4345 9 ) BN RN === FGERAS B )
20234F9 H Journal of Nanjing Medical University (Natural Sciences ) - 1201 -

- KA -

AT 4EIE T RN EI STATUTCF-B1 5 S BRI ERRF S
S INE _E R AR EMT 02T 4E4K

B OFEE OBRERR H,EEPR
P T ER AR 25— EE B AR VTR W% 223300

[# ZE] BB RHARE G R B B /INE TR ZH Y T Bz AR -] 50 BT AL RN 2T e AL 52 e B o 0L . Tk A
AR N/ INE b B A0 HK-2 , 43 S X6 BRZL BB AR TR 41 e+ BB 2E RT3 0] B AR AR 91+ 2 B 4 . J1] Western blot 5
RT-PCR 43 5460 B3 72 25 3% 32 1 Rifl A9 338 K. Western blot #6045 2H I Bz ZM i 5 %6 25 1 (epithelial cadherin , E-cadherin ) |
a- - WUNLEL 2 F (a-smooth muscle actin, a-SMA ) £ 3% 2 [ (Fibronectin ) \ 7 b4+ [ F-B1 (transforming growth factor 1,
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Dapagliflozin improves renal tubular epithelial EMT and fibrosis in diabetic nephropathy
by inhibiting STAT1/TGF-B1 signaling pathway via Rffl
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[Abstract] Objective: The current study aims to investigate the effect and molecular mechanism of dapagliflozin on epithelial -
mesenchymal transformation and fibrosis of renal tubular epithelial cells in diabetic kidney disease. Methods: Human renal tubular
epithelial cells HK-2 were cultured in vitro and divided into control group, high glucose group, low dose dapagliflozin + high glucose
group and high dose dapagliflozin+high glucose group. The expression levels of Rffl were detected by Western blot and RT-PCR,
respectively. The expression levels of epithelial cadherin (E-cadherin) , «-smooth muscle actin (a-SMA ) , Fibronectin , transforming
growth factor B1 (TGF-B1) and signal transducer and activator of transcription 1(STAT1) were detected by Western blot. After Rffl
was overexpressed in HK-2 cells, the expression levels of E-cadherin, a-SMA, Fibronectin, TGF-B1 and STAT1 were detected by
Western blot. Results: The expression level of Rffl was significantly lower in the high glucose group than in the control group, and the
expression of Rffl was increased after adding dapagliflozin. Compared with the control group , the expression level of E-Cadherin in the
high glucose group was decreased, while the expression level of Fibronectin and a-SMA was increased. After Rffl was overexpressed in
cells, the expression level of E - Cadherin was increased, while the expression levels of Fibronectin and a-SMA were decreased.

Compared with high glucose group, the expression levels of E-Cadherin in low-dose dapagliflozin+high glucose group and high-dose
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dapagliflozin + high glucose group were increased, but the expression levels of Fibronectin and o -SMA were decreased in a dose -

dependent manner. Compared with the control group, the expression levels of STAT1 and TGF-B1 were increased in the high glucose

group, but significantly decreased after overexpression of Rffl or addition of dapagliflozin. Conclusion: Dapagliflozin inhibits STAT1/

TGF-B1 signaling pathway by up-regulating Rffl expression, and improves epithelial-mesenchymal transformation and fibrosis of renal

tubular epithelial cells in diabetic kidney disease.
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1.1 A

