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Research progress of the relationship between liver X receptor and inflammatory-

related diseases
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Abstract: The liver X receptors (LXRs) are members of the nuclear receptor superfamily. The activated LXRs have a variety of
biological functions, for instance they can not only regulate the metabolism of cholesterol, fatty acids and glucose, but also play an
important role in immune inflammatory response. Massive studies have shown that LXRs are involved in the occurrence and progress
of inflammatory-related diseases, and can inhibit the inflammation of some inflammatory-related diseases in the nervous system, the
respiratory system, and the cardiovascular system. In this review, we summarized the recent progress regarding LXRs in inflamma-
tory-related diseases, including the structure, function and anti-inflammatory mechanism of LXRs, in order to provide new methods

for preventing and treating inflammatory-related diseases.
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iMi13, ARG RSN T Y 5HEZ R
PSR —1, LXRs 8 458 A N 3 2 C iy 1 P44
TIREAN [F) ) S5 K SRy 1, 0 ) g T ke i AR 22 42 i )
SIS AL IS DNA &5 &3 K lic R 4 A4k . i
HHE T EEAERS S LXRs 45 & 4 5 DNA
B, WFR N AT X 524K s W g F (liver X receptors
response element, LXRE), 7L LXRs j#id 5 LXRE
ghty, REhEEEREE S P,

LXRs 43 LXRo A1 LXRB # Ff 3 &L, 76 AN [A]
HEZh LXRs [ R IL & 57, LXRo 7E I H R &
Z, {EEWRAI. NEW. . W B S R
ERIE, LXRBMIFE4 G H AL iz %k, LXRs
IEC AR 73 RARECAR AN T LA, RARECAA 3=
T IR [ AR P S T B 2K [ 22(R)- B2 R H
AN Z N < i PR/ N B 5 L W N SR .
T0901317. GW3965. WYE-672, GW3640 2 LXR-
623 % B T RAREARThAREZ AL, 1 A T & B
SRR Ty BAERIER /N, MOEIEH RSz U,

2 LXRsHIFTEHLF

H AT AT LXRs BAR P HT R AL TIA IR T
fift, AH CLZRUESE BPT R ML F ZHE e BHA . 4%
S JE KT AR Sad i 1A 45 g o AR A ) 28 hE R38R
o i LXRs [T R HLHIXT LXRs £E 2 0E A K5
IR TT B X E K
2.1 LXRsjEid &R PEMIPFI#ZEF«B (nuclear
factor-kB, NF-kB), #7EZEH]1 (activator protein-1,
AP-D)MESHFRERMEREFI1 (signal trans-
ducer and activator of transcription 1, STAT1)34%
REFEM

X T J# 1, NF-xB. AP-1 fll STAT1 4 #% 5%
TR % 7 RIS R B OCHAE . 72 E VR
f . LXRs Wi J5 w40 ) 1 B 2 B (lipopolysac-
charide, LPS) /3 ) i 8 ¥R JE R - -a (tumor necrosis
factor-o, TNF-a). 4 )& & Hf -9 (metalloproteinase-9,
MMP-9) J 3 45 & Bl -2 (cyclooxygenase-2, COX-2)
SR RN T3RIA, AL 322l H 6] NF-xB Al
AP-1 [ #5363 1 ™. Ghisletti 25 (B 78 R B H %
JiE {5 5 I, NF-xB 8 i 48 55 7% e 25 2 2A (Coronin
2A, CORO2A) (1) [H 38 ¥ 52 & 4 1% 52 4 3L 40 1] 571
(nuclear co-repressor, NCOR) 5l 4, #5 R A1 IR iR 3%
K2R DUER K T (silencing mediator of retinoic acid
and thyroid hormone receptor, SMRT) fifi . #% 3% 1% 1%
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SR s ERAEVIIURECT, NF-xB 52 % K+
BT A, BCE CORO2A 4 H&E Y & &k
TR S5 EOEY), 8 NF-xB 54k I fil & 58 0 25k I
P, 7 LXRs 5 Ak 45 4 5 Al 4 SUMO (small
ubiquitin-related modifier) £t,, SUMO 1t ] LXRs 5+
£ 3| NF-«B W@V E &6, SHifHEY Er
CORO2A iy, fIHH@EY) &SRR, i
i NF-kB [ 5% 536 1, SR AL Bk o e = BH 4 1
Lee 266 5 % ] SUMO 1L LXRs AIHIH] y- T4 E
AT K B A2 T I 4 B 9 0 IR TR B, L)
NSRBI ] STATT e it U ke W,
S A BHANAE BN JORE G s B 245 L R
2.2 LXRsEHFREK L BIERRERFRIL

