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W OE: BRY U WO RS SRR NE B HK-2 g b Rz IR R #6440 (EMT) RIszm 2 b, B3 BLO. 7.5,
15.0. 30.0. 60.0. 120.0 mmol/L —HXUARIE 48 h 5, RAIWEMEEE (MTT) ER HK-2 4 3E 7 DA A3& 19— FOBUIE
FAR s RIS TR HK-2 A2 A%t HRZE (5.5 mmol/L D-# &85 a4l (24.5 mmol/L H EEEZA1 5.5 mmol/L D-# & #E)
EbEZH. (30 mmol/L D-#iZF#) « =kl 4-7.5 mmol/L — H XIIZH. (30 mmol/L D-#iZj ¥ —+7.5 mmol/L — XU A1k 415 mmol/L
Z FBUTZE.(30 mmol/L D-#i % B% +15 mmol/L — F SN , 5] B 2 540t 58 % 40 HK-2 4T 25, i B 325V (Western blotting)
20 HK-2 400 o-FIEIUILEhE A (o-SMA). E-F5iFHE D (E-cadherin). #4b4:KH+-B (TGF-B). AIMIIMES
TS (ERKD. BR21L (p) -ERK. £ i 4B E A 9 (MMP-9) & [ F:IA /KT, SER %56 & & PCR (QRT-PCR) 4l a-SMA.
E-cadherin. TGF-B. ERK. MMP-9 mRNA FiA/KF¥. &R SxHEAAEL, 30.0. 60.0 mmol/L —HXUMA/ER & HK-2 4iffiE
JIAEF R, 120.0 mmol/L —FXSUATYE R G HK-2 4035 J W BRI (P<<0.05), 1M 7.5+ 15.0 mmol/L —FXAT/ER J&§ HK-2
NG N ZE RS2 ER L (P>0.05); SxRALLE:, msdgeELm S, A4E+ o-SMA. E-cadherin, TGF-B.
MMP-9 2 51 mRNA ik /KLl K p-ERK/ERK #H. ERK mRNA Fik/KFZ R TS5 E X (P>0.05), 1H =AM
KEFRHRETRNERE, HAMF a-SMA. TGF-p E A mRNA Fi&/KF-LL K p-ERK/ERK Z& . ERK mRNA ik /K-
W&, T MMP-9. E-cadherin & (A1 mRNA FIE/K I &K (P<0.05); Hmbid b, mpE-+7.5 mmol/L —H XL
WA, Sh%+15.0 mmol/L — F XU AMZH 40 BT A& AR T B A8 A TR BRI T, H a-SMA. TGF-B 25 I F1 mRNA £k 7K
FLL K p-ERK/ERK HH+ ERK mMRNA FIAKFHEEAL, T MMP-9. E-cadherin & HF1 mRNA FIAKFHEAE (P<
0.05), H.i=hi—+15.0 mmol/L — F XU A iR FE bR AR A0 B K T &kE +7.5 mmol/L — XU, 2518 — FXUNnT #
FEE SRS /NS F R HK-2 4 EMT, HAERALHITT f2 5404 TGF-B/ERK/MMP-9 i@ S LA K.
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Effects of metformin on TGF-g/ERK/MMP-9 pathway and epithelial mesenchymal
transition induced by high glucose in renal tubular epithelial cells
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Abstract: Objective To investigate the effect of metformin on high glucose-induced epithelial mesenchymal transition (EMT) in
HK-2 cells in renal tubular epithelium. Methods After treated with 0, 7.5, 15.0, 30.0, 60.0 and 120.0 mmol/L metformin for 48 h, the
viability of HK-2 cells was detected by MTT method to select the appropriate concentration of metformin. HK-2 cells cultured in vitro
were divided into control group (5.5 mmol/L D-glucose), hypertonic group (24.5 mmol/L mannitol and 5.5 mmol/L D-glucose), high
glucose group (30 mmol/L D-glucose), high glucose + 7.5 mmol/L metformin group (30 mmol/L D-glucose + 7.5 mmol/L metformin)
and high glucose + 15.0 mmol/L metformin group (30 mmol/L D-glucose + 15.0 mmol/L metformin). The morphology of HK-2 cells
was observed under inverted microscope. Western blotting method was used to detect the protein expression levels of a-smooth muscle
actin (a-SMA), E-cadherin, transforming growth factor-p (TGF-p), extracellular signal regulated kinase (ERK), phosphorylation
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(p)-ERK and matrix metalloproteinase-9 (MMP-9) in HK-2 cells, and real time fluorescent quantitative PCR (QRT-PCR) was used to
detect the mRNA expression levels of a-SMA, E-cadherin, TGF-f, ERK and MMP-9. Results Compared with 0 mmol/L, 30 and 60
mmol/L metformin increased the viability of HK-2 cells significantly. After treated with 120.0 mmol/L metformin, the viability of
HK-2 cells decreased significantly (P < 0.05). Compared with those in the control group, there was no significant difference in HK-2
cell viability between the treat of 7.5 mmol/L and 15.0 mmol/L metformin (P > 0.05). Compared with those in the control group, there
was no significant change in cell morphology in the hypertonic group, the expression levels of a-SMA, E-cadherin, TGF-p and MMP-9
protein and mRNA, and p-ERK/ERK protein and ERK mRNA were not significantly different (P > 0.05). However, the cells in high
glucose group lost their original shape and became long spindle shape, the expression levels of a-SMA and TGF-p protein and mRNA,
p-ERK/ERK protein and ERK mRNA were significantly higher, and the expression levels of MMP-9 and E-cadherin protein and
mRNA were significantly lower (P < 0.05). Compared with those in high glucose group, the morphology of cells in high glucose + 7.5
mmol/L metformin group and high glucose + 15.0 mmol/L metformin group gradually changed from long spindle shape to round or
oval shape, the expression levels of a-SMA and TGF-p protein and mRNA, p-ERK/ERK protein and ERK mRNA were significantly
lower, the expression levels of MMP-9 and E-cadherin protein and mRNA were significantly higher (P < 0.05). The changes of the
above indexes in high glucose + 15.0 mmol/L metformin group were greater than those in high glucose + 7.5 mmol/L metformin group.
Conclusion Metformin can inhibit high glucose-induced EMT in HK-2 cells in renal tubular epithelium, which may be related to the
inhibition of TGF-B/ERK/MMP-9 pathway activation.