N /INE F R 4 HK-2 40 (I rp IR ft
ONFED s IRAE ML  DMEM SR 72 5 (5 4.5 o/l
D-#i % 0% ) . DMEM I 5 32 58 (5 A 1 /L D-H %)
BE) 0.25%JB 8 i E R R . 5 R (Gibeo A H,
K[ ) ; 5455115 (Med Chem Express A Al , £ [H ) ; il
U b Bz 40 o 55 %k 25 F (epithelial cadherin, E - cad-
herin) . 2134 7% [ (Fibronectin ) .STAT1 , a-Tubulin &
SEREPUA, ebia-~Fi# ULEh E H (a-smooth muscle
actin, a-SMA ) \TGF-B1 .Rffl Z ek L FHith—
Pt JZEPT R 3T (Proteintech A &), ZE [H ) ; Trizol J5i
L JLiA50] Lipofectamine™2000 5 5t N Invitrogen 2y
A), & E) , RT-PCRIAF (5t ERE A ) ) ,RT-PCR
19 (Rt Wi A | s KA DHS o (Jb 5t R}
PR A FRA R 3 25 450k PCDH F 841 PCDH-
REfLJ5RL (M 2 S8 A= W R A BR 3 7)) 5 PCR AY
(Eppendorf 23 A, 78[5 )
12 F&*
1.2.1 wmpissi

NE/IVE TR A HK-2 78 37 °C.5% COL A7
FP A 10%I54- 10055 1% %5 K (100 U/mL) FlEE
% (100 pg/mL) i DMEM 5532 365535 . Ak K
A& 2 80% M}, H1 0.25% 1 JER A A 20 Jfd , 4 e 4
RGN e == S|l K A L AV (2 AW = 1)
Y HLAE 37 °C . 5%CO, 35 T2 48 h 15 5% 24 h 5 400l
LR, LAEBRIET-BUANM, DUS 42 d40eii 11k, B
XPEAE KA A AT T S5 5T
122 44

WA X B0 HK -2 20 L, 5 25 4.5 o/ L #2550
() DMEM @i #2355 45 48 h, icVE S (HG 41) ;
fifi F & 47 1 o/LL 75 285 B8 9 DMEM fRGBE 85 5% 2k 5 5%
48 h, e /EXT BT (NC A1) o WA XU HK-2 41 fifg
FEFR T 6 FLA, 20 AT 2545 51 e+ A2 (Dap-L
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A S wmol/LiEA% 51 ) DMEM (= B 15 77
FEHEFE 48 h) |, i ) IR A B+ i B AL (Dap-H 41,
il A 10 wmol/L iK% 5115+ (1) DMEM i 0 1 77 5E
K537 48 h) , PCDH 41 (PCDH %% 2 HK-2 41l g, {# F
DMEM /b1 75 355 3% 48 h) , PCDH-R{fl 2H (PCDH-
REf1H% % HK-2 4], DMEM mibli g i35 48 h) .
1.2.3  Western blot £

Hdie IR [ R 0 2H 55 55 48 h Y4 LH 40 i, i A&
T 19 RIPA 4 i S fif i 42 U2 it b ) & 1, BCA IR
FIGXT R AT E &, AR5 RS rhif e 1]
1:5 B9 FeAI 8438, 100 CAEIEAEYE 10 min, B
50 wg FEA TR NN EE R FL Uk (SDS-PAGE) 71
5,90 VARIR RS 2 h, 5% IR W85 37 CEtHA]
1 h, 533 A E-cadherin . «-SMA . Fibronectin . Rffl .
TGF-B1.a-Tubulin HLAA , Br A HrAR IR 455
FE, 4 Cib &, TBST YU, 28 AN 1:5 000 7 B 1
HRPFRICHIFEDT R 1gG TR 1gG, IR 1 h, i
FE NG , H Image T34 2515 K FE AL
1.2.4 RT-PCR#|

K TRIzol P4 LA L rh 5 RNA |, 2 R i 5
R & A cDNA, DL cDNA N #EFT qRT-PCR
KW, PCRAGIR 5514195 °C 30 s TiZE1E ;595 C 10 s,
60 °C 30 s 40 MG ;95 °C 15 5,60 °C 60 5,95 °C
15 s REMEMANZ . LIBNSIE A (B-actin) AN S,
S FH 22244 Rl mRNA FOFHXS Fik i,
1.3 %t uE

FTAT SRR FH SPSS 21.0 #4143 07, 44
BIERS A TR TR BB R 22 (3 £ 5) TR,
WIZH F R FH R 06, 22 40 0] 22 57 U ok BT 2%
25T, T AR H LSD-t /256, P < 0.05 R 24
SAEGIEE .

