04-12 3¢ R 1 R 95
x 07 10e. B
RAEEM: 2021-05-18 ATRTRI, EHTIHA T RS A B ALE, B MicroRNA-126 K- 4 2 1 U A B s 1)
T4B8H3: 2021-08-10 H BB T R
= ASLRFFRRT, k%ﬂéﬁﬁﬁﬁL%memam%ﬁﬁ$%,%wﬁ%mi%ﬂ%m&m%mﬁik
PEHXS: BF 24k 2 6938, RSAREE K 1 & AR 24 (PTEN) & & 694, &K DE R RO GAZE.
RAS9.9; R318; RS87.1 ‘ D AR }—»\ MRRERRLE [ —— [ R
VERS. (1) =MLdtE., @B, RER. 24h FKHEGEAKTE;
(2) B-7: MicroRNA-126 % ik K-F;
2095-4344(2022)08-01216-07 > (3) A KB F BL. B A A KB F L4k 2 & PTEN
* 4 KR KF;
XEHRAL: B Y I bk (4) B I AL R 4L R 5 5 T A
EEE4
v
g
(1 ) SAAERZ) BT AR R B 0 T B A
(2) T L3/ MicroRNA-126 497K-F, 9445404 KB T Bl A’ i & A KB F %4k 2 69415, 128k PTEN 49 & 1%;
(3) T &R B R Rem TARE, AR IR B R K R 60 B RS 142,

SRR :
RAEGE: R R R RS, AR B A R R R SR a2, e B R A A, AR PR IR AR A . A%
iRl ORI By BANRR I DI RE, S R B B ARDT, W AR B 20l RN . R B HERE A RIER .

HE
BR: REFETENE R B 5 R B S RE R e B A I R TR
EE’J i euy Ly TINE D Eh ﬂJL_Jj_’MlcroRNA 1264 36 TR 130k BRI G f RT B ML

Tk ESLSDRRBEIR P E ALY, K is B D R PRIR B K RBENL 0 A . XA kA0, He R, 434 TR
FIEA I ERIK . H X500 mg/(kg « d). 1Ak F#10 mg/(kg « AR, 1k/d; HE6R IEH XA RKERIEANIEFH, 12085 % 4K RMK
FRALFE . I BE ME . ULEF. JREE 24 hRTUE A E KT, DUSER 286 2 S PCREGII K BB A MicroRNA-126 K1, 3l i s 5%
SEEPCR. Western blot & 5 2 AL A I K BB IERE AL ARG TR PR IV N B 2B K IR 7 32 k2 e B IR B ANk 0 3 (1 R &R W0/K-F5 R Had .
TIAANE-LT Je MassonJe (80 52 K BB IR A 46 W) BT S R B84k o
RS540 OBRBAFIGIRE. WU, JREE. 24 hREE D& A RFEAERE 7L, M W R AE K K 752 4 2 /K P E H 4 0H &7
{1 (P < 0.05), MicroRNA-126 % W EREE AN 7K /1 & A W R Y/AKE IR R TR = U FIEAS 51 S I sl . LEE . JRZE A 24 hJRTE
AEAREREKRETFRL. M W AR R T 227K PR B 2H B B F4 (P < 0.05), MicroRNA-126 % i FRE A1 5K 715 A [F] &R0 /K -0 &
Frwns HoA ks S I LR AR B (P < 0.05); @B AT ZH SV 2 R, :EF'XX%é'HﬁJ‘iT%ﬁU@ZHﬁLER"ﬁxﬂﬁrfﬁiﬁﬁﬁﬁ”fﬂﬁ
By STHXUIMALALL, A5 KRS TR RHEP RIF, BRSNS IER; @45 KU, IEMRF1E ] Ged it Ly R B KRS
IEMicroRNA-1267KF, $Mifil 36 AL A K (A7 B R LA N B AR K IR 732 k23R8, (R IEB IR AN 3k 0 & (A R R PINER %, ﬁéﬂ)‘ﬁﬁr”‘rk
RIS R LR
KRR MEIRIE B A EE; BFE; MicroRNA-126; FEALA KR TR, I N R AE KR T2 4k2 5 BEEREEASK IR A H &Y
HEREIE . WEPREEANSK /1R A & Y): phosphate and tension homology deleted on chromosome ten, PTEN