LXRs X FLA% 240 i Py 5 D5 308 TR P AN AT R 5%
SKIKFRET, AR SRR KT . sk e K
HEE EEAR : mRNA R ER . BIPREL
J¢ mRNA [ #5535 461 LXR ] #1156 2 A
CD4" R4l /0N B2 5 200 i K B SRIR 40 i 45 41 i
SRR FRE DR 7 U, Gt MR AT B R AT ] e Ay
% -1 (interleukin 1B, IL-1B). /% -18 (interleukin
18, IL-18). 15 3 A — % 1k & & M (inducible nitric
oxide synthase, iNOS). COX2 } MMP-9 2§ % 14t
TRIE"Y, 76 CDA" MREL4EE, BIRANEK-17
(interleukin 17, IL-17) & Th1 4 f B 720 s ", &
WF 72 4 BT 3 F 75 B s 7E LPS i 5 (1) THP-1 W 41
Mo, LXRs &b )anldid Fifeefe 82 A 36 (tristet-
raprolin, TTP) & IA {2 TNF-a. IL-1B 2 H 4 %K -6
(interleukin 6, IL-6) 5§ 7 i Kl - mRNA [£f#, MM
Bk R SOE R 1,
2.3 LXRsi@i A2 RE BRI HIHI R F3RiE

KEW R AR R AE S RAE LR %], LXRs
T A AT AR B S KT Y 4 T JoE AU A % 2k R B 3R
2, T IR R e SR SR ) B B R R, Tto AE:
WAL NS I LXRs Al 5 3 ATP 45 & &4%is
{& A1l (ATP-binding cassette transporter A1, ABCAI)
e A JORE R - 3Rk, LI A #M ] Toll #5244
(Toll-like receptors, TLRs), 1l NF-xB. 2% 5%
X B I (mitogen-activated protein kinase, MAPK)
S5, X AR ABCATL {3k A s fE [ B i
H, RS LA G B S R AN H K,
M ABCA1 1E =% g 22 (high-density lipoprotein,
HDL) A4 s ()2 46 0 Bk ¥ B 2/E A, HDL B 7 nf
i EL LN s TLRs {555 5 17, & Tl 4k
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REHEAE . FTXEAR 5 SOAEA OB Rk 2R BWE 7Tt i

3% [N 3 (activating transcription factor 3, AFT3) ff)
S P U, DTG 0 ) 0 0 Y 6 RE SR . Rong 5
FU 7 I I O A% T P i 7% 72 I 3 (lysophosphatidyl-
choline acyltransferase 3, Lpcat3) /& LXRs [ 40 L [A],
1M Lpcat3 A i g i 4B AN VLR T 197 198 1 6 ol 58 B

B2 AR AT T i 3 R A e, g T sk v A g
7 B A3 10 /I BB FEE PR J5i D 2385 28 0 S o
e, BT RBHAMHLE], LXRs & v] @ i e 12 A5
AR AH S PR 8 R R HTL R R

3 LXRsERAERXERPHER

b8 & Xt LXRs $T 2 ML il 09 0 78, A AT & B0
LXRs 51 2 S 0E A 555 1) & A2 J R e o 72 %5 )
FHIG, VA SN RGEKZIHEREE KGNSS,
. Bl JR IR (Alzheimer’s disease, AD). Il
FREVES . SRR 445 (acute lung injury, ALI).
Bl ik o6 ¥ 1 4k, (atherosclerosis, AS) Az ¥l bR 95 5 T
(diabetic nephropathy, DN) &5 ( % 1), J fi LXRs 7E
T 2 58 i AH S A FEATL A1) ] 2 9 S8 A D50 1
BT IRALET LK
3.1 LXRsS5HEZRG KR

