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WE.BE WTFER 5 (1S) s RAW264.7 E v 4m fo 5 8 AR B 5 % & (ox-LDL) #3515 A
B EAERAA ., FiE 0.10.50.100.200 F= 400 . mol/L 1S 432 RAW264.7 ta i 24 h, % A CCK-8 &Ml &
RAW?264.7 2m io /- 7& &, A Xl Rl & RAW264.7 2 it Dil 4790 AL A K 55 % g & @ (Dil-ox-LDL) A%
¥, 200 wmol/L 1S 422 RAW264.7 Za AL 0.12.24.36 #= 48 h, M & RAW264.7 4 i, 57 F 4= Dil-ox-LDL &%
. 1S 28 RAW264.7 #m it A 200 w mol/L 1S 32 24 h,UO126+1S 21 RAW264.7 m itk 5w mol/L UO126 i 4k
2 h & F 200wmol/L 1S 422 24 h, M| & 3k 4 40 1S A F» UOL26+IS 21 RAW264.7 %8 it 4 i& & Fe
Dil-ox-LDL &% & , 7 & A & & Ji 6P i % (Western blot) & 42 1S #13k 15 min B+ 49 ERK1/1 & & &k ¥ 0L,
ZEER 1S 2 RAW264.7 4m foL 7 i F 08 S AL Ao B R 2R AR P, R F) 40 0R) bl gk £ 7 kit & L (P>0.05),
Dil-ox-LDL &% E 5 IS iR E R A AT a3 2 EAA£ (P<0.01). IS 2849 Dil-ox-LDL & & F= 5§ B2 1L
ERK1/2 8 2k ¥R & TIEALHM(P<0.01), UO126+IS 2145 Dil-ox—LDL &% T oAk T A 7240, {2
E2F A% FEL(P>0.05); # i ERKL/2 &8 Rk FREKTIEARLE, 2 F A%+ 5FEL(P<001),
UO126+IS 20 R IS 28 )b %5, Dil-ox—-LDL & 3 A= 8B f ERK1/2 & & & ik 33 2L KW 4% (P<0.01),
L5 IS T AN A5 F RAW264.7 Ev% 0 5 ox—-LDL, &M % diE3k MAPK 12 5 45 3@ 9% 52 31,
HLRE IS sk B I B A i a2 K 3 3E

K ARV S B4R AR 1R M B R SR B ARARAL ; ox—LDL; RAW264.7 E v 49 L
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Induction effect of indoxyl sulfate on uptake of ox-LDL by
macrophages*

Chun-ling Guo!, Hai-tao Shi*, Yong-jun Qi? Ping He? Zhi-ren Zhang*
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Daging Longnan Hospital of the Fifth Hospital Affiliated to Qigihar Medical School, Daging,
Heilongjiang 163453, China; 4. Harbin Medical University, Harbin, Heilongjiang 150081, China)

Abstract: Objective To investigate the induction effect and mechanism of indoxyl sulfate (IS) on uptake of ox-
LDL by RAW264.7 macrophages. Methods RAW264.7 cells were treated with 0, 10, 50, 100, 200 and 400 wmol/L
IS for 24 h. CCK-8 assay was employed to obtain the cell survival ratio of RAW264.7 cells, and flow cytometry was
employed to detect uptake of ox-LDL by RAW264.7 cells. After RAW264.7 cells were treated with 200 wmol/L IS
for 0, 12, 24, 36 and 48 h, and the cell survival ratio and uptake of ox-LDL were obtained. RAW264.7 cells of the
IS group were treated with 200 wmol/L IS for 24 h, while the cells of the UO126+IS group were treated with 5 pwmol/L
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U0126 for 2 h in advance and 200 pmol/L IS for 24 h. Then the survival ratio of RAW264.7 cells and uptake of
ox-LDL were determined in the non-treated group, IS group and UO126+IS group. And Western blot was used to
detect the expression of ERK1/2 protein in the three groups. Results In the detection of dose-dependent effects and
time-dependent effects of IS on RAW264.7 cell survival ratio, there was no significant difference between the groups
(P > 0.05). Uptake of Dil-ox-LDL positively correlated with the concentration of IS and the action time (P < 0.01).
Uptake of Dil-ox-LDL and the expression of p-ERK1/2 of the IS group were greatly higher than those of the non-
treatment group (P < 0.01). Uptake of Dil-ox-LDL of the UO126+IS group was slightly lower than that of the non-
treatment group, and the difference was no statistically significant (P > 0.05). While the expression of p-ERK1/2 of
the UO126+IS group was obviously lower than that of the non-treatment group (P < 0.01). Uptake of Dil-ox-LDL
and the expression of p- ERK1/2 of the UO126+IS group were significantly lower than those of the IS group (P <
0.01). Conclusions IS can directly induce uptake of ox-LDL by RAW264. 7 macrophages in vitro through activation
of MAPK signaling pathway, and the effect is enhanced with increasing concentration and action time.