Key words: renal tubular epithelial cells; high glucose; metformin; epithelial mesenchymal transition; transforming growth factor-f/
extracellular signal regulated kinase/matrix metalloproteinase-9 pathway
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W, AN 10 LMTT KGN E 4h J5, A
THA 100 pL; EHE MTT & 578 s G, 16
bR AR HK-2 ZPRROGRE (A i AN ER &
HI3INEI: LREE IR
2.3 LIGTERATE

SEG Ay N 5 4, 4 BRI : L 5.5 mmol/L
D-H & M IR 1 9% 48 hy WiBdl: LIS 245
mmol/L H Z&®E A1 5.5 mmol/L D-# %5 B i) 8% 72 L 15
F: 48 h; EMEAL: LA 30 mmol/L D-% % B 1 3% 97
FeREIE 48 hy EKE4T7.5 mmol/L W XUIMAL: LL&
30 mmol/L D-% %A1 7.5 mmol/L — FF XU [ 3 75
FeREIE 48 hy EbE415 mmol/L W XUIMAL: BL&
30 mmol/L D-%%j #5115 mmol/L — FF XU [ 3 35
Fe3E % 48 he
24 fFHEEMBENE HK-2 @RS

5 HK-2 ZHARd%IR “2.37 Wi I F[RE AL P
ZERE, SRAME BB S HK-2 i fiEES
AL
2.5 HIZENEEE (Western blotting) #&50 HK-2 48
fith a-SMA. E-cadherin, TGF-p. ERK, p-ERK
1 MMP-9 ERFRIEKF

WEE “2.37 TiALERZE R E I & A, KA
0.25%f 55 (B AL, TIN RIPA 2@ e &
HE, HoMrikda®Aadtires. BEA
FEfh S SR B RMRIR S JE, B KB AR
5min; %R EIKIE 60 pg B AR AT 12%+ 4t
FLT TR BN - 58 A e I Jre B P LUK 0 B8 05 e 22 R A
WOMEIE By BT S%B Rk R 2 h, N
B-actin(1 :2000). a-SMA(1 : 1000). E-cadherin
(1:1000). TGF-B(1:2000). ERK(1:2000).
p-ERK (1:2 000) Il MMP-9 (1:2 000) #§5#
PE—9iT 4 CWHELR: KH, FLERT AN
Yyl AR i) (115000 T =R FHE 2h )G,
ROGHIER: 1 BB 5 8 84+ Quantity One 4.6
AT HK-2 4+ o-SMA. E-cadherin.
TGF-B. ERK. MMP-9 & [ KA /K, LA B-actin
HNASHATRIE. Hd, B RE 3 MEAL;
S ELT 3 K.
26 QRT-PCR E#M HK-2 4Hfa a-SMA.
E-cadherins TGF-p. ERK. MMP-9 mRNA Fix
kI

