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(=] By BT KRR HMPRY) (fine particle, fine particulate matter, PM, 5 ) %f G & [ {7 (4 4 4 (G protein-
coupled receptor kinase 4, GRK4 ) i 575 I 15 K He 32 i FR 40 HE 7 3 i Rk & 4 R R RgVER . J7i LA Wistar-Kyoto
(WKY) AR BT /N _E K2 40 (renal proximal tubule, RPT) MRHEFEXT G, WAL AE PM, 5 RIS 415G 3 Na ™ -
K™ -ATP G PELL B GRK4 \DIR KK ZEAL ; L/NTHE RNA (siRNA) HORTUER GRK4, W4E PM, s Xf Na ™ -K ™ -ATP i i 4
B, S50 ARFEWE PM,,(10.50,100 pg/mL) 4bH WKY K5 RPT 40Jfitk 24 h J5, G H B 2R ( P>
0.05), PM, ; FHiZ1 (100 pg/mL)Na*-K*-ATP g% P 1 2 55 T4 B 4L (P <0.05) , FLX} 10 ~° mol/L JE 3 £ 2 ( fenoldo-
pam) FVE HIEO IRZH AR (P <0. 05 ) o A[FHE PM, 5 (10,100 pg/mL) )5 RPT 4 CRK4 ik B g T X B 41
(P<0.05),Z M Dl ZRkNE M FAH BT XA (P <0.05) . L siRNA AR ULE GRK4 J5, PM, ;% Na*-K* -ATP
Bl PR A PR B IR TE W 22 5 (P >0.05) o &5 PM, s3di i 3495 GRK4 L1k, JEMT 4% D1 Z AR A FI Na™ K" -
ATP BEE , 25 1 X PREAHEE 95

[REEWR ]  KRAUWRY) ;G 8 BRI 4; Na®-K* -ATP [ & 1L

[FREESES] RI122.7;R362;R544.1 [ XHEiRERD] A

Role of PV, ; in regulation of G protein-coupled receptor kinase 4 in natriuresis in vitro

Zeng Jing, Lu Xi, Chen Ken, Yao Yonggang, Zhang Jun, Zeng Chunyu ( Department of Cardiology, Chongqing Institute of
Cardiology, Institute of Surgery Research, Daping Hospital, Third Military Medical University; Chongqing, 400042, China)

[ Abstract | Objective G protein-coupled receptor kinase 4 ( GRK4 ) affects renal sodium excretion
via impairment of renal dopamine receptor, resulting in sodium retention and an increase in blood pressure.
Previous studies pointed out that PM,  was a risk factor and etiological factor of hypertension. Whether or not
PM, ; is involved in the regulation of GRK4 and renal sodium excretion is investigated in this study. Methods
We observed the regulatory effect of PM, 5 on cell viability, Na*-K*-ATPase activity and GRK4 expression in
WKY rat renal proximal tubule (RPT) cells. Moreover, we observed the regulatory effect of PM, ; on Na™-K* -
ATPase activity in WKY rat RPT cells treated by GRK4 siRNA. Results The cell viability showed no differ-
ence in WKY rat RPT cells treated by different concentrations of PM, (10, 50, and 100 pg/mL, P >0.05).
Compared with controls, Na*-K* -ATPase activity was significantly increased in the cells treated by 100 pg/mL
PM, (P <0.05), and decreased by 10 “® mol/L fenoldopam treatment (P <0.05). PM, . leaded to a higher
expression of GRK4 and lower expression of dopamine D1 receptor in WKY rat RPT cells (P <0.05). Na®-
K" -ATPase activity in PM, s-treated cells showed no difference after blocking GRK4 by siRNA (P >0.05).
Conclusion PM, s increases GRK4 expression, decreases dopamine DI receptor expression and increases
Na " -K*-ATPase activity, showing regulatory effects on renal sodium excretion.

