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Role of GSK-3p in podocyte transdifferentiation effect under high glucose condition
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[Abstract] Objective To study the action of GSK-3p in podocyte transdifferentiation effect under the high glucose condition.
Methods Podocytes were treated in RPMI-1640 medium with different concentrations of glucose for 36 h. The expressions of neph-
rin, podocin,o-SMA and Fibronectin were detected by both Western blot and indirect immunofluorescence analysis. At the same
time, the change of albumin inflow amount of podocytes in different treatment groups was detected by using the Transwell cham-
ber. The changes of expression amount and activity of GSK-3f in high glucose condition were detected by using the GSK-3 activity
assay kit. The phenotypic and functional changes of podocytes were detected after disturbing GSK-38 by GSK-38 siRNA in the high
glucose group. Results The expression levels of nephrin and podocin protein were down-regulated with the increase of the glucose
concentration in a dose-dependent manner( P<C0. 05) ,and the expression level of «-SMA was up-regulated with the increase of the
glucose concentration in a dose-dependent manner(P<C0. 05) ; the albumin inflow amount of podocytes was up-regulated with the in-
crease of the glucose concentration in a dose-dependent manner (P<C0. 05). The expression amount of GSK-38 in the high glucose
group was increased(P<C0. 05). Compared with the control group,the expression amount of nephrin and podocin after high glucose
treatment in the GSK-38 siRNA treatment group was increased, while the expression of a-SMA was decreased. Conclusion The
high glucose condition could induce the phenotypic change and functional impairment of mice podocytes; GSK-38 participates in the
epithelial-mesenchymal transdifferentiation process of podocyte under the high glucose condition.

[Key words] podocytes;glycogen synthase kinase 3;cell transdifferentiation; transfection.

H i ER RS B A B T 9 200 7MY ,30% ~40% 4 4 (a-smooth muscle actin, xSMA) . 4 & H -9
BB DR BB A RE 4 R R R B IR B R . | AR 2R R (matrix metalloproteinase-9, MMP-9) \flbroncctm\ 1 % i 5
B B LRI R R B — R UK SPOR R BB & [ (collagen [ )% . A W58 KB £ R FE IR BE T ./ BUBF /NS
TS PE R DI OC . AN MR /N R B B R RO B b g AT A A Ak T B A U ) R 4T 4 Ak L (e
F 53 LA K R I BE S L B DR R R R VR gk R R R 7 R AL R . A BFST NN inte
PR 2] 7 OCHEMPE T . bR IR FE R 4 A (EMT) 2 45 1 grin/ILK \ TGF-B/smad il Wnt/B-catenin % 3 %5 5l f5°
B 200 i A B A R T S e R e R Ak D IR S BT A I A A SAST AN EMT, i 5 1716 T B0A% AE WK 1A 1 B I 4
IR E AT A RSB M Z e qe vk h K H M 38(glycogen synthase kinase 38, GSK-3@) 1 I- 3 &
FAEM . R MR — B R S A b B 2 A R SR 1 1Y EEEBNE5E FURELS S SRS T /NS -

BT 0 2 et EMT B S L R R b s W“ P sy ,m%éﬁ;%mﬁéwﬂazmﬁwmm@

e b * ﬁ:/}ﬁ:wmﬁzﬁﬁ H\ﬁﬁﬁ*ﬁﬁﬁ%ﬁﬁrﬁl}?mkiﬁ{ rw

YEE RN AHFIF] (1986 —) o F g 1 i+ A0 1 BT 5 A 2 DA e 488 1 o 9 83 062 BT 5



1610

B B AR

1 #MHBE5FE

11 kkE F K5 RPMIL640 1 37 % ([, GIBCO) ; i
AL OGO Y ZE D5 b BUPT b Bl GSK-38 B8 5 B BT K
(ab93926) .G i/ Bl pTyr216GSK-38 £ 7 B 47 14 (ab75745) |
HPi /N B Podocin £ 75 & HT K (ab0339) . H#1 /)N Bt Nephrin £
SEREPLIAR (ab58968) BT /N Bl o« SMA £ FL I Hi fA (ab5694)
B Pt/ Fibronectin(ab2413) ¥ Fl Abcam 2\ 7] ; GSK-38 i
632, 7% A (Genmed Scientific, 3 ) , % 4t /) Bl pSer9 GSK-
3B By BEHLIRIE B Cell Signaling 23 &) 5 /N HT /)N B Bractin B
SORERUA I B T A2 A 0 A ) LR A W 5 Bk B R A 10 S b
S0 BB B R B A 1 1L SR P —hi e B L W E B R A
AR E] 37986 ¥ (Alexa Fluor 488 goat antirabbit IgG) 3k H
% [ Invitrogen 24 7] ; BCIP/NBT i &7 & W E X3Pl 1 42
Y TRERAT,