Keywords: indoxyl sulfate; cardiorenal syndrome; chronic kidney disease; atherosclerosis; ox-LDL; RAW264.7
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BONGARTZ 1“0 ¥ 1% 45" B B ff 915 Hh /0 51
BUIfeZ P S5 KM A RS BR - 8K
ik & - B[ R & 48 (renin-angiotensin-aldosterone
system, RAAS ) Fll 5 JiE K - 1 — ZR 51 8, 2 [m] HE5)
DB OIREE— A 32, DA SRR RIR AR R,
254 1E (cardiorenal syndrome, CRS ) FHE /&2 45
B AT 2E A s, B D RE R 3 B T e il P
AL> 1 % 4 (congenital heart failure, CHF ) i 5 5 %
ISR L 5| &0 A FET- SR 0] e
20 fi%. [FIFE, 29 1/4 (1 CHF 5 At & B Uit
i — 20 A i 2 B M G I M Y 6 A%,
DB R R 1) 2 2 28 B4 CRS A # 1 7 5T
s 2248, BT H A& HL T AT = R
B AT T B — B sh . Bk, SRR 0B 20
A B SIHLEIXS T CRS BB 1A & AR L. 181k
545 (chronic kidney disease, CKD ) i % 42 3l ik s £
Ak A R & AHE, TR BEAE 75 3 /& CKD AUk i 72
HURE Z A EORE F0, LR R A AR ER,
A IA B IR AT BEFAG Do T, B R 0| Wk 7
(indoxyl sulfate, 1S) B[ &% ¥ Jow v d5 1 2 1 B O
Z—, UEAEIR A O B BRI N B TR T
CA S IR UETS 1S T BRA A 2l 2k s
E S /N BUAY 32 30 Ik B B hn s O i I AR (0 B
HICT 1S HE 3l s kol A i Ak & Az 7 i i ELAR AL ]
A UL AZIE T I 20 A I R S 9 TR AR 1 R
BT AT 5800 A 1) ST o, BT LAAIFSEE IR T 1S
XTI 24 i PN A 5 4 A AR %8 i 2 11 (oxidlized
low density lipoprotein,ox-LDL ) #4175 546 T I 47 4
VTS, 72 b BiIE CRS $R4LH Y7 48 .
PHRIEIF o

1 RS 7%

1.1 SCISZmBa. M RAn A ik

T 6 1S VR H AR RN A T A TREAR3
FL: OB TR ZXHON R RAW264.7 F ELH
BHBE AR )2k TR 2K EE 2 x 10° 4> /ml,
A 96 LA 0.0 ml/ fL, B S fkbR CO, B4 (I
SRR AT FR A DA W RE J T4 A B
IS(EE Sigma /A ] ) BT i 5 57 38 I AL 1S
e 434 0,10,50,100,200 A1 400 . mol/L, 7§ IS
121 24 h JEIEFLEEATA 0.01 ml/ FL CCK-8 &5, 78
I 4 h IR CCK-8 17 & (I il B Ak M Bl
BABR ) o A6 T 40 M35 7 (A450) , F52 5540 3
RSN RIHR 1S X RAW264.7 4 i F7 1 21 5%
M ; Q% BUEMMERIEA 12 FLH 2x 10° 4~/ L, &
WEEHE AR, HEABAREO, HE IS 7ZiH
18 h J5 & FL M A Dil fr i %4k BUAIR % B2 Al 85 1
(Dil-ox-LDL) (At st A A R A BR B4R A R,
BY 20 giml, 4k £ 5557 6 h J i 55 5, 48 vk Lk
FT VB0 P R 0300 W 5 41 L 2., | BD FAC-
SCalibur it =X 24 A8 (b 50 AR 0 R 1l B 7 X 25 A B
oAl METOEHRE, BEE IR 3 IRHE LA R
IS X+ RAW264.7 2 it 71 Dil-ox-LDL A F1 B2 .