[ Key words | fine particle, fine particulate matter; G protein-coupled receptor kinase 4; Na'-K -

ATPase; hypertension
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B<2.5 pm ], X —0RY) 3 EOR IR TR Be |
Tl ESFHLS) 4R, BFIHR AR /N o i AR S A
R G0 AR KA RIF I R R T AR, B 5 i B B
EAEEE 271500 PN N 237 il o 5y N

PM, %t 5 1L 9 B9 5 5 B 45 #E s Y (A
PM,, ;50 i 10 s B9 ML o A 52 4 W ff o T A
A R AR (%) 5 22 2% 1, SR D R P R IR 1
A TR AV AR E AT L G | Ak
1 4 (G protein-coupled receptor kinase 4 , GRK4 ) 7£ '
MEFRIEF 5, A 2 B SZ ARG T IR Y, s
IR A A R o, T 5 WD L ) K P Y Tsai 45
X 5 i S B 9 3R W AR TG A B A PM, 5 7 (]
I B H ] PRAMHE M 980 I AR DG . ASSEEG
HAAf PM, o %W A0 il /N B2 48 9 ( renal proximal
tubule, RPT) % 5% W, Jf £ 150 F o (09 7 HBLAI, 4
PM, ;5% 1) =5 1L H 995 4 AT BRAIL il A T RIS

1 #MREFE

1.1 ##

L1 RACPM, REEMARER  fE 2012 4F 11 A % 2013 4
3 FHIIR], TR i, 7R T AR Tl X TR R i
25 AEPREOR R AR A (R R R A R FTE A A ) REE
KAL), K 8:00 ~ 1800 AR FE M, BRI KERSH, 4R 2
AR URE 490 T B SRASE 45 v B BB 2T A DB AR (iDL T R ALAERAT
MRTTAEA ) o RS T A IR 1 em x2 em /M3,
BT 20K A 2% 30 min, 3 4 Y0R8 201 52 5 WO
6 JRL AT NS DRV B ST IV VR 25 T4, 60 U KT
J5 AT =20 CykAE e Hl o T, FRI— 2 i ) PM, 5
TCB PBS W] RS, M RIS 4 CIAAE .

1.1.2  HAh#t WKY %) RPT 41 i #k f1 35 [E Georgetown
K27 Dr. Pedro A. Jose SZEG z= 32 fiE. RPT 4 fu kB T 4 ~
8 JH i WKY KB, REAE 52 90 © TR 55 5 9% f& RPT 41 i 5 A A
FIREPEC T DMEM(F12) 85 3% W0 i 24 100375 | i i g 11 9 )
Gibco A s Sehi Fl GRK4 2 sg B diih St il D1 Z K £ i
Uik Hedt il GAPDH £ 3¢ B B 4A 10 F 56 [ Santa Cruz 23 7],
CCK-8 I &l A H AR AL 5T T . s Na ™ -K ™ -ATP
R P00 5 BT UR) 0. 75 mol/ L S bRk (0. 12 mol/L & (4
0.02 mol/L pH =7.0 Na, EGTA .10 mmol/L £ LH M H %
[#] Sigma 2\ 7], 1 mol/L Tris -HCI 4 H 3% [& Novono /A, HiAth
BN =3 ol R 2R 1 20 BT A 75 [ Beckman 23 7]
it

1.2 Fi&*

1.2.1 ZiiEsEss RPTHESEA 95% 255 M 5% CO, 3G
FHHLERSR , B B 3R 56 DMEM (F12) 85 %38 (55 10% Jif 4
MLIE) , FES I PM, s TF0AT , 2400 5% FI JC i 3 R 7R 5L VLIk 24 h,
AHIEFE PM, s X RPT 41 1553 S AN [) ¥ B8 1 T 20« A5 o 24
10 wg/mL . &7 241 : 100 pg/mL,

