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[ Abstract | Objective To explore the role of Dickkopf-related protein 1 ( DKK1) in hypertension
and its effect on urinary sodium excretion. Methods Twelve rats with normal blood pressure ( Wister Kyoto
rats, WKY) , and 12 primary hypertension rats ( spontaneously hypertensive rats, SHRs) , all male, at an age
of 8~10 weeks, weighing 190~210 g, were employed in this study. The expression of DKK1 and B-catenin in
the kidney of WKY and SHR rats was detected by Western blotting. Then 12 WKY rats were randomly divided
into WKY+DKKI1 group and WKY control group (n=6), and so were the 12 SHR rats. Recombinant protein
DKK 16 ng/ (g + d) was pumped into the rats from the DKK1 groups via micro-syringe. The blood pressure of

all the rats was measured by non-invasive tail-cuff method. And the urine was collected by metabolic cages for
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24-hour urinary volume and urinary sodium, which were adjusted with their weight. The expression of DKK1
and B-catenin protein in renal proximal tubule epithelial ( RPT) cells ( WKY-RPT and SHR-RPT) was
detected by Western blotting. After intervention with recombinant protein DKK1, DKKI1 siRNA (siDKKI),
and B-catenin nuclear signal inhibitor (inhibitor of B-catenin-responsive transcription, ICRT 14) , inhibitor of
GSK3B (6-bromoindirubin-3"-oxime, BIO) , the expression of DKK1 and B-catenin and the activity of Na®-
K*-ATPase were measured. Results
(indicating Wnt/B-catenin was activated) was higher in the renal tissue of SHR rats than of WKY rats. When

The expression level of DKK1 was lower, while that of B-catenin

the SHR + DKK1 group was compared with the SHR group, the systolic blood pressure was significantly
decreased at 2 weeks after implantation (145.21+2. 83 vs 156.07+3. 08 mmHg, P<0.05), and both urine
volume (37.40+£3.76 vs 27.24+2. 30 mL/kg, P<0.05) and urinary sodium excretion (0.79+0.09 vs 0. 51+
0.09 mmol/kg, P<0.05) within 24 h were increased. There were no significant differences in above indexes
between WKY+DKKI1 group and WKY group. The expression of DKK1 was lower in the SHR-RPT cells than
the WKY-RPT cells, and that of B-catenin was opposite. Intervention of DKK1 expression would cause the change
of B-catenin (indicating the alteration of Wnt/-catenin pathway) , and thus affect the activity of Na'-K*-ATPase,
and the activity of Na"-K"-ATPase was negatively correlated with DKK1. Conclusion DKKI1 can reduce Na"-K"-
ATPase activity at least partially by inhibiting the Wnt/B-catenin pathway, promote urinary sodium excretion and
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lower blood pressure.
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lis, MN) , %t DKK1 Hi {4 (3 [5 abcam A H]) , fehit B-
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Tubulin $i{4 ( #7 [, Proteintech Group) , DKK1 /N4l
RNA (4418 2E47) , BIO( GSK3 Inhibitor XIX , 2% & Mer-
ck 23], ARSI GSK3B #il ], %t GSK3B 1 1C5, =
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GGGATGCTG-3"; J In] J& % 5'-AGGCCTTGTCACAT-



1922 B =R RAEAAR,2020,42(19)

http ://aammt. tmmu. edu. cn

GATCCA-3') ,GAPDH %2 &t PCR 2| %) ( iF il FE 31 : 5'-
AGGCCCCTCCTGTTGTTATG-3": ]2 ] £ 5] : 5'-GGACCT-
CATGGCCTACATGG-3") , 5|9 ¥ 1) R B A M) G il
1.2 sk

1.2.1 SEESshif AL 8~ 10 JEJISIEPE IE & i
KER ( Wistar-Kyoto, WKY ) | B4 J/ & M &5 1 K BR
('spontaneously hypertensive rats, SHR) 3¢ H 4t &7 Vital
River LI SYIHARN T o 2. 5% E o2 bR EE IS , IBR
JE A R , FH R UK 59 A 1] 59 5 F2 Jik, 29 2 em KL T
S ARBCHILF Y F ] DKK1 ZE K6 ng/ (g - d) 119
PO B85 O RK R BB S s el S e, Bsp (] 2 8], e
AT TGO BRI R 1 R, 32 0 & .
1.2.2 TCOIRRMEM &K 24 h R H 5000
FEMRSE IS 1.2 JA o ol = AV R . R FH G B) B
W 7, 7EL 5T T 40 °C &4 ik K
10 min; & HORERZ I 5 Ui, w5 i 2 /0 [\
B 2 min, BOP (R S 200 o 4 R BRI AR E
1 H/%8 bR eI SR PREE T ORAIE B H ORI £ 38
1 d; ZEACHIET NG — 2 20 A oy e f, 0
2 50 mL BLOAE U PRI ;24 h J5 IR B0 FIIR I
JERRR B0 R ISCER PR AT IS 25045 8 o 25 (H 1T
G824 h PR, PRIBOATTACRE U Al vk B2 45 24 b RAVHE
WHAF S, I AR B AL E