Dapagliflozin improves renal injury in diabetic nephropathy rats

Wang Qin’, Shen Cheng?, Liao Jing, Yang Ye'

'Department of Geriatrics, Second Affiliated Hospital of Xinjiang Medical University, Urumgi 830063, Xinjiang Uygur Autonomous Region, China; “Department
of Critical Care Medicine, Urumgi Friendship Hospital, Urumgi 830049, Xinjiang Uygur Autonomous Region, China

Wang Qin, Master, Attending physician, Department of Geriatrics, Second Affiliated Hospital of Xinjiang Medical University, Urumgi 830063, Xinjiang Uygur
Autonomous Region, China

Corresponding author: Yang Ye, Master, Attending physician, Department of Geriatrics, Second Affiliated Hospital of Xinjiang Medical University, Urumai
830063, Xinjiang Uygur Autonomous Region, China

HREAKRFHE WEERLZERA (FHRARE), HREERABRLERFT 830063; ‘HBLEAFTRIGEEREREEFFA, FHRLEER
HER BERFT 830049

F—EE: L5, &, 1984 %4, HBHEERABRELERFTA, 2012 FHBEHRFEL, @ﬁf EBE, ZEMEWRAAR L.
BIMEE: oM, ML, TEETN, FHREAKRFSE _MBEEREFHA (TIHBE), HBLEEZRABRELERFT 830063
https://orcid.org/0000-0001-7616-1191 ( £ 3% )

EEEM: #BEEROER A AFF AL (2020D001C192), FE HxA: Hrk

SIAARI: £5, hE, B#, oM. AR5)E TR ERAR T RER KR FES S D). F EaR TAMT, 2022,
26(8):1216-1222.

1216 | PEELTIZHR | 55265 | 58888 | 2022438



HMREE PERATIEHE (@72
o Chinese Journal of Tissue Engineering Research  www.CITER.com
Abstract

BACKGROUND: Dapagliflozin has obvious renal protective effect on renal injury caused by diabetic nephropathy.

OBJECTIVE: To explore the possible mechanism by which dapagliflozin can improve renal injury in diabetic nephropathy rats through microRNA-126.
METHODS: Sprague-Dawley rat models of diabetic nephropathy were successfully established, and randomly divided into a model group, a metformin group and
a dapagliflozin group, with six rats in each group. They were given the same dose of normal saline, metformin (500 mg/kg) and dapagliflozin (10 mg/kg) by gavage
once a day. Another six rats with normal diet were selected as control group. Twelve weeks later, the rats in each group were killed under anesthesia. Fasting blood
glucose, serum creatinine, urea nitrogen and 24-hour urinary microalbumin levels were detected. The level of microRNA-126 in rat kidney was detected by qRT-
PCR. The levels of transforming growth factor-B 1, vascular endothelial growth factor receptor 2 and phosphate and tension homology deleted on chromosome
ten (PTEN) in rat kidney were detected by qRT-PCR, western blot and immunohistochemistry. The ultrastructural and pathological changes of the rat kidney were
observed by electron microscope, hematoxylin-eosin staining and Masson staining.

RESULTS AND CONCLUSION: The levels of fasting blood glucose, serum creatinine, urea nitrogen, 24-hour urinary microalbumin, transforming growth
factor-B1, and vascular endothelial growth factor receptor 2 in the model group were significantly higher than those in the normal group (P < 0.05), and the
levels of microRNA-126 and PTEN were significantly lower than those in the normal group. The levels of fasting blood glucose, serum creatinine, urea nitrogen,
24-hour urinary microalbumin, transforming growth factor-B 1, and vascular endothelial growth factor receptor 2 in the metformin group and dapagliflozin
group were significantly lower than those in the model group (P < 0.05), and the levels of microRNA-126 and PTEN were significantly higher than those in the
model group. The above changes were more significant in the dapagliflozin group compared with the metformin group (P < 0.05). Renal histopathological
findings indicated that compared with the model group, the renal lesions in the metformin group and the dapagliflozin group was milder, the foot process of
the dapagliflozin group was better than that of the metformin group, and the renal morphology was relatively normal in the dapagliflozin group. These findings
indicate that dapagliflozin can up-regulate the level of microRNA-126, inhibit the expression of transforming growth factor-g 1, and vascular endothelial growth
factor receptor 2, promote the expression of PTEN, and delay the process of renal injury in diabetic nephropathy rats.