1.2.2 4HM3G J7 4 (CCK-8 i) B IR 4r 10 RPT 40 /g
FE) 96 LA, FRKEFR I W MBI . Rr a3 80% il

Jei, ATCIME 55 TR B U 24 h )5, 4 DMEM (F12) 8558 56 (%
10% JGA-IMYE ) , 44T AN B PM, s T30 A2 (10 pg/mL) |
Hk R (50 pg/mL) (= Il B4 (100 weg/mL) , 557 24 h )5, &
FLANA 10 pL (5 CCK-8 %, 1 h J5 FE#AR (X AE 450 nm JU &
JEHE[D (450) ], A TR 208 40 M 7 AT ) =
100% ,
1.2.3 Western blot PM, , TS 19 RPT R FH & B 4
R A, Bradford 30 E 25 IS . 1 8% SDS-PAGE LK 73
AR ARG A TR E AT ES S NC JE L, TBS ¥ Bt
3R, 5% WENEWIKE 4°CH AR . A GRK4(1:500) D1 Z{k
(1:200) \GAPDH —%$i(1:500) J Jif 1 h, TBS JZE¥E 3 ¥, A
Fhife IgG(1:10 000) , % PR EWFF 1 h, TBS Pk 3 1K,
ODYSSEY £LAMEEMEATE RGAAR , Boit 4B 45 45 I IR BE 1L
1.2.4 St a s B PCR(g-PCR) PM, s il # RPT
K Trizol 32 42 Bt RNA, /] TaKaRa /Y & PrimeScriptTM RT
reagent KitA (PERFECT REAL TIME) it % & # 17 % % 5 PCR,
FREIH DNA BT -20 CHP{RFE, 4T q-PCR SR K430t , B
FZR (25 pL) : ddH,0 8 L, BS54 1 wL, FESI4 1 ul,
¢DNA 2.5 WL.SYBR® Premix Ex Tag™ GC 12.5 plL, GRK4 5]
YIF 5, [0 : 5’ -AGTGATGGAGCCTCTGCTGT-3"; F iff: 5'-TA-
AATGGCCTCAGGATCAGG-3', GAPDH Z[# %51, I-1i%:5'-GA-
CATGCCGCCTGGAGAAAC-3'; T {if: 5'-AGCCCAGGATGCCCTT-
TAGT-3',
1.2.5 Na®-K"-ATP BgiG P& (5 KB HIE) S AT
PRIYLIM A Na ™ -K ¥ -ATP §i64E, 31457 D1 Z sl M (JEik 2
PE,107° mol/L) LIVLEE RPT 40 Jif bk # 5 B 7E , F-740 nm 4k He
6, R4 BT I 7= A (R JC LB (Pi) & i, Hovp By ATP
TG PR TORE B HAATE T 2R Y Pi, Mg + -ATP g TE 4 A
BRBETAE R ER P, 2 #2228 Na”-K* -ATP B {E Pk,
it % P B ARG /N B A 2 e B R P R AR Y P R EROR D
wmol/(mg - /h),
1.3 %itsFF &

THEERR M x =5 3R, R SPSS 17. 0 G it 544743
Mo PALIRIR T ¢ 456, B ZH DA 1 0 bR B R 2 7 25 40407 o

2 HR

2.1 PM, ;s RPT @ itk 4m B & 77 69 % v

PIARFMERE PM, ;T WKY KA RPT 40k 24 b J5,
CCK-8 & & I 40 M 35 1 2 75 : 10 pwg/mL 41 [ (100. 92 *
5.66)% ] .50 weg/mL 41[(96.94 +6.34)% |, 100 pg/mL 41
[(92.12%12.44) % | F B4 #9403 J1 5 X8 JR4H (100% ) H
BEHMRER(P>0.05),
2.2 PM,,F71 RPT zmfej5 Na*-K* -ATP & 7& 1 % 1L

[ BE AR TR E PM, 5 (10,100 pg/mLL) T WKY K ELAY
RPT ZHffI % 24 h, #X J5 F e B P9 4 0 3 Na* -K " -ATP il i
P, & B PM, s T Hi 4] (100 pg/mL) i Na®-K*-ATP i 1% ¥
(0.19 £0.01) B &gt = FXF BRZH (0. 15 £0.01) , 7S TAEEZ
PE (107 mol/L) fEHJG , PM, s T-1iZH (100 pg/mL) ¥ Na™-K " -
ATP FEE (0. 18 +0.01) % BZH (0. 12 0. 01) 55 (P <
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0.05,n=6) , TLARi# 2R R 10 R ke s
2.3 % GRK4 5 PM, (%} Na*-K*-ATP 8 7& M % 1%

L) siRNA $5R77T%k RPT 41} GRK4 J5, PM, (100 wg/mL)
PR T Widk Bk 19 RPT 40 i, J5 W ¢ Na*-K ™ -ATP fif§ & P &
B, T WL Na* -K*-ATP Jifg 15 45 (1. 04 = 0. 08) F5 Xt #8 41
(0.99 +£0.10) Jo 225, FEARH L (10 ~° mol/L) 4 IS Y Na* -
K" -ATP 6 P Fe SN M (3914 :0. 79 £0. 07 5 X FE A
0.76 +0.05) ,
2.4 PM, T RPT Zafie /s % & lez4k 1 (DIR) 84 %