1.2.3 HHAGREGO YL B H LR A BRI
K BB YT R HLYIN 4 wm JERLZY]
AL BET A . A8 A s K AR JE AT PR &
TGRS 4] 30 min, —$i % F i 7% ( DKK1 $ {4
1:50) . PBS whykfg = H0 (1:200 i) =2 i bk 6
A 1 h, DAPI YLkt == NI A 5 min, PBS #ijjk
Ja R, R PO BRI

1.3 #mppx

1301 s RBUBUTm/VE bR 4iffkk (WKY-
RPT 40 g ¥k . SHR-RPT 4 Mi ¥k 23K H 25 [E Georgetown
Washington 2% Dr. Pedro A. Jose 52502 ™)) | 4l
IR 10% 1645 17 DMEM/F-12 £ 37 5L iAE 37 °C
Hi% 5%CO, Al s 4 b 5557, R A siDKK1  H
4176 1 DKK1 (400 ng/mL) BIO(5 pmol/L) ICRT 14
(107" mmol/mL) 4bFRA N, FH T HEA 7 4A-BH-ATP [} i
PER I B AL R 1 A T — 20 5580 .

1.3.2 siRNA F#52  HOGE 1.5 mL EP 45
A 500 plL f%) Opti-MEM £ 3£ 3E 60 nmol siRNA, = i
JHCE S ming By — B0 I AE R B AR BT Li-
pofectamine 2000 i B AE Opti-MEM £ 37 5 v 28 YL ik
B S5 mn, B H5 UL L&A siRNA il Lipofectami-
ne 2000 A5 FEILEIMEE 15 min, IRAHIMALNN
i IE Y 80% W A1 F7 ML+, 37 °C 5% CO, il Bs 57

FHRESE 6 h 5 oG SR WEE 48~72 h, Hir
L To 5 siRNA (40 WKY 211 SHR 41, 4% e
i) DKK1 [ siRNA 4 g 53 21 & WKY +siDKK1 241 F1
SHR+siDKK1 2H , %% gL #8 [i] DKK1 # siRNA £ Jfd F1 0
AICRT 14 # %y SHR+siDKK1+ICRT 14 4.

1.3.3 40 DKK1 % 15 i 40 ¥ WKY-RPT
1 SHR-RPT ZHfu ] 1 d fZ4CE 6 FLAk, 75 240 L 25 B2 Ay
60% ~70% , ¥5 R F M A T4 DKK1 3 2R E R
400 ng/mL,37 C 5%C0, 4l a4 E3: 72 h, 3
Hhas X REAL O WKY 411 SHR 41, i A DKK1 & H
40} WKY+DKK1 1 SHR+DKK1, [ fin A DKK1 &
B 1 BIO 4% SHR+DKK1+BIO 4,
1.4 00 B 0 L2450 -47-ATP B & M)
L4 1 ZUsdls  HO eI 6 FLik
B FRIEFE 2, A 1 mL W98 19 A B3R 7K 9wk
3RZ G AERALFIMA 1 mL B i A= BEER K vk F 45
PE BRI AR E 1.5 mL .08, 4 CE L
3 000 v/minx5 min, FEYE 3 K. FF EIEMAZ) 500 pL
HIE 5 22 W% ( Tris HC1 10 mmol/L; EDTA 1 mmol/L
pH=7.5) JI&%5], JECE vK L AH 40l 7855 24#% 5 min 4 C
B> ,15 000 r/minx6 min, 75 1 45 1 1 48 i &) 3 o fin
A 250~350 mL {1t 4 C A= FER K, {5 40 g JIE 25 o ok
IKFNZ) 1 mg/mL,
4.2 BALSKG% KEEREEHKETZ
By, BT 1 E T B R AL sk B B A e A
A AR K MRS 780 A0 Bk 2B, B
(0. 1~0.2 g) B Je i, 76 UKV i A= B R /K Hr vk
B 25 M3, e AR T HER PR &, A 5 mL (538
P (g) AR (mL) = 1:9/ LBl A O FEIARF Y A
FEERK TR OKIB AT, FERBL NS R Py
PR LU, SIS T ol A VKOKIR & I A L
o BT IR B A, LT R s S S 75
A 10% a2 380, 4 °C,3 000 t/min B> 10 min,
B 375 P P A B R K e 1 O R AR 1% 4140503
1.4.3  G4-$-ATP [l 14 A B L - -ATP
TRt G 0 X751 5 A Y M- - ATTP o8 9 7, AR B vl B 45 45
VE IR AC AT BEAE SN , BT A5 A% 3 500 r/min .00
10 min, B _F V& EAT A2 B, 76 636 nm 40 %45 6%
JEH D(636) , BCA L IE 8 MR . HLE A /Nt 4
Z VR A AL ATP B ff ATP 724 1 pumol
TCHLBE R 1A ATP g6 77 By, B GURE K 85/ mg
HHA/h[ pmol/(mg - h) ], TFE A X ATPase i J)
(U/mg) = [ & D(636) -XF 8 D(636) ] +[ #5ifE
D(636)-23 [ D(636) 1 xbrifl it BE (0. 02 wmol/mL) x
6x7. 8+ FRFIFEA TR (M (mg/mL) .
1.5 % RNA #9428 f= RT-PCR #)