ST 5 A g H A2 R B E AT P AT AR AR 3
FL:DRAW264.7 AT L B Mk 2 x 10° A4~/
ml, $2 A 96 LA 0.1 ml/ FL & B A K M EE fS
T EERT SR ILAR SR R 48 h, FF XL A ] 5
NS 38 200 w mol/L, 15 1S 4351324 0.12.24 36411
48 h J5 USFLEE A 0.01 mI/ L CCK-8 X7, %43
N 4 h 5 AR BE CCK-8 3 771 & 77 1k K6 I 40 A 7% )
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(A450), HE LU 3 IH 5 1S 1R [F] B fia]
RAW264.7 4 I 15 R 520 5 55 BN i B
A 12 FLA 2 x 10° A4~ 1 FLE S TR AE K, HUR b2
ABRFED, HE 1S 25121 0.12.24 .36 fi1 48 h 5
LA A Dil-ox-LDL, J 20 g/ml, 4kZ:55:6h
Je W BE TR, G T B P R A R
JE AN, b At LSO o S i B, H AR S
3 WL 1S AE FH R [A] B 8] %) RAW264.7 4 fift 7 I
Dil-ox-LDL fig S 520

w7 3 2 HRI AT EATHEAR 3 L. Ok
2 x 10* > /ml 4 fA i 422 A 96 FLAk 0.1 ml/ L & i
BB A K, WEEE S UO126+IS 2H W 4 i Bt A5
5pumol/L UO126 ( Fig3Ea A HARA RA F) I
Bt R IR, ARALBRAL AN 1S ZH O e S i e 4
W ,2 i 1S 20 F1 U0126+IS 2H 5743 i 1S {1 200
wmol/L, ¥ ISRV 24 h 5 W FLEEAI A 0.01 ml/ fL
CCK-8 ik FI|, 7843 i 4 h J5 K IR CCK-8 ik &
RTINS 7 (A450), HAE S 3 IRF L4 H
RAW264.7 4l I AF 15 R 22 55 @77 BN i Bl
A 12 FLA 2 x 10° A4~ / FLEE B AR K, R 4541
AP IREID, A IS 12 18 h 5 45 4 A FLFHn
A Dil-ox-LDL i i 20 g/ml, 4% 28537 6 h, Zwhisk
WCFT O P B 0 B P AN 3, L s
JRASCIN 2 5 B, 842 S 3 IR 48454 Dil-ox-
LDL IR 255, QUM EBHZ AR TR 1 x
10° 4 /i E S A AR K, H G A B BR[O, 15
1S #2115 min JE {0t 55 TR, 28 0Pk (AT B0
SYEEE, UK R R LA— BB R kR
ERK(p44/42 ) ¥ BB AR R — P B it Ak P b
ICHIPT R BEBREE 1 G BUiRsr B & FEG, A
E378 3% (Western blot) 3230 5 fi P 41 it 40 0 15 2 1
P4 (extracellular regulated protein kinases1/2,ERK1/2)
HEHFRAE, BEEER 2 RERSHEARLREN
Z5to
1.2 Sit=FHiE

K FH SPSS19.0 Gt A4k 47 2545 4 A , 4 B A
{6 % . Dil-ox-LDL Wi & f 8 1 43k 1 I EL + b
HEZE (X = 8) RN o X T4 R BE AN ] 2, LA K AR ik
FHZH 1S 0 A1 UO126+1S 2H MR , #5545 & 7 2257k
W) 22 20 1] e33R F ANOVA 43#T, WG 2H i) L3Sk )
SNK-q K5 ; & AFF6 5 2257 Z2 41 1] L 35k
Kendall’s W £ 55, P4 [A] Fb3 ok H Tamhane’s %
5y, P<0.05 MR A G E L.

2 HR

2.1 IS Xt RAW264.7 4 1 #Fi& % 0 Dil-ox-LDL
LR RR BN

W 1 FE 1, Zr9ILL IS M 0 M3 H 4 A
1% %5 F Dil-ox-LDL Wit 2 BbnRiE, 1S W= ik
AN 25 L T A M SR A TH . 22 R Esei2
= .(P>0.05);1H % 4H Dil-ox-LDL %W & Fifi 1S 12

F 1 1S3t RAW264.7 HRiafEiE R
Dil-ox-LDL & k= f BT 8] 35z

1S 2 A ] NMIAEIE 2R [% Dil-ox-LDL # Wi /%
0h 100.01 + 3.60 100.00 + 6.83

12h 101.32+2.73 125.89 + 8.647
24h 99.58 + 3.44 147.71 £ 9.39?
36h 100.81 +2.17 168.70 + 10.55”

48 h 100.29 + 2.88 185.32 + 13.40%
F{H 0.84 91.04

PAE 0.500 0.000

e 5 ISR 0 h 41 4 ,1)P=0.000,q=-7.052;2)P =
0.000, q=-12.327;3) P=0.000, ¢ =-16.399;4) P=0.000, ¢ =-17.018