Key words: diabetic nephropathy; dapagliflozin; kidney; microRNA-126; transforming growth factor-B1; vascular endothelial growth factor receptor 2;
phosphate and tension homology deleted on chromosome ten
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1 #RIFN753E Materials and methods
1.1 3% WAL RREhPSEEs, WIH 2 A LLBER AR FEAS ¢
fords, 2 A LL R BRI R 7 22 0 M, AR EEBCR
LSD 2.
1.2 BFiE ESbE T 2019 4F 12 H £ 2021 4F 1 AEHEER
KE=S S A O S PRATE T Rt A U 32 95 2 6 28 56 Bl o
1.3 APH 1B (SPF 4 ) HfEVE SpragueDawley(SD) KB, 14
Jii & 180-220 g, HUBTHREE R} R s rh o s e = he ik, VR
ATYES: SYXK( 3 )2016-0003, [ 7k 556 45 35 58 B2 B} K 2 51
555 A AN B (IACUC) #EHE .

cDNA J 5 363 & K SR B ¢ 6 8 i PCR R &3 W H
5 [ Qiagen /A&, MicroRNA-126., #:4k A4 KK B1. L%
P 7 AE K IR 73244 2 J PTEN 5|47 fH A R R G BR A Jl 4 3L,
AR T B, I N AR KR T2 4k 2 f PTEN Hifk)y
H3EE Abcam 2w, XU H w36 Eifg it ot 5 H 25 A R
N, K& F15 0 E 25 [ Astra Zeneca Pharmaceuticals LP.
14 7k
141 WEPRIE'E W B 45 S 4 24 RIS (SPF 21 )
HEME SD R BRUIE M PEMRTE 1 G, N HBEALE 7 RIES A IE
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H A (n=6) FUKE R B 4 (n=18). EWHIER KA, PR
993 B 3 2H K BR 48 T i M e b TDRE (0 B b R Rk AR
REBR AT ) WEFE 8 Ji, 1A&Ji G F] 400-450g; — XM
JEs SR B IRV TR 3R STZ 30 mg/kg Ji,  4KEET i I imn B AR RL IR
7%, 3d 5 REKEUL, WEENLIIEE = 16.7 mmol/L, &/~
PRITERL ), HRFELLE T i N Sl v PR K e i T
4 G 24 h R AR EHEEZE > 20 mg L RR BEPH 1 527 5 R
T B R IE AR ) o R PR B K BRUBE AL 23 3 4L (B2
6 H), MR, THXUIIAL. AR5 B 4A T R 255
A K. ZH XU [500 mg/(kg « d), A= EHKE L 1.
IEKEFE (10 mg/(kg « d), AHIER/KECL 1B, 1k /d, FF
FRER2h T iR R B AR R SR, 12 B 5 IR AL BT .

AT 2SRRI A2 A48 X B AR

et SD KB, FHTREE R 2B L S S AR

o M v B TR MR ST, — U R I G B R 2 7 3K (STZ)
30 mg/kg J& FHUN UL B 413245

BB RDETE 24 FIEER (SPF 2% ) Mk SD KRG N MEMES: 1 A5, b
WA MIEH AL (n=6) FUHE IR B 4L (n=18)

3.d G REFIKIUL, JEEHLIIEE = 16.7 mmol/L, Rl
TGN, IF RS T i R et B U P R 5 i i) 4
4 JAJE M 24 h JR A & A R >20 mg BLRBE A 52 R
PRI G T

FEBE PRI K RBEAL 3 4, e R, BIMA., —
UL S5 B AL 53 5 2 T IR AR e AR B K . X
AT [500 mg/(kged), AEFEEE/KACEL 1. 24%%13% [10 mg /(kged),
AFHUKECLL 1, 1K /d, FEREA TR R e
77, 12 JH JE R AL S