EF &3

FAAR IR EE PM, 5 (10,100 pg/mL) T RPT 4fl itk 24 h
Ja , G PEENIE R PM, s T AL A8 H RSB T FE, @Al =4
DIR #ik7KF-(0.35 £0.09) F X R4 (0. 71 0. 10) T F&IH
(P<0.05,n=6,1),

1 2 3

D1 [ 74> 1

GAPDH— «—37%10°
1: 2418203210 pg/mlL 28;3:100 wg/ml 20
1  Westen blot # iR [E]iR & PM, s T RPT 541 DIR
EARIEHNEIE
2.5 PM,,F 7 RPT @t j5 GRK4 9 mRNA %k & %
SF &3
PIR[R)#e BE PM, 5 (10,100 pg/mL) T WKY L% RPT
4 fEAK 24 h J5 SR H Trizol 742 HL RNA, i 4% 545 5 <DNA,
q-PCR 3 # 9 $2 75 PM, 5 + 7l 41 () GRK4 fiy mRNA 3% ik
[10 pg/mL&: (0.87 +0.06) ;100 pg/mL 2H: (1.34 £0.06) ]
BN (0.64 +0.09) P R (P <0.05,n=6), Mit—
W E AN FEVREE PM, X RPT 4 fu ik GRK4 &35 [R5 1 , 6y B
s PM, 5 i T T4 1) GRK4 B8 H#i4(0.51 £0.04)
BXTHRZH (0.27 £0.04) B @38 (P <0.05,n =6, 2) ,
2 3

1
GRK4— [N 0 10°
GAPDH | e samm— — <37 | )’

134 B82052:10 pe/mL £8;3:100 pg/ml 41
2 Westen blot #&7REiR & PM, s 771 RPT /548 GRK4
EARXHNE

3 it

PM, AE N2 S5 39 i £ 4y, S IR BT R I
PR R R R EE M E R, e A TG E
SEUESE PM, s 5 HE O I Y 6 R, o R 451
A R TR U PM, 25 1 R Y & e L
il H o H PM, 5 51 e a5 ML i AS 58 4 WA .

GRK4 J2 5| i i 1L H3s Ak 22 ML H 80 2L B A 1) 1R
#2Z—. GRK B £A W/ A& MR, A7 #
WY B 9T & B0 GRK4 V. 78 6 3% 1 g 28 . 3 i
W& A, H LG8 3 B4 v i kL i AL 0 E S A
G R S P IR K R GRK4 ik
B, FHCENE DI Z KRR AL FE B R, DI Z K G

B FRARIE, KR X Na ™ -K ™ -ATP ZE4 22 1 1 il g
S5 DI ZRIfERA, MR . AT R,
GRK4 725 54 (R65L  A142V  A486V ) 5 A & 1L JE ik A
Ko BRAEMIBFFE ZI, RA 30% ~50% & ML A st %
B 76 MR B CRK4 A7, 45 3
$E/R GRK4 [ 3A 78 FHm a2 8] 17 HAL P Z= 897,
AT BF 5 & B, 72 PM, 5 4b 315, RPT 40 g #% 1Y
GRK4 {3k KA T A1k

BATIEIL AR . PM, 5 i 12 GRK4 513 D1 Z{k
Je Na®-K ™ -ATP il 1% P oc2s , i 5| K 8k 8, 51 &
L ER . AR E] T PM, A3 S RPT 2 f bk
Na*-K " -ATP BF5E 45 B AIESE . AWFFTUESL, PM,
T4 RPT 40 fifafk Na* -K*-ATP i 1% 1 -7+, 457
D1 Z K (e L2 ) )5 T B4R Na®-K*-ATP
BTG T RN B, B4 SRS PM, § v] 38 4 5
I DR AR HETE 5 7S 1 T v o

Rtk — RS GRK4 £ o g /R F, AR B 58 XF
RPT 4k f7 T GRK4 JER TR, KI5 HS
T PM, s 7, H5 R R T ER G T 4l Na®-K " -
ATP B P00 4 G 8 22 5, % D1 24438 ) 57
(AREZ ) B R NR B2 1E 3, FRSZIRIESE T PM, |
fff il 1 52 1 GRK4 i 3k i %t Na ™ -K ™ -ATP [if§ (1) 5
M), FtE— 25 1 K AR TR 5 | o3 0