2 # R

2.1 RIfl f& 3 4E3E 509 HK-2 28 0 P AR F A
qRT-PCR G R B A B 15 % 1Y HK-2 41 i
RFf1 )2 357K, 45 5 878 HG ZH 418 7 Rffl mRNA
K5 NC 2H WH T BAE: . Western blot 46 4% 5 41F IH
HG ZH 4 REfL &R R IA B NC AL T, 22 7
HE R (P <0.05, K1),
22 fEEAEIEIR e HK-2 4o e P id &k Rifl
qRT-PCR %5 3R R , % 44 85 40 Jio ok PCDH- Rl
J& , HK-2 H Rifl i35 7KF- 5 PCDH 44 AH E T 2 |
Ft. Western blot 45 5 qPCR 45 5 —24, 5 2h
P gt Fe 55 REA (1 HK-2 400 (P < 0.05, 8 2) .
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(=)
i

(=]

NC4l HGAH

=
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A:qRT-PCRAGI Rl mRNA (XS ik 1 5 B: Western blot £l
R A Rk & 5 NC AL, P < 0.05,n=3.
E1 ARIREFEERSFHHK-2 t Rl RIEKF
Figure 1 Rffl expression level in HK-2 cultured at differ-

ent glucose concentrations

2.3t Ak Rl #7463 48 35 P HK-2 40 e # EMT
o 2 4t

5 NCEHAHLL , HG H AN T E-cadherin £ 38
IR, Fibronectin . a-SMA 45 [ R 57K T i
(P <0.05,n=3) ;5 PCDH 414 It , PCDH-Rffl 2 41 g
71 E - cadherin 5 4 3235 7K F 7+ & , Fibronectin | o~
SMA & 1 £ KK AR (P < 0.05,n=3, 1K 3) , #&/R
13k REUIN R m B R EE h HK-2 B9 EMT M4k
2.4 k) 4 A h) B oM AL 22 69 HK-2 48 8 69 EMT
Fa 4F Y 4k

5 NCHAHLE , HG H A E-cadherin £ 38
B IKEFEAIG, Fibronectin . a-SMA 45 [ R 57K FE T i
(P <0.05,n=3); 5 HG 41, Dap-L 4 } Dap-H 4
AL T E-cadherin 3215 /K E 3 F1 5, Fibronectin , a-
SMA KB (P < 0.05,n=3) ; 55 Dap-L 41 AH 1L,

Ap=t 200.0 B PCDH 41 PCDH-Rff 41
& 1500 . GO
g . (x—Tubulin- ‘50 kDa
4= .
= 20 15
z 15 i
= 1.0 ;é B}
= 05
g 03 £10

PCDH#{ PCDH-RfflH &
Tos
|
= 0

PCDH 41 PCDH-Rffl 41
A:qRT-PCR A5 Rffl mRNA AR 33K 4 B: Western blot £l
Rifl & 4 A AN Fik 0t 5 PCDH AL AR, P < 0.05,1=3,
B2 E4 B PCDH-Rfl # £ /5 Rffl 78 HK-2 Y R X
KF
Figure 2 Expression level of Rffl in HK-2 after transfected
with recombinant plasmid PCDH-Rffl
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A : Western blot #1452 E-cadherin . Fibronectin .a-SMA & |4 #3% ; B

B: 454 E-cadherin 25 H 235 1Y 8 55007 5 C: 240 Fibronectin 25 FH 3k 1)

EET D B Ha-SMA H H FIERER/HT. S NCAILE, P < 0.05; 5 PCDH 4 L4 ,"P < 0.05,n=3,

3

Western blot # ]33 3% 3% Rffl 3 HK-2 & E-cadherin. Fibronectin.,a-SMA 3% 3% B 251

