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Effect of serum from patients with chronic renal insufficiency and indoxyl sulfate on

lipid accumulation in macrophages in vitro
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Abstract: Objective To investigate the pathologies of aortic root atherosclerotic lesion in uremic apoE-/- mice and explore the
effect of serum from patients with chronic renal insufficiency (CRI) and the uremic toxin, indoxyl sulfate (IS), on the
expression of cholesterol transporting receptors and lipid accumulation in macrophages in vitro. Methods The uremic apoE-/-
mouse model was established by surgical operation. Frozen sections of the aortic root were collected from uremic apoE-/- mice,
sham-operated apoE-/- mice and C57BL/6] mice and stained with oil red O to calculate the relative area of atherosclerotic
plaque. Murine macrophage RAW264.7 cell line was treated for 12 h with different concentrations of IS or serum samples from
CRI patients and healthy individuals, and the mRNA expressions of cholesterol transporting receptors (SR-A1, CD36, ABCA1,
ABCGI1 and SR-B1) were detected. After treatment for 24 h, the cells were induced into foam cells to determine lipid contents
using oil red O staining. Results The relative area of the atherosclerotic plaques in the aortic root increased significantly in
uremic apoE-/- mice compared with that in sham-operated apoE-/- mice. CRI serum (5% ) and IS (250 umol/L) obviously
increased the mRNA expression of CD36 and lipid accumulation in the macrophages, but did not affect the mRNA expression
of other cholesterol transporting receptors. Conclusion CRI can accelerate the progression of atherosclerosis through the
mechanism that IS in CRI serum promotes lipid accumulation in macrophages by enhancing the mRNA expression of CD36,
which contributes to the formation of foam cells.

Key words: chronic renal insufficiency; atherosclerosis; indoxyl sulfate; macrophages; CD36; foam cells

AT AR IS PR I REA 42 (CRD B H 1Y

i B #3:2014-12-02 MG KU 12 T — B A, T 3 O B
ESTA [H5 ARRIFIES (81200541) ; Hh Je m A AR 45 25 L35 FET 58— AR 10~204%Y CRIBEHIN T
%$42(x]j2012065) , R .. \
S . . . o NRFSES) SRR L (AS) R, A R
upported by the National Natural Science Foundation of China X . VAR . . )

(61200541). i BRI, ST AP Lo S 40% . 55

(BB NABIEVES i1 e, 11, B L EE I, 113 : 029-85323952, B D e IEH AR 12 B IERS (CKD) B9 A 1~Af 3
E-mail: shenyan66@126.com AS A= A T, BEBR AR R B, YR



- 632 - J South Med Univ, 2015, 35(5): 631-638

http://www.j-smu.com

B ALR CRIEFH Y B ZRHIE, AT REJE 18 L AS JIndE &
JEAIEN AU EA SR . RSBl LAY
A IEPRFFAE B I APABEER AL, (HIFR I S AR AS AH
KPR R AR . BRERNS IR (1S) 2 — A RE AL 15
Prg PRI AR AL A TERFETER BRI ORI
S RAE AN SIS SRR I A B ARIPF-3i LA
LA T A BT RE & FE B AS VR (R T A
fi A IRy ERIR R AT ) B IRA T
SR P ¥ JoAaE o AT THE 37 JRF5AE apoE-/-/ )l
T WS PRTEAT apoE-/-/NR EBIBKARIE AS AL . [T
WK CRIGEA ML ANIS XAS N IR Eg MR T iz
OS2 PRI SRR TS R AR , R R BEAEE
ASIRTREARALHI Z—