RIBERSHAE DRIYE S22 T VY SN LY R L N LD e (s S
Ze4ikifE, HitdES: 20200531-12

1.42 ARAMUESATE 2 WK, 35k 515 A4 7 3
AKOFIEALEE 12 J8, AR 24 h R ZE B, BRI
&, DL 3% KL Z4h 40 mg/kg JIE s i S BRI R B, IE E3)
BRI . BB RELHL, B HEURN RNA fRIEEH, B
T -80 CUKFHH A7, SBGHR A HLURN 40 g/L 2 K H g K&
2.5% JX% WA e AT fE gl o

1.43 24 h JRIGEAEARN e 24 h KRR, &
Bl 2 500 r/min, B0 20 min, BB, NEE, WRE, VRS,
A, 37 CREGE M 15 min JF4& LR . BEFR BT A K
4 450 nm AbP RO, FR R ENE 5 R RR R B AR
e,

1.4.4 EALIERRRIRI 4 CIERMMEARA, FIF BS-420 A
AT AR AR SR A Ui B R AT 2 I 10 |
MU PR ZE EKFA I o
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1.4.5 SERFPEGER PCR Trizol yEIREUE NELL 2L RNA,
e ALY cDNA, #EATSERF 286 %2 & PCR, 5| W)/7 41 I
=1,

®1 | 519F75)

Table1 | Primer sequences

FH Forward primer Reverse primer

B 4k, A= K [A] 5'- GGC ACC ATC CAT GAC ATG AACCG -3’ 5'- GCC GTA CAC AGC ACT TCT TCT CTG -3
T B1

I & P % 2 5'-TTC ATA ATA GAA GGC GTC CAG G -3’ 5'-GCA TCA TAA GGC AAG CGTTC-3'

KR 5244k 2

PTEN 5'-CAG CCATCATCA AAG AGATCG TTAGC-3' 5'- CAA CAT GAT TGT TGT CGT TCA CTT AGC-3'
B-actin 5'-CAA CCT TCT TGC AGC TCC TC-3' 5'-CGG TGT CCCTTC TGA GTG TT-3'

MicroRNA-126 5’ -CAC TTC AAA CTC GTA CCG TGA GTAA-3" 5'-CAG GGC TAT GCC GCC TAA-3’

MicroRNA-126 PCR JZ 37 s 44 2 20 uL, 94 “CAFM4: 15 min,
55 ‘CiB+k 30s, 70 ‘CHEfH 30s, 40 MEH, FHMEAK I H
FL, has-U6 AZ M. HALAEKREF L. M N EEKRT
5244 2 % PTEN [ PCR [ R 44 £ 20 pL, 95 ‘CZE 1 10 min,
60 ‘CiE-K 1 min, 95 ‘CZEff 155, 40 MFIF, FEAMFEAKL 3 H AL,
B-actin N Z M. SEIG4EHEH Bio-Rad % )6 & M A 15 L,
AR AR T B A N R AR KPR 5244 2 J PTEN mRNA J%
MicroRNA-126 ik /K- (¥ 5 B HHH 27 SkFom (CT ATE
#0).
1.4.6 Western blot f&ll HUE &= 'E AL R A, M
T T 1 ) R R P P SRR, B S RS AE 4 C T
14 000 r/min & 0> 15 min, W £E B, BCA & 1A I ik
I e AW, BB E 20 g/ fL, 10% I+
LR R AN — 5 VA T P 58 Js P K S eV e VN P e ED B
BB A b, S 5% 4 i & i 5 S 3
2h, IOA—% (HAEKFF B, 10 1000; IfHE N
KT 42, 1 1000; PTEN, 1 : 1000; B-actin,
1 :5000) 7€ 4 C%M NFEE LA, TBST PME 3 X5 MA
HRP #7ic 1gG(1 © 10000), TEE WA FIFE 2 h, BEIL 3 X,
K FH B 2 e A B S e e 52 o BT R G 2R
&, DTS &0 RO S 2 18 B-actin IR BE A ELAELAR
KRB
1.47 GBS ERI SR H SRR E, L,
KA, B EWIEME S S EE, MgREESE, #HiA
Mg, kst —dt, 4 CH®, Win=$, St B
WTRERH PBS B —PL, BHMESE BONAR B (R
1.4.8 HEME HBUEFMHRSE 2.5% % BEE 2 h, =k
R, 1% MERMEE 2 h, VRIS, EHERELRENK, RiEM
W, U)R, HROUE Y, I F B TSR A LB A
E(EDa
149 ARKE - Ay BUENEHZAZ 40 g/L 2 R H EEH
52 48 h i, WMAEEME, YA, TR - g,
BAT LA B 22 SR
1.4.10 Masson Zefty  EHLAEAIE., ), Masson Jifh 5
B LS B Ik S S IR AR A R S
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15 FE2AEMHEHR OFHKRTRIOE. MUE. RER
24 h R E A EEAKT: @% 4K R EIE MicroRNA-126,
HeAb B KT BL A A AR KR 73244 2 J% PTEN [ ik
K @FL KRG W ZUR AR AL