Figure 3 The effects of Rffl overexpression on the expression of E-cadherin, Fibronectin and «-SMA in HK-2 detected by

Western blot

Dap-H g+ E-cadherin 3235 7K F-F} 5 , Fibronec-
tin -SMA FFEHIFEAR(P < 0.05,n=3, K1 4) , $7R ik
A% Z T i e B AL B Y HK-2 1) EMT RET 44, B
TRV ) R v, ST A P R

A B

=
=3

2.5 AR ARt S

Fik
5 NCZHAIEE, HG ZHANAEH R JE AP
(P <0.05,n=3) ; Dap-L £ % Dap-H 2H 4 ifd + Refl 33k

b 3% 7 64 HK-2 28 i, P Rffl 49

D
v % Jﬂﬂlﬂ ]Im mﬂm 2.0
% o S &)Q 4 919 X *
AR ﬁ ﬁ 15 #
E-cadherin - - L L B £ 0] Z A
= 1.01
Fibronectin . --- 263 kDa ?EEEE( ?}!EEE( ?EEEE( 0
= g 7
a-Tubulin ...-- 50 kDa g 0 g . 5o
T cﬂ% W B s s s o8 cﬂ% B
= NG Qa\’ Q%Q
93\’ 0‘&9 Qz&‘ 0‘&

A: Western blot £ 452H E-cadherin . Fibronectin .a-SMA 45 [13%35 ;B

£ 41 E-cadherin 2 14235 1958 14307 ; C 2 4541 Fibronectin & F1 & 1A 1)

SE T D 45 A a-SMA AR E BT . 5 NCALILER, P < 0.05; 5 HG AL IL#L, P < 0.05; 5 Dap-LZLLL4L, “P < 0.05,n=3,

E4

Figure 4 The effects of dapagliflozin on the expression of E-

Western blot

IR TFHGHL(P <0.05,n=3) ;5 Dap-LA4IAI L, Dap-H
ZH A A R FIR7KFFHE (P < 0.05,0=3, 81 5) , #&
TNISAE S AL RS R B HK-2 Hh RELAYRGA, B
INARBNE R O 5 , £ REA B VR FTERAH &
2.6 it & ik Rffl 37 %) & 48 3% 7~ 49 HK-2 20 i
STAT1.TGF-B1 # ik

FHXF T NC 41, HG ZH 4 i STAT1 . TGF-B1 11y
F KK FETHE (P < 0.05,0=3); 5 PCDH 4 M 1L,
PCDH-Rffl 41 4 it 1 STAT1 . TGF-B1 & 1 £ ik /K-
BIFEAR (P < 0.05,n=3, &1 6) , #1123k R0 75
W35 HK-2 41 STAT1 . TGF-B1 B33k,
27 AAEF) F Ik FHAE R S0 HK-2 @ e
STATI1.TGF-B1 & %3k

5 NCAIAM L, HG 4141 ifg H STAT1 . TGF-B1 1Y

Western blot # il i 1& 51 /4% %t HK-2 H E-cadherin. Fibronectin,a-SMA 3% HI 51

cadherin , Fibronectin and o -SMA in HK-2 detected by

FIRAKEFHE (P < 0.05,n=3) ; #I L HG 41, Dap-L4H
K Dap-H 214l STAT1  TGF-B1 FA PR (P <
0.05,n=3) ; 55 Dap-L ZH A [t , Dap - H 2 41 fifd
STAT1.TGF-B1 FKiEHIFEIL(P < 0.05,n=3, K 7) , £
FRIRAS S B BERE FR ) HK-2 H STAT1 . TGF-B1
(IR, IEHE G A v R s, 0 A PR 35
3 0%

T e R N = Yl N /AN A RA SR/
I, FE AR A 0B R 10%, HRE
Bt PRI B A 23 OB , 31 2035 4T, 2 BRE IR
FBCE R 2013 4 (1) 3.82 /238 %] 5.9242 , Herp