AD & LA 2H 23 B- JE 9 AF 25 [ (amyloid B,
AB) YU e b 48 Jif A A 9 45 T ORI 4 R Gt
BATHERE, AP MPTRS I H 2 RE A BT b
B 73716 0 S R [ B AR B iG A O%,  H AR RIS
Z Al OE/NR TA BR AT EEAH, E—P s 3 RE
i et R 72k BV LXRs 1AL J5 AR i3 /IR
FRANMT AR FIFIE, FEHIH] AB A5 1 4 i S B P,
FEEFA RN A, TO901317 7] JH Bh4EJE K] ABCAL
MBFNEE D E s, RFEHFERR L, W AR JE
JRFE I AB JEBE, 1 LXRs m R /N B A AB T
BRI P f kA AL, LXRs 7EH0#] AD %
JiE S5 B oy v EE LR A

JI0G 0L A7 P S B 52 5 45 45 J R I DX 33 OK B AR
1% V) A i SR I P E 3 B2 193 (cerebral ischemia
reperfusion injury, CI/R) {195 BEARAE, 1% L6 2 ML/ 5
AR I 5 B, B K . K BR ORI R B ik
/4] ZE (middle cerebral artery occlusion, MCAQ) &k Ifil
P o 25 R AR R, GW3965 AT T0901317 4 1] 411 4
NF-kB [ 536, Jks> iNOS. MMP-9 K& COX-2
S5 RORE N FRIE, BRAR/N R ZETH AL 2. Sironi
S AR W] T0901317 4bFE MCAO K5, A
3k MCAO K BRI P B AR KR 73k . 0] &
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E SN BEARAE TR AN, 5 35 SO e i P 45343 5 1
EC A EE KRR S, BG4 JE B s 3 )
BERS, A2 B 5] & r i B

B HEH1% (spinal cord injury, SCI) [ T ZENLIEY
P AR B SR S R Ak, AR I BT
AT 2 240 i SR AR 9 E Rl 1R ST 51 Ak R 12
SR A T ER R BER AL F, Fandel
WU RAE R R SCL 5, LXRP RS W] 248,
TERG FALAAFE /DN R T4, EH KERE
LXRP 1 E WG4 545, (HERIA LXRPB ¥ 2 KRR
20 Mt AN /D SR R AN B AE TR A R b
TO901317 &b 3 AT 4171 ft] 5 Mg 200 JfL 1 /)8 Jse Joft &4 5K 4
BEAIS NF-xB J& 1 el 90 K17« ks i 2
R ALK M, e SCI 5l Rz 3 UfRe
Iz/é [26] .
3.2 LXRs5fiE &R

ALL & DA R 200 i R0 i 16 Pz 248 45347
N BRAREAE ()1 R EEORE, 3ok B 9 90E I RS2 ALL K
JEME B R R AW AT R ORTE LPS i
[P/ B AL #1, LPS &b P 5 o] A i 24 244 LXRa.
LXRP ik FEA%, 104 T0901317 i &b B 5 w] 41 4l
NF-«B & 1, 9 2D 2 Jifa [A) G B 22 1 1 (intercellular
cell adhesion molecule 1, ICAM-1) ik, M i #0 il
2 28 DR B8 IR AR 3E 0 28 I B 47 % -10 (inter-
leukin 10, IL-10) FKIA, J8/D il A R a] 5 78
i KM, FEshlkii s, i LPS S8t
YU PP IR AR R T0901317 A B
W EH A bk B 20 PR R 0 R A L A i SR A,
1l 5 it 21 AE A AR DG [ B A A= K DK 7 B (transforming
growth factor-B1, TGF-B1) ik, i EE RG]
(R0 S e ) 5 48 JB e i SR AR B A
SN ALL 1, LXRs 5465 Al 404 NF-«B
FT INK/p38-MAPK 15 5 il % R FEPL AL L K
P TAER s