1.2 Jr

12,1 #iffdss 5 TR S0k A/ B 4 i 4l RP-
MI1640+10% FBS 5373, 76 37 C 5% CO, &M T 4K,

JE A 2 80 0 fil A I AT T AL L IR 40 M B EE A 1 X 10° /\/mL

PR E) 6 FLAR .
12,2 kR AS ] o B8 7 2 00 0 2 Al IR L s o 8 K )
W S A A B (12, 5,25, 0,50, 0 mmol/L) i RPMI1640 ¥ 3 3
AEPE RN 36 h, FFBEIE B X B 41 (NG 4,5, 6 mmol/L 7 %)
ORI B X 4 (NG+M 4.5, 6 mmol/L % % B + 44. 4
mmol/L H # ) . R ] Western blot 5 [A]45 G5 5 56 1 75 1 £
T /2 4 i 2% 10 A7 0 25 [ nephrin, podocin FI [H] 3t [5G 2 il 2% U 4
EWY «-SMA | Fibronectin i 33X,
1.2.3  A[R] e JB 78 46 W 0082 2 I 36 h JS AR VE B A
ARk /HéMkﬁE?%&E‘JE?HﬂE@U*fE%E 5X10%) B fh T
Transwell (Corning, 3% E)/INa |2 19 H e £F 24 5 1. Fr 48 i
AlG G 30T I B 35 FE VLR 8 by SR 5 5 A [ v R A 4
(5.6,12.5.,25. 0,50. 0 mmol/L) iy RPMI1640 % 3 3L 4b B &
4iiffL 36 h,36 h J5 K B PBS P 41 2 K. SR )5 44 Tran-
swell 3833 Y E#H | 0. 3 mL iy RPMI1640 K373, F# 5
i 1 mL % 40 mg/mL FBS () RPMI1640 K 333L, F 37 Cg#H
JG LR B SRR 0 BCA 8 v B I s 3k 7] 4 0 g ot
S 2E o R - R N R - S R A 19
1.2.4 SWIAEET R4 GSK-3p W& MER 81k R4 Midx I
WU BE A3 B SR 36 h )5, Hie B GSK-383 3 A6 i k700 5 i B 5
SR FE AN AR I A& R L T4 0606 BE 1 B A T 4% 4 A
a1 OD A, #2 35050) & wd W1 43 o i A X155 GSK-3B 1 4 .
1.2.5 Western blot Eiig K 24 /)N B2 40 My 5 #h 42 B &

TR A & 7090 ~ 80 0 il & B i 47 )5 8 T

EREF 2015 F 4 A% 44 K% 12 4

H . 0 BCA i A IR & A ik B . OIS MR AR B 20
uL/E‘L,FHffHﬁ“E@ SDS*%%WJ?EMEQ@%E&%{MSDS*PAGEW%EE
Lk, R A R M 52 WG 2 & (PVDE) B, 5% i fig
A& A 30 min, J3 B MARBER —$0.37 CHEEF 2 hgi 4 C
. TBST ¥l 3 W g, A AR 40 37 CIEE 2 h, Hik
TBST 2 vhilg 6 158 1 & £ 3 00 & 1 £ 3 0 & S5-I -4-%(-3-m
W ik 1 /S 1k A 3 U (e ~= (BCIP/NBT) 4,

1.2.6 [ HEAREEDOE 54 mua m 2 a0 i i AL S BL— e %
BEHEANF 24 FLrp K ZE SO R A R - H F TC LV By 3= B DL 8
h SR G EaR A T AR BB FR 25 05 9% 24 h, RIGH 4%
Z R H & € 30 min, A TBST ¥E#% 3 W, &K 1 min, FH
3%BSA [ 30 min, B% & A W HE & W podocin, nephrin. o
SMA Hi Fibronectin T 37 ‘CH$HE 2 h, %R 5 FHAH N 899606 3¢
AR W EERR B S5 T 37 CHRH 30 min J5 7 ¢ % B M4 (O-
lympus, H 4<) T W%