KL 40% W) B R 85 22 & 8 A DKD™' . DKD J&
W JR I e 7 T B AL A O RIE 2 — , /& 5 EL ESRD
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' 3. IS R BN I B 4T EMT B T 4

o O ' {1 L AAEE DKD IR W P 2 J2

B oo i T 4 R A
. B /INVES | iz 40 EMT 76 1 E 27 4 A o % 1 T
200 == FLE P T EMT T e — s B | 4B 2%
F o1 CFUEALIERE . 7 EMT o8 oh | 1 AN TR (2
E Ll * %8 HUUHT-RE 7R AT A AL R OB, D
o N SR L 2 4 A , 7 B B E D BE ™, E-cadherin
=021 1 AR B B R L JRAER I AN s
, , , , PERF AT . o-SMA S JJLET 4k B AL 225K B —
NCAL HGHL Dap-LAL Dap-HAL BEAEZR 11, 75 B 4 27 b T B A AL R

A : Western blotﬁff'}?ﬂ%éﬂ RIfl 85 4 %15 B:%éﬂ RIfl 25 #2351 Fibronectin IEé I%é?é&’“ﬁ q:‘—‘ﬁlj 3‘5% E/‘J ECM Jﬁﬁ'} ’ /ﬂ\:
FERHT S NCALIAES, P < 0.05; 5 HG 4 HLE:,*P < 0.05;5 5 Dap-L

. IR 2 ECM B VR 1] 2744 e
ElS Western blotiilkiE 543t HK-2 s R EiAtomny e o H EMTHLLE-cadherin 5 L, a-SMA |
Figure 5 The effect of dapagliflozin on Rffl expression in Fibronectin 55 [B] J§i b5 25 #2215 i Th i 55 Oy = 245
HK-2 detected by Western blot fIER v BB — B B R R R 1B

Wi, Bz m 0 TTE—RIIEERT, S EN

MR, WEI N TR B SR W BN S A B R . E3 12 %35 B2 MARCHT
INE TR i EMT I B 45 4 b J& DKD 3 i 3] RERZ JH 5 E-cadherin Fl1B-catenin F) #3578 P S5

A R B C
N R 427 2
REFRZIINIRN p :
LT E 0.6 , ®is- "
3 8 83 KD = =
STATI M W a Z 041 £ 0]
1er-1 I 0. H[—(Z -
a-Tubulin SE—-————— 50 ] 5 0 = 05
SR orer ye S o
D B (B B B (D (B
$(, (SR ST\ CP QO B 2o

< P
A:Western blot K145 2H STAT1 \ TGF-B1 2 113635 ; B &4 STAT1 8 1 3K M E ST 5 C . B4 TGF-B 1 2R (A #IA M E =434 S5 NC 4 kb
B,°P <0.05; 5 PCDH A B42,"P < 0.05,n=3,
El6 Western blot {&illid 5% Rffl X HK-2 1 STAT1. TGF-B1 &£ K 750
Figure 6 The effects of Rffl overexpression on the expression of STAT1 and TGF-$1 in HK-2 detected by Western blot

A R B C i '
DN 1,%5 Q7 1z 2.0 7 . 3@2.0 #
$C> Q\C’ Q-b\ sz& X H% . )
AT 151 # Fis-
STAT] gt S W W8 83 kD = i = i
TOF-1 w1 ), = 101 H{E{ 1.0
o-Tubulin - - — — 50 kDa %—E{ 0.5+ = 051
: i
5 oLl L 1L 11 e ol L 1L T
B D R (B OB OB (B B
Rt W e

A:Western blot Rl 45 41 STAT1  TGF-B1 £ 1315 B 4541 STAT1 25 FIRIA R I /00T 5 C: 441 TCF-B1 2K AR ik /T s 5 NC AL LY
,°P<0.05; 5 HGAL L3 ,"P < 0.05; 5 Dap-LZ LLEE, “P < 0.05,n=3.
&7 Western blot #lliE #8514 3F HK-2 1 STAT1. TGF-B1 & iEHI ST
Figure 7 The effects of dapagliflozin on STAT1 and TGF-B1 expression in HK-2 detected by Western blot