WMty A DA SR PR S PR B % WA R AR
(M8 PE SO MR, XK 5 IE RRE . R
T8 YA K SOE R N DA O, R AR R
S B LB A, 5 s RREE 1 B (immuno-
globulin E, IgE). Th2 B! 4f i Kl 7 1 /- & -4 (inter-
leukin 4, IL-4) F14 4% -13 (interleukin 13, IL-13) i
FIARFYIRG . (BN E BB F, T0901317
bR 5 AR PRAS LIS IgE Kk, & rf BR85S <18
T LR FEAH OG 1 o- ~F 3 WLVLEN & E (a-smooth
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F1 X Z AR KIEAR K IR F 49 AF R
Table 1. The researches of the liver X receptors in inflammatory-related diseases
Disease Mechanism of action References
AD | Glial inflammation; | AP levels (022
CI/R | NF-kB; | infarct size; | brain edema; | brain damage; 23,241
{ functional deficits
SCI | Inflammation of macrophage and glial; | NF-«kB; [23. 261
| tissue injury; 1 limb function
ALI | NF-xB; | ICAM1; | inflammation; 1 IL-10; { TGF-B1; (27291
¥ neutrophil recruitment; | JNK/p38-MAPK
Asthma | IgE; | a-SMA; | TGF-B1; | MMP-9 G031
AS I NF-xB; | AP-1; | MMP-9; | macrophage inflammation; [32-341
| endothelial cell damage; | SMC proliferation
MI/R | TLR4; | NF-kB; | myocardial fibrosis; (35,36]
| infarct size; | oxidative stress; | ventricular dysfunction
DN I AP-1; | OPN; | MCP-1; | TGF-B1; | glomerulosclerosis; [37. 381
| renal interstitial fibrosis
RA t The clearance of NCOR and SMRT; | inflammation; 139,401

| Proteoglycan degradation

Atopic dermatitis

| skin thickness and inflammation

t Tegument protein; t Transglutaminase-1;

[41-43]

AD: Alzheimer’s disease; CI/R: cerebral ischemia reperfusion injury; SCI: spinal cord injury; ALI: acute lung injury; AS: atheroscle-

rosis; MI/R: myocardial ischemia reperfusion injury; DN: diabetic nephropathy; RA: rheumatoid arthritis; MCP-1: monocyte che-

motactic protein-1; OPN: osteopontin; NCOR: nuclear co-repressor; SMRT: silencing mediator of retinoic acid and thyroid hormone

receptor. ! :increase; | : decrease.

muscle actin, 0-SMA) & 5518 5 ¥ 41 5< ) TGF-B1
A MMP-9 ik, {E X 28 AE 4H i 5 48 & Th2 AL 4 iy
R 7 3 8 B R B SR Smet 5 B 5T R R
GW3965 52 /) i W8 5 R 24H 1 24 1B Wi 1) LE 3 15 BRI 1
AT Th2 Y20 M R RE T8, 19 =0T 280 S
H LXRs /I B AT {8 Th2 240 fifa R 788 il 2> B
3.3 LXRSE/LMMERR

AS RIRHLEIE A, RNE N H 778 AS K
AR A P ER L I A R AR D R EAS S
7, & AT EOE Nod # 32 f& 3 (NACHT, LRR and
PYD domains-containing protein 3, Nlrp3) % 444, Nlrp3
KRG TP S A S5A )5 TGS Caspase-1,
Caspase-1 {14 J5 o] {8 o v 14 /9 IL-1p 1 IL-18 [T
R0 A 15 1 R X o W B 4E M, I ok
NF-«B % iE 0K I Mo 1A A i 22 1) I [#] i T A
LXRs SUMO 1k, SUMO L] LXRs il i fz 2 FH 410
0] NF-«B B8 i vk B LXRs 34k J5 i a] 4101
NF-kB T ijf MMP-9 31X, i MMP-9 ) id £ 75 i
555 BL4H 9 (smooth muscle cell, SMC) M %E . 3t
A B TR B S B ARG € % UIAH G . Spillmann 5§

B 97 &7~ T0901317 A1 GW3965 AJ 3l i #1148 4k
TORT 28R SN 2 2% TNF-o0 355 10 9 B2 40 52 45
TE M8 N A0, Gao 28 B 5% Sk 7 B 1 LXRs
AL 3 T4 AP-1 8 NF-xB (8] % 35 3% 25 A1 490 461
LPS i SHIAN R 2 -1 P24 B, g2 LFTIR, LXRs A
ACATH ] R4 B 2RE OB, 3 W P R 40 s
P S SMC 3858, Xl AS i 98 5k S N UR B3