FH TRIzol 2 7 & $2 B RNA, 2 % 46 0 ¥ ( Nano-
drop2000 ) I 28 BEE . T B 30 % 3% S i - 10 L ()
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RTIR& W, 4 wL #J 5 xPrimeScript Buffer, 0. 5 wL f
RNase Inhibitor (40 U/pL), 1 plL AJ PrimeScript
RNAase(200 U/pL),4.5 pL W JCHEK, 7E PCR i E
AT EE S 2 w2 30 °C (10 min) ,42 °C (30 min)
95 C (5 min) ,4 CHRAF, 100 L Joff 5.0 4 o Bc i
RT-PCR J&z Jw #% ( 20 L & &) : DEPC /K 7 pL, cDNA
1 wL, 59145 1 nL,SYBR 10 pL, 7£ 12x8 PCR
EHmMA BRI G W, SR 3 AL, PAHERR EA
KRG R 2ZE A AT - PCR R 46 300G B B
95 °C,3 min; =PI : 1B K IEK Ty 39 G
AP 95 °C,10 3 3B k62 °C,30 s; K 72 C,30 s;
Bio-Rad RGEHAM A sh3RI C T 4T 7047 .
1.6 & @RIAE F,I% ¥ i kA2 M DKK1 Fo B-catenin
0 FA
R PRGN & (B = K) UL TR, $2 K
WKY Fl1 SHR K FUE I 28 R A L 2 11, BCA 3300
EREEWEE, N EFEZE ik, 100 C 35 5 min, 10%

WKY SHR

DKK1(37x10°)—

a-Tubulin(55x10°) ’_ A

DKK1

WKY

SHR

A Western blot #M|4 £ ; B: £ 2 T 5047

200" wm
e

DAPI

200 p,m 200 p,m

a:P<0.05,5 WKY kx g &,;C. %%

SDS-PAGE Hijk 554 2 NC i ( Bio-Rad 24wl , 3£ H) ,
T 5% AR AW P Th, 5345 % 5 AR Y — 4T ( DKK
1:500, B-catenin 1:500, a-Tubulin 1:500) ,4 C 54 F,

B W H B BRSEIRE [Bs—$T, IAAE R, —3T
(EHLHR 121 000) EEHEEEIFF 1 h, TBST phist )5 {f H
YA B THH , W Image J 3F5E 55047 -
1.7 %S a

K SPSS 22. 0 Ge it/ Bl DL x+s BUH 3%

7N, PRZH ] F R T o K 3, 2H N 1 B RV 3R O 22 40
Br,P<0.05 25 A Geit@ i Lo

HR

WKY #= SHR X & BB 7 DKK1 4 & &
Western blot Fl i 5 YAl 285 5 7 : SHR KB
B DKK1 32365 F WKY K BL(P<0.05, & 1),
Ifif Western blot £ i 2% % & /R : SHR K B IE 8-
catenin F2iK5 5 T WKY KR (P<0.05,F 2) .

2

2.1

o
W

=9
N
~

0.3 4

DKK1 Xk 4
(=3
(3%

e

200 pm
—_—

| A ke .

% e DKK1 &k

E 1 Western blot F1 & 7 ¢4 M SHR F1 WKY X R 'S iFd DKK1 fy5Ri%
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A :Western blot #5245 & ;

B:¥%% \71‘)1'

0.4 5

0.3 1
0.2 1
0

WKY SHR

B-catenin A} ik

a:P<0.05,5 WKY 41t

2 Western blot #&ill] SHR 1 WKY X R § & B-catenin & i%

2.2 DKKI sF SHR X H i AhHE i B o JE 4 % o)

251 WKY Fil SHR K FR AN 8 4 DKK1 2 [
25, 5 WKY K BUAH Ee, SHR R RO 46 & F% A%
(B 3A) SRR Z (B 3B) JRENHEME £ (& 3C)
WKY 415 WKY +DKK1 4 [0] Fb 4, IR A L&
AT IG T B L (E 3C) s He Fl R 7 25 5
TgiteF B (K 3A B) o [l EHfff A8 i i Na™-K” -
ATP FAS 75 S kG 2 B0 B o -0 -ATP i 15 1
FEAR (1 3D) o