1.6 ZuitF ot SCIRERE R A SPASS 25.0 ot # kit AT Ak
PR, THE R DL xts Ron, P22 (8] ELBCR AL FEA ¢35,
Z 1A LUK F B R 3R 7 2200 #T, 4L P T LR LSD v,
LA P<0.05 A2 5 W i o

2 258 Results

2.1 ZEshEE AN YIRS SPF L SD K 24 K,
By 24, IEH4e X, FERWEE R 18 H,
B LRI B K SRBE AL AR A . ORI A 51342
(n=6), 24 W RBRIFBEAANGE Rortr.

22 BAKRRAZEM AR, DALEF. A RK 240 RMEOE
BK-Rrd BB KRR IR MBE . M. JREE K 24 h
PRIV R KPR H 20 B 2 FH & (P < 0.05); S5 AYZH AH
b, = HOBUIMZE AR AE B35 4K B2 I b . UL SR &
B 24 h JRIGE B B KB BEAK (P < 0.05); 1A% 5115
HR R VL. REREE K 24 h JREGE A& K
B HOBUITAL W 2 A% (P < 0.05), L3R 2.

%2 | SEXRSHOE. MAE. RERK 240 REEEEKFL
L3 (xts, n=6)

Table 2 | Comparison of fasting blood glucose, serum creatinine, urea
nitrogen, and 24-hour urinary microalbumin levels among groups

2H 51 2R I JULET RER 24 h JRiEAEA
(mmol/L) (umol/L) (mmol/L) (mg)

AL 8.7020.25° 127.1546.30° 18.48+2.45°  76.41#3.92°

R4 7.1240.29° 85.19+4.63" 9.49+1.10° 40.88+3.46"

IEREFI4H 6.3440.26 68.56+3.45" 7.64+0.35"  26.11+2.24"

E#A 5.03+0.43 32.83+2.38 5.8740.36 10.26+1.19

FE: GIERWAMLL, *P<0.05; HEBRAMLL, *P<0.05; 15 HIUIMAMLL,
P<0.05

2.3 B AR LR R T F A

231 HEEWEKREMALBEMASEHSE SEHEAKRE
I ZR L SERRRE . PN 7 40 B S K TR A e A 4L RA B
[ B T AL R X A UR R GO B e SR B il s S
AHEE,  — FE XA A IE A 51 1% 2K BRI R I P 3 A= R
WAE, RIEX AT WARE BT U, RRBEREG; &%
F1) 4 2H 35— FOOUNAE K B 2R IS o, A LT AR
RV R, WA 1.

232 AR - RGBSR R S IR A
ARG NE S NERTESARAKUIN , i 2 FE s e A P EE R %,
N R KPR IRBE; — FOBUITZE K BB BN ER T 2
BN, fif) 2 FERIZBAE /N, B/ NE K AR B
KEEHEE NERTEAS AR, 662 BB Am /N, B INER
FEAKRE; B KRS I N B NE TSR, LA 2.
2.3.3 Masson YLt W Z AR 4F4E4b s AL KRB IS
JINER P HH IR o T G P 2 S T 4 AT R /e T e Y I 4

2 O HOUICZE K R I 2H 23 2 R IR R e 1 TR 4 ¢ DU A
TG BN 2H K BRI ZH 2R 5 80 4 0 G IR SR A AR TR IR
KREHHREA GRS, WE 3,

2.4 A1 KRB BE MicroRNA-126. 36404 K B F Bl. &’
MR AR F AR 2 B PTEN A GAK-FHbix

2.4.1 MicroRNA-126 [{13RIE /K- BAYZH K B E MicroRNA-126
IR AR H B WIS (P < 0.05); SN ML, —H
RUIRZEL AR 5135 20K BB IE MicroRNA-126 (1) 31 7K~ B S5 7
i (P <0.05); 1AM 5154 KBV IIE MicroRNA-126 [3RIE KT
OB B e (P<0.05), DL 4.