1.2.7 )i siRNA JF%JL GSK-3p Ji5 # 0 J& 41 i 35 A K% T g
R4 Gene Bank U4 12 #2 44 19 /)8 B i GSK-3B 42 K Jik Hl (Gene
Bank NO. NM-019827. 6) iy |- iff 7% 81 3 5 fk 2% £ R A BR 2\ A
B4R )% 51 mRNA 3.5 -CCA CTC AAG AAC TGT CAA
GTA-3". [ 1 xF IR 59 siRNA IE X 4 5 %) . 5'-UUC UCC
GAA CGU GUC ACG UTT-3', Ji Jil %5 g izt
ne™ 2000(Invitrogen, 3 [H) ¥ GSK-38 siRNA L) 30 nmol )
W BEAE Y AN 36 h S A 45 2 2 40 il nephrin, podocin, o
SMA ik it (1945 4k 5 [7] B B F Transwell & I 25 41 79 7% &
WA LVEAR 2 4110 7 50 )2 B B Th g

1.3 Seitepab s SRR SPSS17. 0 83t &k k47 0 b7 i &
FORLLL T s o 4 R) L8R S R R 5 2243 17 . 8K 5 LSD
AT P LB KR K HE «=0. 05, L P<C0.05 A2 RAH Y
-9

2 % ES

2.1 EHERET R ER KA NA  Western blot 45 A0
(] 422 G 2 9 B 25 R R - NG 415 4% 55 18 %3 IR 41 H ¢ nephrin,
podocin Fll «-SMA TEHE H K P RFEEEZR LR ITHE X
(P>>0. 05) 5 i = Bl #l¥8 F nephrin, podocin 5 [ 3K 35 K F ¢
NG NG+ M 20 R . LI 55 2500 v B2 09 T 2 3638 32 8
b, B AR T 98 (P<<0. 05) 3 5 NG NG+M 4 5. %
HG 2 o SMA 5 [ 3K IKAKCE T- 8, B Wi B T i 5500 =K
#irE FE(P<<0.05), WA 1.2,

2.2 EMIMET RHMPRZE R EEZ B Transwell /)
AR B WA LAVE A R AT R R T AR, R
HG12.5 41 . HG25. 0 44 NG 435 ik A K (& 3), 2%
S G2 L (P<C0. 05) , 1B 2 40 i & A 3 R e AR ) B2
Bt BE T REAZ 11 .

A 7 Lipofectami-

+.P<<0.05,5 NG 4 IL#.

B 1 £ 48 nephrin,podocin & o-SMA & B RiA KT L



FHRIESF 2015 %4 A% 44 5% 12 B

1611

& 2 £ 48 nephrin, podocin,a-SMA & Fibronectin E H E#ERE RN ER

EEBRRAE (mg/mL)

a
a
L
0 1 L
NGER HG12.54  HG25. 04

@, P<C0.05,": P<C0.01.5 NG 4 1% .,
& 3 ARKREHEEELBEAZARSFEARAELE

HG50. 048

2.3 ORI A PR AL AN GSK-3p Tk w iR m b
WEE T I GSK-38 £#iX B £, HG 415 NG.NG+M 4]
i, 2R A G EE L (P<<0.05), I 4,

2.4 Ji Fl siRNA T4 GSK-33 5 24l il R Al Ar - 251k
A 30 nm GSK-3B siRNA F 4 2 41 i 36 h B T4 sk F e
KB = (25, 0 mmol/L) Ab B %) 2 4 g , HG+ GSK-3p siR-

NA 41 5 HG+ Scrambled siRNA 41 e . & 401 3% i 47 30 &
4 nephrin, podocin FiE &M £ (K 5A), 8] & T Fric & 1 o
SMA kb (B 5B 5 IE & B BE T T4 54 T4 L 42,
R AR R A B2 R RS R X (P>0.05),

", P<C0. 05,5 NG NG+M £ [ f ;" P<C0. 01,5 NG 4 L4
B4  REMAKE GSKIPRIEBLER

A2 40 R TR AR C 2 (1 nephrin, podocin ik & B: [A| T AR IC E 1 « SMA ik &8 :1: NG 41;2: NG+ Scrambled siRNA 44 ;3: NG+ GSK-3p

siRNA 4 ;4: HG 4 ;5: HG+ Scrambled siRNA 24 ;6.: HG+ GSK-383 siRNA 4 .*

HG+ Scrambled siRNA 41 [ #5 .