Wk “2.37 TRALER S5 5 1) & A, SR A
0.25%/: 2 FIBFH L, S RNA $EEGRF & i B

FIEIA S RNA; 700 EETH LS RNA K
FEJG, Wikt cONA; 28 gRT-PCR X7 & ik
B AR S Lk TAY TREROA R AT &K
PCR 5|#) (3£ 1) 7£ 20 pL AR F#ET PCR §
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N2, a-SMA. E-cadherin. TGF-p. ERK. MMP-9
MRNA FXF K F-LL 272 4 CUROR, Horfr, AN AR FE 1
HI3INEAL: LWEE 3R
#*1 QqRT-PCR ¥ 3#&51¥155
Table 1 Primer sequence of gRT-PCR

H 5175

a-SMA F:5’-GGGAATGG GACAAAAAGACA-3’
R:5’-CTTCAGGGGCAACACGAA-3’
E-cadherin F:5’-ACCCCCTGTTGGTGTCTTT-3’
R:5’-TTCGGGCTTGTTGTCATTCT-3’
F:5’-ACTACG CCAAAGAAGTCACCC-3’
R:5’-AAGCCCTGTATTCCGTCTCC-3’
ERK F:5’-TACACCAACCTCTCGTACATCG-3’
R:5’-CATGTCTGAAGCGCAGTAAGATT-3’

TGF-B

MMP-9 F:5’-GCCACTACTGTGCCTTTGAGTC-3’
R:5’-CCCTCAGAGAATCGCCAGTACT-3’
B-actin F:5’-CACCATGAAGATCAAGATCATTGC-3’

R:5’-GGCCGGACTCATCGTACTCCTGC-3’

2.7 HURALIESR

SOG4 B AR 4 VG A1 a-SMA. E-cadherin.
TGF-B. ERK. MMP-9 mRNA } & [ ik /K F 1)
PLX s %o, KM SPSS 22.0 #4748t 24>
M, ZHBEAT R R T Z 5, E— DM
Eb# R FH SNK-q k3. P<<0.05 X% % 74 4iit
3 #R
3.1 ZERRANX HK-2 4pEsE Ha S

MTT sEaG4h R, S04 (0 mmol/L) A
tt, 7.5, 15.0 mmol/L — H XUATAE 5 HK-2 41 fi%
HERTY % E X (P>0.05), 1H 30.0. 60.0
mmol/L — F XUIAE 5 HK-2 i i3S 7180 BT,
1M 120.0 mmol/L — H WUIAEH 5 HK-2 4 i 77 B
EFEIC (P<<0.05). A 1 4RGN sk i 5
(1) HK-2 208 F 57 (R A e, i SRik Bext
HK-2 41 i% 71 TE 52 Y 7.5.15.0 mmol/L — FF UK
BEATSELS . DLER 2.
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x2 TERE_BINIMERAE
( xX+s, n=9)
Table2 Changes of HK-2 cell activity after metformin treatment
at different concentrations ( xzs, n=9)

HK-2 #HAE5E DBk

20531 C/(mmol-L %) AfE
X HE 0 0.25£0.02
ZHXUIK 7.5 0.24£0.02
15 0.26£0.03
30 0.32+0.03"
60 0.31+0.03"
120 0.19+0.02"

XA *P<<0.05
*P < 0.05 vs control group

M [

]ﬂ}

32 XA SHEIE SR HK-2 ZBRE R SRR
I8 DB M st LT oR, SRR A
a3y 2 BT SRR T, P 2H 2[RI 40 M T 348 A LB I
Zers XTI LCEL, Ak KRR AL
RNERIE; Hadidis, SPE-+7.5 mmol/l —H
KUIRZH . mbE-+15 mmol/L — H SUITZH 4 e KAk
TR I AR R T B IR, B b +15 mmol/L —
FHOSUITCZE 4 M A8 A e A R . L] 1
3.3 RN EHEIESH HK-2 ZHEEF a-SMA,
E-cadherin, TGF-p. ERK, p-ERK, MMP-9 &
ARIAEKFEIFMm
Western blotting £l 25 5 7, 5 x0F R ZH L,

FifE+75 mmol L “HIXUIK  =iff-+15 mmol Lt —HIXUIT

1 BIEERMBENE HK-2 EafA (X200)
Fig.1 The morphology of HK-2 cells was observed by inverted microscope (><200)

B Mt o-SMA . E-cadherin . TGF-B .
p-ERK/ERK. MMP-9 & H KA /KFZE R TG
PR HEEAMBE T o-SMA. TGF-B Al
p-ERK/ERK & H R IA /KB &= T x4, i
MMP-9 Fll E-cadherin & H 1A 7K1 B SAKT-0f 20
(P<<0.05); Lz IbA:, mib—+7.5 mmol/L —HXL
FITZE A0 =k + 15 mmol/L — FEXUIZH 4 e a-SMA.
TGF-B Al p-ERK/ERK 25 [ &AW B4, 1T MMP-9
A1 E-cadherin & FHRIEKFIHET S (P<0.05),
HEbE+15 XU iR 8 hr A8 5
B . UL 2 F5R 3.