AR T PM, s TS RPT 4 itk D1 32
& GRK4 % 135 L4 & GRK4 i mRNA 223k, & #
PM, T T4 (%) DI 52 {4 3 3k & 5 6 I 4 T B, GRK4
A S H: mRNA Rk BB B4l Th . MO e 52
PM, 1] 5|2 GRK4 FihHh R, LIS D1 &2 kR ikuk D,
AT o] RS ) R AN HE T

ARSZEGUESL T PM, 5 ] 38 1 5 i) bR A4 HE T A2 12F
I P 2 A 20 JR SR T W) I e (R R AR 22, PM, 5 X R
EHE R HR R LR — . S2Ee g SRR T
SKEEM) PM, 5, 2R 2545 F M 15 AT RE G B 40 A Fr 2
Sle JF HARRSEME FAY 2 PM, o SRR, Lo B 2%,
HLARATFP R0 E T PREANHEMA 5 LU i — 25058
WS,

M2 T WKY KB RPT 48Rk 85T, 3ol
A T PM, X} GRK4 9 55 PR, LA SCHAH Y 37
TE SR . PM, il i 52 GRK4 Kk i, B
ik D1 AZ AR IR, 475 Na ™ -K ™ -ATP [ 1G4k, 51K 4H
R T | L B P REML 2 —
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5AdEMTAHTE 1 BB & PR IE B Yy, X IR
11 3 e A T WG e, o5 BB 27. 5% , B34 R R 7E TR
AT AN B TS 3 BAPE 25 T J5 T I IR G TR e () B0 B 2 B R 22
AP (SR M TR e 22 ), HOOR A (BB S BR ) -

3 i

U JUAE e PR b 5G T 4 URA IS B T8 52 75 e 5 D T WPl
RS TR D BRI A AL WL L SRR
AR AEE FH TG B 78 1 7K, - 4 B 3388 A R, TR R T I 2 ik
G TAR R PN I PR AE R A W F) S B TS s v ol T3 0
T2 TAR B RN S SO 5 21 BRAEA RS A I,
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(1 65 REZH 240 7 75 e -4 0 54. 5% filt R &35 AR AL 1 fF
FEUABET RN 0% o 15 G0 AL WA 240 BRI 5 22 B PR TR AG: H 4
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FEOHAIRTE . Y JC R ZE KA S A W TE 1R IS Y
TR R0 T 20 T ) A R B, (AT I S R R R
S GRS BRI, ARBTG5 R B, WAL TS S Y,
AR IR I SR ) L A1 DR o, L5 H A v 1) 240 7 5 3
o TS el E Y — B0, AR GBS BE B S M BLAT [ DR, (R AL
WA TSR BE T IPPOE R R B, WE ZF AAR
TR S R AR i 75 2 , % 5 7 I L ™A 422 I I e
SRR BRI ) M CIHBEROAR ML) AT G EOR, e B 58T A
SR T B2, s o R 47 AR 2 1 7 IR SOE R AR R B
N T P 004 AR R R A I8 T K T A BB ol P A A A
AR 0 A IR B, DL R T B . 1AL
TERE RS AR AT BE o T RE SR MR AL HAF T 10 i 9 s
[ BRI PR ) 2 A8t 2 YT 2, DR A 4R o T iy 1y

W,

AT T PR B3 A LR — Bl oRe ] B0 90 K TR DB
REAT AL U 25 S B R S AT B, PR UE SR I T 40U i
Heo IRETIE T HA BOR AN BE ST, X T4 22 B L o 22
L LA B RE I —E R e R M A
TSR, 2l BRI — U A 30 1Y
e TR T A SR, H R R 4 DG AN BRI ) 41E
FA Y e~ A IRAR T I 2 Ik R BLAR Y SR AL AR
ST R R B B N AR Y P G . ARTE HLAL TR
TR ZE TR KRR B3 — 5 I 110 PAY A TR 38 A K SR8 2 P
TG S R R W RIFREF IS 15 0 R AL, T AR it
Pl SRS RIS Y, 5 2R K AE R AL IR LE , T I I R e
E T RN ER G 7S (T
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