B 5 WA siRNA TH GSK-38 HyFkik

3 i ®

JE 2 2 U B T /INER SRS M SR T R IR R AN .
AR L F2 AR R AR I AI AR R R 2 [0 B4R 30~
40 nm (2B FR R 2EAL L Z4AL b B 19— 2P0 R B (B 25 M AR
AL ZEFL R A 2R R A AR D O R R E N,
AH e 2R SR [R) 2H 2 2 A e R R R . A TR,

:P<C0. 05,5 NG 24 [t # ;0. P<<0. 05,5 HG(25 mmol/L) 4 &

ERAMRKE

JE T B 41 405 2 22 T B RS K A L R R LA AT O

A AR A 0 T A T s 3tk b R A
FF SR A TR bR A, 1 2% K TR 70 5 40 A AR AR AT B 40
0 i ) 7 SR A0 M % AR SR A AL . R AR R K AR Th fE 2K L
HET 5 B EH R M B, nephrin, podocin $4 /2 J& 4 fifd 22 £ i
R L4 W d NPHS1, NPHS2 [ 45, W] 5 20 il



1612

TR 1) S E b 2L S s A M PR D S ) R A 0 AR R 1
HEPE R AL IE® YifiE . A % # AR nephrin, podocin (1% 9§
MHY T RER BN E AR MR AT, i o SMA HI Fi-
bronectin J& [A] 75 it 40 fil (9 45 R AR B B O E T AL
MlFRIK o SMA 240 MLE e 70 AL I T ARG . o m Rk
bR R A A 70 5T Ay Ak AR Y KR

Transwell 7]NE K I 28 K [R) e B 75 75 1 Ak B 1) 42 200 B 38 2K
oA i AR AL L B 7R 5 B IR B T 40 i B 2 5 B T RE A2 .
PRI W] DA AN M % 2 R TS R Ak v A R
b B AR AR TR T RE A 3 O, I W IR 2 L B R Y S8 R
SECE/NERUE LS T RE SR T RE R WE R v AR IR IE B
R Z— AT 2 — 25 A AR Y B2 36 Sk UE S

GSK-38 J& —Fl st f& PR <7 1 22 Z B2 / 75 2 R 2R 1 g, vl L
R R DR S AN N R AU L A0 M O T R R R L B A
FEHLHAD AR A7 5 R o GSK-3B 26 ik K3 M Y
S H TS0 MR £ A SCERIRGE  GSK-3B 78 i Wi TE 5 1 1
INE I B A0 LA o A 1) 3o AR v T e 3 B 5 b AT SOk 4 38, GSK-
3B AE RS S BT AR RS A B R T A S AR P TS M sR T,
GSK-3B FE 40 il NAE b Ak 215 5 5% Sl i i) T W 2 — .
AT L5 i 22 Fofr 20 1 00 A 4 e R T OB R B L L SR R R i
JRE v R M B s 5 R AN M I R T a0k S . (HAA B
FEUERH 22 1 GSK-3p 4104l )& Mg & 48 1) — 4~ 3k GSK-33
TP R AR 2 R AN Ak 2 2 ) — FR AL, R
GSK-3B AR N i /E A I A 8. fEm B sl — & & 4~ GSK-
3B AR B BT 2 5 A LA 4 5 B B S 5 o E AR GSK-3B BT
P B 2 35 Sk [ A £ 7™ A 40 THT 52

GSK-3@3 &35 17 5 1 o4 1) Bl 48 % A2 41 i o) B 14 52 ), 18 7
HEAT AR P S 56 45 IR AT AT LAtk — 25 Wi GSK-3R. 7% 431k &
PRI B 2R 1 PR TR I =2 1) 18 06 2R 5 ol - FROME PR B 8 T 1 7R
7 PR A S AR

S &k

[1] Zhao D,Zhao F,Li Y,et al. Projected and observed diabe-
tes epidemics in China and beyond[]]. Curr Cardiol Rep,
2012,14(1) :106-111.

[2] Choudhury D, Tuncel M, Levi M. Diabetic nephropathy-a
multifaceted target of new therapies[ J]. Disc Med, 2010,
10(54) :406-415.

(3] Z4on, P g4, 25 . 2 40 AR 453 45 5 0 Bk s ' s 1) F 9
BUARCTT. o [ B2 22 B2 e 27 4 - 2010,32(5) : 590-596.