1 MR 5 H*
1.1 A

A AR I F AN DU A ) TR PR
) S RS AL .OX-LDL 2B k3 Ll O3
F IRARZE NI F Sigma 2yl ; Trizol 8 71t
& S92 1 PCR R I & (DyNAmo™ SYBR
Green gPCR Kits) ¥4 Takara A &), [iEZ 45 Y7
AR A8 A BRA 7] 932 TR L AT H Fh VG 42383 K
PR EBEHLAE O AE ; Nikon 23 7 40 BEARHL, H A
Olympus 2 A& B A= 1) s (2E14121) , iR T 52
BHAA BRI A EE ST 7248 (HMIAS2000) , 56
[ BioRad 2\ 7] 1Q5 52} 52 5 PCR Y, Bio Rad /A Fl#ZHA
AN, B E LEICA A RMEARFE UL R AL Hh VG 423838
T IR S I R U F i S = 4
Hitachi 7060 4= [ 2l A5 Ak 3BT A3 h 7 22 38 38 K2 s 2
Be st — M e = Bk s R A . /N BRI RAW264.7
EWEZuiRe B Rk i By ,C57B L/
6J AL TY 1Y apoE-/-Fi L (B6.129P2- ApoE™ ™) Iy [
Hh gt KA S s L IS 0, CBTBL /60 /N,
FH VY22 330 R B 2B S sy o B 2, S5 T B
S i B iR b 1 N S Rt o M o) L L NN = e
ARG 4 SRR, R AARETRRE : 5%05 1 . 18.9% %K 11
J 72 3%k AE A . 1.01%%5 ,0.65%1 .
1.2 Fik
1.2.1 FAs apoE-/-> R D B A 04 3 5% F B kAR
BRAS g T A 8 SR HEN: apoE-/-/NRBEN LA UK
SELH SAR T ARG, C57BL/BIHEIE /N A X IR, 2
11 Gagnon At 7 122 2% W A5 SR AR 3 ST R B E
apoE-/-/NEBHIE 412 em ARSI O, iR A,
BT BT 1B 2 mm SEAEA ST, rsese A B R o A T4
ARG PRAE B G i3 5 1 5 2 J81 ) B 10 JR] st 3
T AEMRE ) 10 B ER A B AR RSB A4S R A I

BRZEYE o I ARLAUMON B B st 5 (8 Fili R is 4
10 RIS BB A2 )™ 05 2 THAERE, IrE #
YETE 10%7K 5 @RI I N RRIE T i1 7. 1805 10 4]
PR 3 4iE apoE-/-/)NFR AL B F- K apoE-/-/N fR A X) R
C57BL/6I /N 4 H R AR A 'S D Rede b
(PR ZE A ULEF) | 1A CRE R L H I =8 ) i
(Hitachi7060 4= F gl Ak st ki) , AR B Dla k]
Wrig 2 A . [RIRAR BN IKAR AR 2V TR i
VKIFFESEY) B IZT O e, DL AS BEBR 5 Bh kA s i A
E%Eﬂéﬂﬁﬁj\ H(Ssnd/S ﬁ%)ﬂé{ﬁ%\% AS %/E*EXd‘j(/J\mo
1.2.2 CRI %% Bt 1B dn ik oy R E % Fed) CRIEF M
11 (L0912 [ V5 22 S R 2 B2 e 25— o g 1= e 1
BHE B 8 . I ULEF >445 pmol/L, B /N ER 8 i K
(eGFR)<30 ml/min-1.73 m*(CKD4 1}z 534 , HEBR &
PR el o {a R HR LY (10 51)) R [ VG 28 A8l K2
24 e 2 — B ZE B (ARG oL - i ULEF<75 wmol/L, HERR
DA . AFFEAT MR RS F RN, frf
CRIEF FIMa R IS 2 P A [ & IR 2 353E
KA 2EBE o — MR R Be R P S S it PRI
FEAEIRITE 70 2 LA s HEBR I I MR s T ARSM
SO 2R RO A W R iR e A i 5
TRIT S HEBR B IHE IO IR R (5% b B &
GREBR R TR . PRALEERYAEIS MRS i Ag
(TG Je LDL) T&4tit2¢2: 57 . 41 iliR G 1045 CRI 4%
LY B 10 511565 JEE IR , BC i LA W B 432 1 1 e
AN - DX AL « B 375+ 1000 %) BRI & (CRI LT
LRI 0%, DL 0%/ ) ; @B%IMIE 2 - B 7 5E+5%% 1]
IM3E+5%CRI L& (CRIMIE AR 5%, LA 5%#R ) ;3
10% IfIL 35 40 « 55 35 5+ 10% CRI L7 (CRI Il ¥ 2 1k i
10%, L) 10%F7R )

1.2.3 FRER IR Bk A Bk BT T4 ISALSh S )
fift, 2 AR IIE A ARAE, T 1S Ry 855 19 M| Wik 1y 4 &5
FrHERR KBS, AR 25 T A TR 3 i 1 KCLL A+
oA LR ER T P — 2, R E S AR . g T
E Wi an F : Oz (4L 55575 OR 5 KIS, iz 411
Con /) ; @t IR « 1557 5E+500 pmol/L KCI(K 2k
J8 500 pmol/L, 1S 9k % 0%, %20 LA 0 pmol/L 7 ) 5
v P 2 - 15 57 564250 pmol/L KC1+250 pmol/L IS
(K283 500 pmol/L, IS 443k Ji 250 pmol/L, %41 LA
250 pmol/L F/R ) ; @k BEAH - K7 F73+500 pmol/L 1S
(K29 i 500 pmol/L, IS 43 i 500 pmol/L, %41 L)
500 pmol/L 7).,