200 1
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E
£ 1004
=
[aa}
w2
504
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0 Ji 14 2 A
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151 I WKY
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= 1.0
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=
E 054
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<
(@'}
0
0 A 1 2 c
Fif ]

1. WKY;2. WKY+DKK1;3.SHR ;4 SHR+DKK1 ;

a: P<O0. 05,

2.3 4B M DKK1 & & st4h-47-ATP B i b 64 vk
Western blot {7~ SHR-RPT 4 iy DKK1 F3h{% T
WKY-RPT #iifts (&l 4A B) . 7 WKY-RPT Fl SHR-RPT
35 5 L o A 20 DKKIT £ [ (400 ng/mL) , &
PUEN-BR-ATP BEE ML SRR (] 4C) .
2.4 FeAk DKKI1 & ik 3344-47-ATP 85 7E M 44 % v
Western blot #1 RT-PCR ¥l i 78 : siDKK1 ﬁ:ﬂjéﬂi
JflJ5 , DKK1 BT FRE(E SA~E) K I 5A-8f1-ATP B
PER I siDKK1 15 f4-80-ATP BERE T (8] 5F) o

60 W WKY
_ B WKY+DKK]1
Ey [ SHR
< 40- B SHR+DKK1
=
£
i)
%
= 20+
<
[V}
0 -
0JA 13 2 J& B
Hsf ]
2504
% 2004
t a
a8
= 1501
2
& b
« 1004
o
w504
-
0 .
1 2 3 4 D

5 SHR b4z ;b:P<0.05,5 WKY rbix

A% E(SBP) ;B:24 h g #;C:24 h Ji#;D: WKY F= SHR X R B 418 4h-47-ATP B /&t

3 DKKI1 xf SHR KRUHEIE FR$A PR

EX B-$R-ATP BgiE tE R R0
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0.6 1
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0.2
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SHR
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0.3 2.54 300 1
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K 0.2 iy = 2004
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= b =z
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= Z 101 &
=2 0.11 = T 100
2 : :
2 > =
a
0- 0- 04
SHR SHR+siDKK1 1 2 3 4
D QH%I] éﬂ%” F

1:WKY;2. WKY+siDKK1;3:SHR ;4. SHR+siDKK1 ;

a:P<0.05,5 WKY (i ;b.P<0.05,5 SHR b4k

A~D:Western blot ] WKY (A .B) %= SHR(C.D) X & siDKKI F# 2k % ; E: RT-PCR # ) siDKK1 F 3 2k % ;
F. #4848 Na*-K*-ATP St % 7) & 160 siDKK1 355 2 i 4h-47-ATP By 1

& 5

2.5 DKKI i@ it B-catenin i 4h-47-ATP B &4

£ SHR-RTP 2 il %8 1 B-catenin 3 ik 5 F
WKY-RPT 4iiffi (&l 6A .B), SHR-RPT 4ff fifd 4 5 4 4%
Jin DKK1 % [ )5, SHR-RPT 41l il B-catenin 2% ik i /b
(B 6C.D, BI#IH] T Wnt/B-catenin {55538 f#% ) , Hif [fi
CLUER] SHR-RPT 4iiffd 71 i A DKK1 25 [ g R AR EA-
H-ATP BEEYE, A BIO #i] GSK3 ( Bl TS Wnt/B-
catenin {55 ) & MLt % DKK1 5 [ 51 & 1) #h-#1-ATP
TG PERE AR A BE 4 (18] 6E) . DKKI1 W] g J2 3 1o 41 1
Wnt/B-catenin {5538 BRI AN -1 -ATP BG4

F&{K DKKI1 RiAXT§4-$0-ATP B iF Y R 00

2.6 DKKI i@ i& Wnt/B-catenin #% 3% 15 5 8 7 44-
47-ATP B 7

CER] DKK1 895 B-catenin M\ [fij 5% 1 g4 -4 -ATP
Hig v 1, itk —25 AR DKK1 38 3 Wnt/B-catenin {55
300 5 15 S-S0 -ATP i3 14, 7 siDKKT 512 -
catenin FRIATH i (] 7TA (B) H-FR-ATP i 1 P43 i
(I SE) RYTEBLT , WA B-catenin AZ {5 5 %% 55 J5 %)
PA-PR-ATP BEEPERRE . 4528 W7 . SHR-RPT 40 fitg A
B-catenin A5 sEHIHIF ICRT 14 #6%% T siDKK1 5[
PA--ATP BERGEPETH S RIS (B 7C) o #2275 DKKI1 jill
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