120
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g
SN | 1 T
'EE.\-.J - i
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80
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IS ¥ % (| mol/L)
A
180
¥ 160
@
{2 1 T
& 140 = I
= FEs
S 120 P
I -
4 100 I ——F
A 2
80
0 10 50 100 200 400
1S ¥ 5 (wmol/L)
B

A: IS X RAW264.7 i L7 1% 3211 We FE RN ; B+ 1S X Dil-ox-LDL
I B 1 e P R
1 1S %t RAW264.7 A& R0
Dil-ox-LDL & lE =AY K FE 3R
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TR G R BT, E R 2= R A gt L (P<
0.01).
2.2 IS 3 RAW264.7 4 il 77 i& 2 # Dil-ox-LDL
B = 1 B 18] 3R

A3 LANS 32 B[] O b 345 A 200 A7 315 2R D
Dil-ox-LDL v i k2 BbRE , 1S 1=V B[R] AS [] 1)
L (R LA el A T, 22 R e i B (P>
0.05); {H£54H Dil-ox-LDL ¥ bl 1S 3= ek [a] 4k
KR, ZRARIHFE X (P<0.01), VLK 2,
2.3 &{H RAW264.7 Hfa7FiE % (Dil-ox-LDL &
EEEH ERK1/2 EARIZER LR

g3 0 DhAE ab B2 I A5 R 4 AF TR R
Dil-ox-LDL Frlg it R A =S MirdE. 53

120 |

AINEAETGE 2 1%

0 12 24 36 48
IS =B8] /h
A

—k—i

0 12 24 36 48
IS =] /h
B
A: IS X RAW264.7 1 A7 2R 4 B [E] %00 ; B« 1S X Dil-ox-LDL
RIS )80
2 IS X RAW264.7 HpaEiE ZEF
Dil-ox-LDL &&= /Y i 8135 Kz

b R ZH B HE %, 1S 4 AN UO126+1S 41 (40 M 77 1%
RS ERKL2 A RIB AR, (H2ER T80t
5 X (P>0.05), [AiF,1S ZHf) Dil-ox-LDL FFWgt:
WL b ERKL/2 B 1Rk s I 8 & FHE b 28
4, HERALIT2FE L (P<0.01), U0126+IS Y
Dil-ox-LDL 7 5AE A B eIk, (H 25 5% 6
giitee i L (P>0.05); W fb ERK1/2 M1 3Rk ot
KIEAR TR A , 22 7 A Giit2# 5 L (P<0.01),
AN, U0126+1S 415 IS 4L b #, AMMIAFE R M B
ERK1/2 IR IA R BA FHF (H2ER TG R X
(P>0.05);Dil-ox-LDL 7 I & 5 1% 1k ERK1/2 2&
H R R IR MR, H 22 R A g2 (P
<0.01). W3 2 FIl¥l 3.4,

AEAb PR IS 41 UO126+IS #H

-

3 &£4AZ ERK12 EEMEEERL ERKL2 EBRIILE

160

B A3
140 "1S4l
Uot2ss1s 41

120
100
80
60
40
20
0

HMIAFIE R D|I o-LDL R ERKL2  BffafL
Tl ERK1/2

o

T3 1%

4 £4H RAW264.7 {HRATFTE R \Dil-ox-LDL FiEE
1 ERK12EBERIZERELEE

xR 2 3HBEMATFEZR.Dil-ox-LDL FEE ERK1/2 EARIZEMLE

251 I MIAFIE 2 % Dil-ox-LDL F I /% & ERK1/2/% Wik ERK1/2/%
[0S | 100.00 + 2.65 100.02 + 4.57 100.01 + 1.92 100.02 + 2.10

IS 41 96.72 +2.93" 140.36 + 5.02% 96.57 + 4.38% 145.01 =+ 3.33"
UO126+1S 21 98.24 + 3,58 95.74 + 65779 99.74 + 6.82° 21.80 + 3,952

T SR HEE L 1) P=0.069, ¢ =2.034;2) P=0.000, ¢ =14.556;3) P=0.109, ¢ =1.762;4 ) P=0.000, ¢ =-27.992;5) P=0.356, 4 =0.968;6 ) 5
IS 41 Lb#K, P=0.440, ¢ =-0.805;7) HEAbFHY] L#L, P=0.219,q=-1.310;8) 55 IS4I[L#, P=0.000, q=13.219;9) SARAbHiL b4k, P=0.927,q=
0.093;10) 5 IS 41 1b4¢, P=0.361, g =-0.958;11) 54k Kb A 4%, P=0.000, g =42.829;12) 5 IS 41 4%, P=0.000, ¢ =58.417
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FEIFRES, 2 O PR A AE BT RR M1 B X 5 e 0 A it = MR E i 2 O A AR E