1.2.4 FHFEH RN A IO e NEUREN
MIEEL 1S T RAW264.7 E VA1 24 h, IEE B A1
W2 LR AL S 4R T 6 FLARH , A TE 1LY DMEM
iR 18 h( B ) 5 , B LBt Y TC 1% DMEM



http://www.j-smu.com

J South Med Univ, 2015, 35(5): 631-638 - 633 -

K773 2 ml, Jin A ox-LDL fifi & FLLH & >4 50 mg/ml,
TR0 T I 240 B 35 A G R 48 h S AT
groguta, Juafs r B fdiss T Wgs 0, 4l
B LI 1 B2 B T B s, B AL R I 3 Ab AR
5 TR T

1.2.5 Zmf ¥ mRNA IR Z AL 2 B 4412 %4k RT-PCR #&
n - MAEEIS T 12 hE RSB RELIAE A 0.5 ml Trizol
B e 240, 2 7 S NBEHEIHZ RNA, S
% ,DEPC /KU U RNAFEA B oK I 3%
1: 10 R E TR 55 T I RNAMREE , %
WEFT 42 BUAS mRNA 75 260 nm 1280 nm WOG{H 2
(Aol Aso) 7F 1.8-2.0 Z [1] . R HR Y RNA 3 7 5% - 42
Takara 4 sl £ 10 p iR R A S EERiE i
SRRV . RT-PCR: E#: GAPDH £ N N 2, R 4ig
GAPDH.CD36.SRA1.ABCA1.ABCG1.SRB1 5:[H ¥
SIS 9. 51440 . GAPDH: Forward 5-CTTTG-
GCATTGTGGAAGGGCTC-3, Reverse 5-GCAGGGA
TGATGTTCTGGGCAG-3; CD36: Forward 5-GACAT-
GATTAATGGCACAGACGC-3, Reverse 5-TTTCAG
ATCCGAACACAGCGTAG-3; SRAL: Forward 5-GC
TTTCTCCTTCTGCCTTTATCC-3, Reverse 5-GACA
CCGAGAGCCATCTTTATCATT-3; ABCAL: Forward
5-GAACCGCTTCGTCTCTCCGCTC-3, Reverse 5-C
CCGCCTCACATCCTCATCCTC-3; ABCG1: Forward
5-AAGGGGGTCGCTCCATCATTT-3, Reverse 5-GG
TTGTGGTAGGTTGGGCAGTT-3; SRB1: Forward 5-
GATCCCTATCCCCTTCTATCTCTCC-3, Reverse 5-C

60 40 1
- 301
g 40 =
= o
o
IS
g £ 207
W 5
20 1
O m
I 101 =1
- 0~
Control Sham Uremia Control

1 MRABFARSREAEapoE-/~NRIAS . M#EH LB
Tab.1 Comparison of serum lipids and glucose parameters in
control, sham-operated and uremic apoE-/- mice (Mean * SD,
mmol/L, n=4)

Group TC TG Glucose

Control 1.88+0.33 0.46+0.19 5.40+0.60
Sham 11.83+0.77* 0.86+0.07* 5.19+0.51
Uremia 14.55+1.02** 1.10+0.04** 5.54+0.47

TC: Total cholesterol, TG: Triglyeride. *P<0.05 s control group, “P<
0.05 vs sham-operated apoE-/- mice.
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Fig.1 Comparison of renal functional
parameters in control, sham-operated and
uremic apoE-/- mice. **P<0.01 vs control
group, “P<0.01 vs sham-operated apoE-/-
mice; =4 in each group.
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Fig2 Comparison of relative area of
atherosclerotic lesions from aortic root in
control, sham-operated and uremic apoE-/-
mice. A: Red oil O staining (Original
magnification, x100). a, b, ¢: Proximal, median,
and distal segments of the aortic root. B:
Comparison of relative area of AS lesion. n=4 in
each group. **P<0.01 vs control group, “P<0.01
vs sham-operated apoE-/- mice.
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Fig.6 Effect of indoxyl sulfate on mRNA

expression of cholesterol transporting receptors

in the macrophages. C: Blank control group, *P<
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group. n=4~8 in each group.
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