A S e — S \MP-O

— — — — —
— — p-ERK

TGF-B
E-cadherin
a-SMA
A S SR S ctin

2 Western blotting #:0ll HK-2 £BAfi5h a-SMA. E-cadherin,
TGF-B. ERK, p-ERK #l MMP-9 EZB %A
Fig.2 The expressions of a-SMA, E-cadherin, TGF-B, ERK,
p-ERK and MMP-9 in HK-2 cells were detected by
Western blotting

34 ZHXWAXEHEIEFH HK-2 ZHEEH a-SMA,
E-cadherin, TGF-f. ERK 1 MMP-9 mRNA F&i&
KRR

X AML, SBHMABES o-SMA .
E-cadherin. TGF-B. ERK F1 MMP-9 mRNA &iA/K
FESTSRUFEL, HEHEHMET a-SMA,
TGF-B Al ERK mRNA k7K B & Tt 5, 1 MMP-9
F1 E-cadherin mRNA A /K P (P<<0.05);
SEkEamte, mhE+7.5 mmol/ll —HXAINA. &
BE+15 mmol/L —H WAL+ a-SMA. TGF-B
FERK mRNA Fik/KF- RS, 1 MMP-9 F
E-cadherin mRNA FRi2 /K& (P<<0.05), H
EbE 15 mmol/L — H WUARZH i E iR e it As
g FE B 8K T B+ 7.5 mmol/L — U4 . W,
* 4.
4 g

EMT & —Fh b 5 40 B 46 g ) 5 240 i e 26 4
R, MR E . B E AR RS
FE o R 5 25 B AR ), EMT S22 B 1A 4T 4k & E
IR, BN T R T B TR LT 4 4
PR B BEORVR, R SRR, nTdE I kA
EMT SR NUSLT 4Edm ke i, BI B AR SR
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%3 £ HK-2 #fH o-SMA, E-cadherin, TGF-By ERK, p-ERK, MMP-9 EHRAKFAELE ( x+s, n=9)
Table 3 Comparison of protein expression of a-SMA, E-cadherin, TGF-p, ERK, p-ERK and MMP-9 in HK-2 cells in each

group ( X=#s, n=9)

) a-SMA E-cadherin TGF-p p-ERK/ERK MMP-9
xif 0.25+0.03 0.7140.05 0.41+0.03 0.13+0.02 1.264+0.12
e 0.23+0.03 0.68+0.04 0.43+0.03 0.1040.03 1.30+0.15
T 0.56+0.04" 0.2440.02" 0.9440.06" 0.45+0.03 0.35+0.03"
EBE4-7.5 mmol-L ! — F U 0.434-0.03* 0.36+0.03* 0.66+0.04* 0.30+0.03* 0.54+0.03*
B FE4-15.0 mmol-L T — XU 0.324-0.02* 0.45+0.03* 0.42+0.03* 0.18+0.02* 0.89+0.06*

SRR "P<0.05; Sl #P<<0.05
P < 0.05 vs control group; *P < 0.05 vs high glucose group

£ 4 &AHK-2 BT o-SMA, E-cadherin, TGF-g. ERK. MMP-9 mRNA FiAKFHILLE ( x+s, n=9)
Table 4 Comparison of the mRNA expression levels of a-SMA, E-cadherin, TGF-g, ERK and MMP-9 in each group of cells

( X#s, n=9)

2H 51 0-SMA E-cadherin TGF-B ERK MMP-9
it 1.0040.00  1.0040.00 1.0040.00 1.0040.00 1.0040.00
s 0.96+0.06  1.01+0.06 0.98+0.06 1.0240.09 0.95+0.06
[T 3.354+0.21"  0.53+0.03" 4.26+0.32" 2.76+0.18" 0.48+0.03"
475 mmol-L T —HIXUIK 2.80+0.16*  0.64+0.03* 3.67+0.21% 2.154+0.10% 0.56+0.04*
i +15.0 mmol-L 1 — HIXUIK 1.96+0.12  0.7240.05 2.85+0.16* 1.68+0.12* 0.68+0.04*