3 it

NS 5 BEAG 2 1 ES , 25 A% Z (R BE 43 T
1 DA R (SN B = @ I YN N eY (S o i
BLAY PR 43, 2[R 2K HH 2 R4 10 B0 )24 A0 e
PRS- 45 22 B B AT, AR I RE Y 35 UM o6 4%
RRE T P R B R AU S E AR . H 1840 4F
PIORRY HERITIER & X JREHAE LK, A 200 42
FREE R % BATE O S A Bl 2 0 i
ARG E IR TP G B A, fRRE AR ]
225 e A R A R 1 1S St 4 b
P17 RS TR IS AR AT LR i B A7 A, 10
1E CKD BERN, TEFRFT B 78l 1S AT
BTG, A A0 S — 25 R B T B A
“BEAGIR 012t Ah 3k 3R 1S I BS A I 5| A I 375 e
P (A O I B KU BT, B SR IESE
ML 1S AV F 38 P53 P21 HE DK 223K 35 (1 -t UL 4H
M EE T8 i HLE 45 Klotho K 11223451 5P Bz 4i iy
RS, FTLLL IS 7 CRS H&N Fe v HE I B e AR 2%
20, [T AR A W] BB RCh TR s &\ HE 229 15 K
JRE R P PSR 1T

ARWRMEIE KL 1S TR XT RAW264.7 41 i
FEI EBAEHIER (0 RAW264.7 41 i 751 Dil-ox-
LDL &t X IS =211 e A Bsf () 127 22 B 1E AH G .
ox-LDL J2& i B P HE R A AR TR , 210 2 515
PEREASA BB, W20 A U] 2 A A 5 A e T
&, A TTHHR G AR NI B EL 77 . FLg A
MK R AT REL ox-LDL IR AR, A Bz HE
PRI TR A, A KR T B R TR
P L VAR A 0 0 4 T A2 A0 ) I RE Y SR T S TR EL
PR FE R e A AR e BT 4R 19 fg RN {4
HI CKD B BYILIE 1S & 22 7 B K IEH 1S IiLiE
WA 10wmol/L, B 5E v % WR B 1 K BE XT
ox-LDL Wittty Az B 520 ; CKD 34 1S I T ik
JEE 41 {H B35 100 ~ 200 o mol/L1 | T 4 Yk 45 5 17 i it
/N ,50 ~400wmoliL IS Y 77 7£ 3 7] i & 38 54
RAW?264.7 4l il 1 ox-LDL. 1M H ox-LDL 7 W
B 1S 35217 B[] S T 2 R R B, R IS
T A PR i B S TR I IV 0 o 7 R T A7 0 7™

EH R TE NS WAEATT B ox-LDL Frig i
WA RAW264.7 41 il N B2 fb ERKL/2 B3R
ki, 2Pk U0126 &g PERHWT ERKL/2 2RIk 1K
Ui BT, U0126+1S ZH Y Dil-ox-LDL 7 I i [A]
7% BRI [FAEKF, HEREREIR L ERKL/2 251

FoIR R MEREAT, PIHAHERT, 1S X RAW264.7 41 fifs
W AR % IR 2 11 19375 S 48 5 4 T [R] MAPK
5T Tl AR DV IR R AR A R E SR A
FE 112 AR B SRy 9 S 1D 58 ) 0 F AW, e A% AH
2R R S MAPK [ 557 Sl O 0 SORH S
S AN R B R ) S ERE  ERKL/2 & &% I i
FEPEH 2 — ©, ERKL/2 VI T M5 e £
fir, HA 9% Raf BERR LIS J5 A RV EE , #5455
HZEE AR, IS BT RAW264.7 %] ox-LDL )
WL R] BB 151 & RAW264.7 FmiE: SR A1k
1% B2 iR B 1 1 3 1 R AZ IR CD36 S 2%y, il
MAPK {55 38 i = BE TR B, 161k ERKL/2 1
2T, U0126 A X Er I~ MAPK B9 = , 15
PLFIHG] 1S XF RAW264.7 41 g 7 s S fh AP 25 5 g 2
FI A5 S 1A E A

25 ATk 1S £ 15 Bk MAPK {55 554 538
Bl ERKL/2 25 A 52 P W5 41 i 75 W ox-LDL )
VP IARVE R, FLIZCRNE B 1S e B T v IS e sk ]
FE TG % o Jr LA B A R HE R AR B AR P 1S AT A
—E AR Lk S G Bl Kok RERE AL fE L, A A T
CRS [ RAFT5 -
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