[4] Li Y,Kang YS, Dai C, et al. Epithelial-to-mesenchymal

transition is a potential pathway leading to podocyte dys-

FRES 2015 % 4 A% 44 55 120

function and proteinurial J ]. Am J Pathol, 2008,172(8):
299-308.

[5] Mariappan MM, Shetty M, Sataranatarajan K, et al. Gly-
cogen synthase kinase 3fis a novel regulator of high glu-
cose-and high insulin-induced extracellular matrix protein
synthesis in renal proximal tubular epithelial cells[J]. ]
Biol Chem,2008,283(45) :30566-30575.

[6] Liu Y. New insights into epithelial-mesenchymal transi-
tion in kidney fibrosis[J]. J] Am Soc Nephrol, 2010, 21
(2):212-222.

[7] Campa VM, Kypta RM. Issues associated with the use of
phosphospecific antibodies to localise active and inactive pools
of GSK-3 in cells[ ] . Biol Direct,2011,6(3) :236-165

[8] Jope RS, Yuskaitis CJ, Beurel E. Glycogen synthase ki-
nase-3 (GSK3) : inflammation, diseases, and therapeutics
[J]. Neurochem Res,2007,32(32) :577-595.

[9] Fukasawa H, Bornheimer S, Kudlicka K, et al. Slit dia-
phragms contain tight juncton proteins[J]. J Am Soc
Nephrol,2009,20(7):1491-1053.

[10] Leeuwis JW,Nguyen TQ.Dendooven A, et al. Targeting
podocyte-associated diseases [J]. Adv Drug Deliv Rev,
2010,62(14):1325-1336.

[11] Billing H,Muller D,Ruf R, et al. NPHS2 mutation asso-
ciated with recurrence of proteinuria after transplantation
[J]. Pediatr Nephrol,2004,19(5) :561-564.

L12] #ti. W D4 Tl G 33 8 44 1 571 Mk 988 240 Jitd 36 T 19 ATL o) B
D] B AR K4, 2010.

[13] Lin CL.,Wang JY,Huang, YT, et al. Wnt/p-Catenin sig-
naling modulates survival of high glucose-stressed me-
sangial cells[J]. J] Am Soc Nephrol, 2006,17 (8): 2812-
2820.

[14] Shakoori A, Ougolkov A, Yu ZW, et al. Deregulated GSK3p
activity in colorectal cancer; its association with tumor cell
survival and proliferation[ J]. Biochem Biophys Bes Commun,
2005,334(4) :1365-1373.

[15] Beurel E, Kornprobst M, Blivet-Van Eqqelpol MJ, et al.
GSK-38 inhibition by lithium confers resistance to chemo-
therapy-induced apoptosis throygh the repression of CD95
(Fas/APO-1) expression[ ] ]. Exp Cell Res, 2004, 300
(2):354-364.

(e H 3 :2014-08-18 & (8] H 1 :2015-01-10)

(255 1608 1)
et al. Validation of the sheep as a large animal model for
the study of vertebral osteoporosis[ J]. Eur Spine J,2009,
18(2) :244-253.

[10] Goldhahn J,Jenet A, Schneider E,et al. Slow rebound of
cancellous bone after mainly steroid-induced osteoporosis
in ovariectomized sheep[J]. ] Orthop Trauma, 2005, 19
(1).:23-28.

[11] Zarrinkalam MR, Schultz CG, Parkinson IH, et al. Osteo-
porotic characteristics persist in the spine of ovariecto-
mized sheep after withdrawal of corticosteroid administra-

tion[ J]. ] Osteoporos,2012(2012) :1825-1829.

C12] J Ok 0 50 B AR, 56 BUAR b IX 28 41 N o g A8 1 97
e s LT ] o B B A A%, 2008, 14 (10) . 733+
735.

(137 o Ao o A8 e 2 B . b v b IXC 1 Jo ot A k1 3 Y
WERE S FgE (T, B B B A 2% AR, 2007, 13(3) 1 197-
200.

[14] Anastassopoulos G, Panteliou S, Christopoulou G, et al.
Vibrational bone characteristics versus bone density for
the assessment of osteoporosis in ovariectomized rats[]J].

J Med Eng Technol,2010,34(1) :35-42.

(Wi H 3 :2014-07-08 & [a] H 1§ .2015-01-15)