EXIIRALLE: "P<<0.05: SmikEAHILE: *P<<0.05
P < 0.05 vs control group; #P < 0.05 vs high glucose grou

E-cadherin 1A/ 11 8] 78 i 40 i br £ 55 H 0-SMA
FILW 255 ffﬁﬂnﬁkﬁ%éﬁéﬁiﬂ’@ LA LA f A e 21 4
YN IR, BERE I K E AN L, R
l‘ﬂiﬁﬁé&%ﬁ’ﬁiiwh I BEE DN B TE) iR 2T 4k
MEERZE, BAHFE/NE R4 EMT BIE
FHIOT, A5 L 30 mmol/L D-% % ¥ il i0s & IR,
NE/NE 2 HK-2 4180 i 5 1 15 SR 5 12 A
NERIE MR AT 4EMRE A, FIR HK-2 i
o-SMA H H Al mRNA Fi&KFHEF &, 1
E-cadherin 25 A1 mRNA FiA/K I E R, 4R
W, AT S HK-2 400 EMT KL,

TGF-B &4 fg N — P e Z R A A KR, 7]

HES EMT {2k 8 i 4 44 1) & £ ERK
7 2 ZLF AL B A R B R, P s
Ui i S DR 7 I B 1 RIS g A R A S TR A B,
B ) R 2T 440102, MMP-9 S L 4R R LIl K
RRCA, B ARARANER IV BRRE,
56 ) R AT GEAL 1 e A2 B D0 AE SQ 08T, 7 A BH A
WE5E B K B, TGF-B/ERK i & 1% 1k ml il i ki
Notch3 FRIA R HE B /INE )7 21 4404 75 5 5 )5

YA RN E R m I AR ORI, RS T
IE ] ERK Gl S A6 MMP-9 I (i k41 i 41
FEJ5R PR AREST, AHFFE LA 30 mmol/L D-7 %5 4 )i s
RIL, HK-2 4ifih TGF-p mRNA Fl2& [ ik /K
J p-ERK/ERK 4. ERK mRNA #iA/KF-H & T
i, 1 MMP-9 mRNA A1 [ 63k 7K 7 B 2 B A%
SERRW], SRS HK-2 40t TGF-B/ERK/
MMP-9 JB#EL . #2718, TGF-B/ERK/MMP-9 i ik
TEATRE A bE A S HK-2 41 EMT A EEHLH].
THORUNCR: — R TS R B R 2, mldid
S8 T PR 5% 2 R e o T 2 A P 7 AR T R B MR A
FHUSL; thegh, — FEXUIGAE n] @ 4] TGF-B 15 518
o R T I = ER RS ) A R AR N T AV )
HK-2 2 gyt TCR2 M 1) 7.5.15.0 mmol/L — H XU
TEFE R, il ET) o-SMA 2. mRNA
1k /KF AT E-cadherin 22 . mRNA £iA /K
TSR RKE . GREH, =
FROSUICRT $06 =b% 15 5 BN B /N R 4 EMT .
ZEERE Guan SFUSIRF 5T B 15 H B HOSUICE i 417
il Egr-1 FIAE KR E/NE FE NRK-52E 4fiffl
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EMT (&5 RAREL. AWTFUaR, — HXUNIAT i 4

il TGF-B T4 J3AR B JIE kAL FRREE 45107 5| 7B P O

] R AFAEAL ), WIE I ] TGF-B/ERK @2l 4E

N B NE b R AR T YA, RN, = FOBUIGE A]

U MMP-9Q 3k KT~ et il o K B 4 b Sk

JRARYI R B R AR 4EAG Y . AT 5T ik — 2D A

P, FOBUNAL B /5 AT B e = o HK-2 20

o TGF-B }2 ERK. MMP-9 mRNA F1%E (4 (A5 1F

.o SRR, WU AT 0] S T HK-2

Yl TGF-B/ERK/MMP-9 @ I ififk. X$Emxw, —

HOSUNA I B /NVE B4 EMT AT R i ad 41

#1] TGF-B/ERK/MMP-9 i 1% AL K S 1)

ARHI F 45 F R W FEOUNCRT $01 ve b 5 1)
NE R HK-2 410 EMT, HAEFIRLH] AT B85 3m]
TGF-B/ERK/MMP-9 Gl BT A 5%« AT T M 4H ]
KV LR IR T F OO R NE B A EMT 1
YEFI R AT RENLE], T — 2D Hg il ik ] s s ik —
AR, LUIA ZHXUIETT DN 4R HEHZ 2

RBFR AR EARGLEF ZTR
e
[ T/hug, AR BRI RIS T R . AELE
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