- 1206+ [ S N

A3 5 oM
202349 A

, USP7 3@ 1 33 MARCH7 H B 199z 14k, I ta5E
MARCH?7, M\ 1 4 55 E-cadherin F1 B -catenin ¥ 3
KU TGF-BHILLAE S EMT & 2E , 7EFLIR b R 40 il
o, B AR R 53 ] LAJETE TCF-BI5 577 AR I EMT™
I B3 32 2% 1% 42 Rifl 0T 38 1 MDM2 25 1552 % oK
Pk p53 BREAR ™ . RIS AT 38 5 PRRSL A iF
mTORC2 /-3 () PKC- B R A1 DA 11T 52 1 fili 21 4k AL i
JET ., ARG AR BN, RN B BN B R A
Jiti  E-cadherin 28 15 7K - F& I , Fibronectin . a-SMA
FIRIKE TG T R G 238 W] 3w 5 00
NG L A EMT, $7R R 5 220k HAT — 58 B9
il A AL B B /NS T B A HK -2 A 4R AR Y
YEH.

SGLT-2 1 ifill 712 — B A 1 1% 28 7K 718
RIREWEZ  BREEHEAEHISE &k B B s
B /BRI DR R G SRR A S E
SEE MR PER Y X 18 JE A S B L1155 db/db /)N
FEAT 4 JR IR A& SRR YT, B IE TGF-B1 27 ¥ g )i
TGN E 9y 1 IV B R VL S Fibronectin FY 2 1512
B RRAR . WFGE N SRR A T LIS 2 P ]
BEEEVE , HETTFEAIK O-GleN A c A B MR R 1 /)N
A P B STAT1/TGF-B1 i FEIIE >, AT 2k
B/ NERI AL . AR AR BN, 5
ALY, AR A 51 1+ re Al 2 A e 70 o TR A 51 e+
BB ZH T E-cadherin 3235 7K F 34 7+ 15, Fibronectin .
o-SMA FTRIKF-BIREAIR , I 52 80— Ay 391 R
PE, $27 I8 5 B T im0 NS b
YN HK-2 & AR LR 4L VR

TGF-B1 1E EMT FlIZH 2 2F 4 Ak v i o 245 18
FH, AT RLIE [8] 45 EMT, S B 8] 5 £F 4k 4k 2 B /NER
B Ak Y S AR R o R IO 23175 R U0 DKD
H1STATL FMITGF-B1, 315 5B /NE R EF 4 AL it
FEP S B0 STATL v] LI -2 4 Ak i) it =, it
AN, STATA 538 B AE B 4T Ak bl 5 2 BB M
FH , U0HE STAT 7] 5 5 EMT JF S 805 0 E 2 i 7
AT, EEAL PR B/ NE T R Al STATT
TGF-B1 IRV T, i 434 Rifl J5 STATL . TGF
-B1 FRIRACFREAR, X R WITE B /NS T B 40 i HK-2
H B3 72 K450 R % STAT1/TGF-B1 18 #% HAT —
FEANGIVER o BEAh AR5 & IR A% 51 ¥ [ A ]
Wi STATL TGF-B1 1R IA/KF, JF 2RI —EmY
FEARAGE , 0 BIAAR B 4k EMT (94 7T B
IR v OS50 STAT1/TGF-B 1 18 B AH X .

ARHIFTE K I, SR B4 0] 28 fifk v INLWE 2% A '

N T 2 AR EMT FIEF2EAL, FF4m ) T2 £F 4k
- STAT1 FITGF-B1 KRk, AMFHIDRE L
5Vt DKD B /NG L Rz 40 EMT FIEF 440 i3
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