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TGRS induces IL-13, TNF-« and IL-6 mRNA transcription by p38 MAPK pathway

in mouse macrophages
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[ Abstract | Objective  To determine the effect of plasma membrane-bound G protein-coupled receptor
for bile acids (TGRS) activation by oleanolic acid (OA) on the expression of interleukin-18 (IL-18), tumor
necrosis factor-oo ( TNF-o) and interleukin-6 (IL-6 ) in mouse macrophages. Methods  Real-time PCR was
used to detect the expression of IL-18, TNF-a and IL-6 at mRNA level after rat macrophage RAW264. 7 cells
and Kuffer cells were incubated with OA in different time periods. And the expression of these inflammatory
factors were further analyzed by the same method when RAW264. 7 cells were stimulated by inhibitors of 3
different signal pathway plus OA. The phosphorylation level of p38 MAPK was measured by Western blotting.
Results  Treatment of RAW264.7 cells with OA resulted in a robust increase in IL-18, IL-6 and TNF-a
transcripts at 6, 12 and 24 h compared with untreated control cells. Similarly, an up-regulation of IL-18, IL-6
and TNF-a expression was also observed in isolated Kupffer cells at 3 and 6 h. Pre-treatment of RAW 264.7
cells with a p38 MAPK inhibitor SB203580 markedly reduced the OA-induced increase of IL-18 and TNF-«
transcription, but not for PKA or NF-kB inhibitors. p38 phosphorylation was increased by OA treatment in both
RAW 264.7 cells and Kupffer cells. Conclusion TGRS activation induces IL-18, IL-6 and TNF-a expres-
sion through p38 MAPK activation, indicating that TGRS possesses pro-inflammatory properties when without

any other stimulus.
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JA 20 pmol/L OA , FIZHMIALIEF 24 h, Q58 B il 7l
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H 24 b
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Mo SPBSRORTRANILL 1 x 10° (B BE B R T 6 FLAR Y, B 95
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A LM PSR R Y AACE . AACE = (Ct H Y 5E
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ELUESE TGRS 1G AL )5 AT LATEAR P AN ] LPS 75 5
AL T2k . ASHFSEF W] TGRS % OA 3%
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(s HoAa AR E

TGRS &4k )5, WG Gs-FE 11, #F 17 7 &5 40 i Y
cAMP [V, & T U Y PKA R F 3B, AT 410 46
LPS i S 94 Al 7 1 #23k , iX — TGRS R i 5 1%
SO PAESL" . T NF-xB WA INRITE LPS i
I JE N TR 4 T A SR
R, AT Je#81T PKA FI NF-kB 285255 1 R45E K
T4 . PKA F1 NF-kB 33 5 410 1) 70 /S RE BH 1F

TGRS %f L-1B . IL-6 F1 TNF-o F3k 4 b 8 4E FH, W
PKA FI NF-kB X 55 {5 5@ 2 A2 5 TGRS i3 1Y
RAEH T 105 5% T4 /R TGRS 175 11 L-18 . 1L-6
1 TNF-o 5655 , 5 TGRS il LPS i 5 9 it [ 7 3 3k
({5 5 A BT AS ]

MAPK J&A S 4l LA M 55 | e 4 M A% B 0 1 A
HENGES ARG, S EAEHA Y P A7E 4
MAPK f% 51, Bl ERK . JNK/SAPK .p38 Fil ERK5/BMKI1
55 MAPK MV , Horp p38 MAPK 5 #3252 X0 4% 14 4 Jifd
DR~ 2 PSR %) 240 B I 81 5 R AT 5 S, KOS
FEWIBEIT p38 ZRIKREIR R SR R D L FRATAY 52
I A UE S, p38 1R S PE B 500 JLF- 58 a4l il T
TGRS #5531 L-1B . IL-6 Fl TNF-a 1323k, #2718 p38 &
5 %N Y F B . 17T LA OA 376 RAW264. 7
IR 75 20 I 1 TGRS , A ARG 2] p38 (B IR 1k /K
S T LEE 1 ) ) B N 204 B B T R, d i B TGRS
ARS8 55 AT LG p38 MAPK B {5 515 T ik 42,
WFFE I, p38 MAPK B I , wI G 1% st s I
(transcription factor, ATF) %Z ji%. CREB £ ¥ 5
T AR L-1B L IL-6 1 TNF-ou (1435 B I it i 42
X 3 P 0 5 A Sk e B SR R A T
FATHEM , TGRS FE4LJ5 , oT LA i #4095 p38 MAPK, iF
TG T R A Bl S S 7 R i 45 & F L-
1B . IL-6 1 TNF-o fiY 5 A b Ji i 45 X 3k, AT 7555 17
X3 FRAEH T L

G 2 PRI SZ AT T 4 A P i A A R A DL
HAbZ &, Han B, HEB ZE 3Z 14 (B, adrenergic recep-
tor, 3,AR) . £ LPS fEAEMIAM T, B, AR AT DL o 17
il NF-kB {35 M i 400 il 28 5 R 7 2635 . SRTMT, B, AR
AR B BT AT B A0 N 9 PR 1 85K A
It MAPK {55 53 J& SC 8L, 11 A KI5 NF-«B i
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1 ZORIFANNE . A B FEHRGE IR AT LA 5 T i) 2R
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WM G 52K, TGRS A REAF T HER 55 1Y
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JIEFF, TGRS f BLARA: BRAE T 4 7 — 2D WP

L8 LT, ARWEFEUESE T AR JCAL AT H3#F , TGRS
R RAER 5 L-1B  1L-6 Fl TNF-o /925 i, Z AL
AT TGRS Ji #Y p38 MAPK i %A 3¢, TGRS 47
AIREST 3 T IHERIE S 1 RAE N T L-18 . IL-6 1l TNF-o
8 A B, MTIT S5 IR B A S

SE k-

[1] Kawamata Y, Fujii R, Hosoya M, et al. A G protein-coupled receptor
responsive to bile acids [ J]. J Biol Chem, 2003, 278 (11): 9435 —
9440.