2.4.2 EACAEKE T BL. I WA KK 24k 2 & PTEN
MRNA K 85 A FRIE K B2 K BV G A0 AR K IR 7 B
S PR A R 752 4k 2 mRNA % B 1 R IA 7K P IE
HB BT} & (P <0.05), PTEN mRNA & 2% H K2 1k /K F | BA
PG (P <0.05), SHEIBAMLEL, —HXUIARIERE S5
KR E WA AR T B S A8 A B AR KR 132 K 2 mRNA
S HE A I ZRIEKF L B4R (P < 0.05), PTEN mRNA A2 iR H
FIEACE B TR (P < 0.05). AR A H K R B AR #L 4k A=
KR B1 S i 8 Bz AR K BRI F- 32 44 2 mRNA I 2 [ (3R ik
K = I XUICZH B S FEAIC (P < 0.05), 17if PTEN mRNA & 2
IR I 7K U B 2. T i (P < 0.05), WLEElS, 6.

G HACKTI 7R, B AR B O S kL,
AR A R B R /N R B N A AR KR B R I
Fe AR 5244 2 8 R IA KR 4B 2 F+ i, PTEN
I PRIE KT B R A SR, = XU AN
TR B 1 2H K BB T /N ER SO N A AE K TR B AT
BN REAKE T2k 2 AR ERIAKE L, PTEN &
FI 2 IE 7K U B R T iy s 3% H10 34 2K BRI /N Bk A
INEFAAE KB B I N A KR 2R 2 EEE AR
TE KA RSN B 5 B A, TAT PTEN & [ | Rk 7K~ T
BT, WLE 7.

3 i Discussion

H oS 2 MG s s bE R a7 7%, BB R
B AT 98 2 4 T LR BB S Dh e s vl d B LR R . 4
W, 215 R R PE 90% 2Bk al - A pEh RIS
B 2 WEPRN, AT EN— P RS, E
Al PGl E R - AR e R A 2 MR, b
s N SR A MR R E IR, 8 - WA PR IEE A 2 BT
T BE A VAT RE R L B I RO ) — ST AR R 4 T ik
WA AR RE I, PTECERE D B ANRThAE, R
R RopE AR R AR AR IRAS 7R 1173 2 0 A )
MNE/NEMIS RS, &7 BT MR 5w 5 15
FEPE P, WA Eos, AR AT ELE 1 RO R/ R
RAVEMERRLE, PR SRR R Y, A 5015E
IR IR S R AR AR AT R
T BRI B9 K BRI B R P
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AR T2k 2 K& PTEN R H MR KT. HIEFHHME, P<0.05; 5
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KAERARRY
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Figure 5 | mRNA and protein expression levels of transforming growth
factor-B1, vascular endothelial growth factor receptor 2, and phosphate
and tension homology deleted on chromosome ten in rats
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Figure 1 | The changes of renal structure in rats under electron microscope
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Figure 2 | Hematoxylin-eosin staining of the rat kidney (x400)
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Figure 3 | Masson staining of the changes of renal fibrosis in rats (x400)
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Figure 6 | Western blot detection of transforming growth factor-p1,

B-actin

vascular endothelial growth factor receptor 2, and phosphate and tension
homology deleted on chromosome ten in rats
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Figure 7 | Immunohistochemical detection of transforming growth
factor-B 1, vascular endothelial growth factor receptor 2, and phosphate
and tension homology deleted on chromosome ten (x400)



HAEE

PEERTERE @777

Chinese Journal of Tissue Engineering Research  www.CITER.com

WL B, MicroRNA-126 5 ¥ JR 95 1) & J& 3t 2 %5 D) A
5%, AT LR R T RS R AR R 1, 4R S R kb
FEN AR, MicroRNA-126 i 53 11 3 15 ) [ MK /2 5 B0k
PRI RN IR R E R AE I E N &K, Uk4, MicroRNA-126
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