[2] Keitel V, Reinehr R, Gatsios P, et al. The G-protein coupled bile salt
receptor TGRS is expressed in liver sinusoidal endothelial cells [ J].
Hepatology, 2007, 45(3) : 695 —704.

[3] Vassileva G, Golovko A, Markowitz L, et al. Targeted deletion of Gp-
barl protects mice from cholesterol gallstone formation [ J]. Biochem
I, 2006, 398(3) : 423 -430.

[4] Watanabe M, Houten S M, Mataki C, et al. Bile acids induce energy
expenditure by promoting intracellular thyroid hormone activation [ J].
Nature,, 2006, 439(7075) : 484 —489.

[5] Thomas C, Gioiello A, Noriega L, et al. TGR5-mediated bile acid
sensing controls glucose homeostasis [ J]. Cell Metab, 2009, 10(3) .
167 - 1717.

[6] Maruyama T, Tanaka K, Suzuki J, et al. Targeted disruption of G pro-
tein-coupled bile acid receptor 1 ( Gpbarl/M-Bar) in mice [J]. J En-
docrinol, 2006, 191(1) . 197 —205.

[7] Keitel V, Donner M, Winandy S, et al. Expression and function of the
bile acid receptor TGRS in Kupffer cells [ J].
Commun, 2008, 372(1): 78 —84.

[8] Wang Y D, Chen W D, Yu D, et al. The G-protein-coupled bile acid

Biochem Biophys Res

receptor, Gpbarl (TGR5), negatively regulates hepatic inflammatory
response through antagonizing nuclear factor kappa light-chain enhancer
of activated B cells ( NF-kappaB) in mice[ J]. Hepatology, 2011, 54
(4): 1421 - 1432.

[9] Fail P A, Anderson S A. Monitoring endocrine function in males: u-
sing intra-atrial cannulas to monitor plasma hormonal dynamics in toxi-
cology experiments[ M ]//Costa L. G, Hodgson E, Lawrence D A, et
al. Current Protocls Toxicology. New York: John Wiley & Sons,
2002, Chapter 16 Unitl6.5.

[10] Hall AJ, Vos H L, Bertina R M. Lipopolysaccharide induction of tis-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

sue factor in THP-1 cells involves Jun protein phosphorylation and nu-
clear factor kappaB nuclear translocation[ J]. J Biol Chem, 1999,
274(1) . 376 -383.
Baldwin A S Jr. The NF-kappa B and I kappa B proteins: new dis-
coveries and insights[ J]. Annu Rev Immunol, 1996, 14:. 649 -
683.
W, 401 NF-«B 7E/ RUS SR ™ R A AR TR BT [T ).
=R KRR, 2005, 27(2) - 164 - 166.
Chen SR, Xu X Z, Wang Y H, et al. Icariin derivative inhibits in-
flammation through suppression of p38 mitogen-activated protein ki-
nase and nuclear factor-kappaB pathways [ J]. Biol Pharm Bull,
2010, 33(8): 1307 - 1313.
ST, DO, TEH, 45\ IKHH 38045 3R il i p38MAPK i 4
il LPS #5519 RAW264. 7 AL TL-18 &3k [J]. A [ 25 727 0
1k, 2011, 27(7) : 971 -975.
Deak M, Clifton A D, Lucocq L M, et al. Mitogen- and stress-activa-
ted protein kinase-1 ( MSKI ) is directly activated by MAPK and
SAPK2/p38, and may mediate activation of CREB [J]. EMBO J,
1998, 17(15) ; 4426 —4441.
Morton S, Davis R J, Cohen P. Signalling pathways involved in mul-
tisite phosphorylation of the transcription factor ATF-2 [ J]. FEBS
Lett, 2004, 572(1/3) : 177 - 183.
Sano M, Fukuda K, Sato T, et al. ERK and p38 MAPK, but not NF-
kappaB, are critically involved in reactive oxygen species-mediated
induction of IL-6 by angiotensin II in cardiac fibroblasts [ J]. Cire
Res, 2001, 89(8) : 661 —669.
Altmayr F, Jusek G, Holzmann B. The neuropeptide calcitonin gene-
related peptide causes repression of tumor necrosis factor-alpha tran-
scription and suppression of ATF-2 promoter recruitment in Toll-like
receptor-stimulated dendritic cells [ J]. J Biol Chem, 2010, 285
(6): 3525 -3531.
Hershko D D, Robb B W, Luo G J, et al. Sodium arsenite downregu-
lates transcriptional activity of AP-1 and CRE binding proteins in IL-1
beta-treated Caco-2 cells by increasing the expression of the transcrip-
tional repressor CREMalpha [ J]. J Cell Biochem, 2003, 90 (3):
627 - 640.
Tan K S, Nackley A G, Satterfield K, et al. Beta2 adrenergic recep-
tor activation stimulates pro-inflammatory cytokine production in mac-
rophages via PKA- and NF-kappaB-independent mechanisms [ J].
Cell Signal, 2007, 19(2) : 251 -260.
Miyake ] H, Wang S L, Davis R A. Bile acid induction of cytokine
expression by macrophages correlates with repression of hepatic cho-
lesterol 7alpha-hydroxylase [ J]. J Biol Chem, 2000, 275 (29):
21805 —21808.

(U5 .2011-11-13 ;48[ :2011-12-19)

(3 EHt)