O LS I P #E 73 45243 (myocardial ischemia reper-
fusion injury, MI/R) & CoJJLAK I [R] 5 1 = B8 Pk 52
BES RS O VAT M54, TE T RE T R R AR A SO
SR SRAE . S E BRI SORE A TR, AT I L
JULaH I 51 5 B O UL B AR A% . LXRs 75 G LA i
ERIE, A ST B T0901317 v 3@ i
il TLR4 {5 5 ¥ /> 7 #% 82 2 TRAF-6 il MyD88
MFRIE, 0] NF-xB [5G, Mk 28 M
FAEA AL ) FRIE, R  AT 4 Co LA B T
FL WLET 4 4k 3 D8 A 50O IE T B BV He 250 7T
B GW3965 A [ 1K MI/R Ji5 f S804 AR 4K 5 38,
T P 5T IR L JRH 2 7 R i 42 A 5 0 JUL 4T B
T PRI, FFIEN] GW3965 2 il id



t

RIS XK S SOEAH OB % 2 BOWE Tt g

7% LXRa A2 LXRB k% MI/RPY,
3.4 LXRs5HEXERXER

DN & W JR 18 1 JF Rz —, BH&ED
(osteopontin, OPN) A AZ A Hg a4k K+ 1 (monocyte
chemotactic protein-1, MCP-1) FiA# Nkl A& DN
1) B RO ML 2 — . A 55 B AL R 7R T0901317
AL 38 Ik PR R T AP-1 T i N B R A e
OPN £k, Ffuk/> M58 5 o7 5 A2 A ] o3 21 44k,
(BN oL B 7K PTG S BT 7 v R IR S S K R
DN #5250 H1, GW3965 H] J5 /b ' IE A AL BE i, FF 4
1] 5 B /N ER ALK RIS [ J5 £F 4 A AH 2 1) 98 RE IR A
I Yu4k KT TNF-o. MCP-1 #1 TGF-B1 1523k, M
i B Thig B

KA FHT % (theumatoid arthritis, RA) PL4H
ST MG A B BT T O TR NRE, E
TE PG A SO AE AR M MR AR L T 2 A R g A
Jitb (fibroblast-like synoviocytes, FLS) ¥ 3i& % % JiE 4

RE. BRILz4, RA BHEINEHKLTEFEEA
R PEAW 7. 7E RA B3 78 5 41 23 $2 B FLS,
GW3965 4b3 RA-FLS Ji5 vl i 1] LPS % S 4 FH
&4 NCOR FI SMRT #1375 4%, k2> FLS 1 IL-1p.
MMP-9, COX-2 }z MCP-1 & % K T#£ik ®.
T 9 0E R 7 R O I v 5 SO 1SRN B R R
TO901317 &b FH - ¢ 71 8 £ 34 1) 5 719 4 1 4 Jfa mT 1)
il IL-1 A3 8 1 B A

5 IR Bz 48 (atopic dermatitis) & F7 18 1 48 i
PRSI, S 2 20 i B8 B R A 5 4 B 20 A B ] S
FRZ KA TN R B b B D e 52 4. LXRs i RiA T
NSRRI 15 B4 B 0k 0 A7 5% A B, LXRs i& 1k
Jei AT AR AE A R A Ak, 38 0 5 A J5E TR RO G
(40 7 8 RS R BRI -1 (3R0E MY, FE B
PE Rz & /NS 1, TO901317 F1 GW3965 1] J§ %
PRI B ) BB JER A S R, M0 R Tk B
Thig ¥, TO901317 A i 48 A 2k H 5t Fir 83 F) 5z ok
ST RN kA

4 BESRE

T 20 4E3R, BB XN LXRs Y5 480 KON 7T 1
VRN, RILT HaRBHAN 5 YR Rod i
JI o A 1) SRE PR 1 R S PT R AL, FFRfE T
LXRs 3G 05 754 5 24> R 58 9 0E AH OS5 1 1T B
VBT VER . S B AT LXRs HHTF 50 R BAE SL Rl BT
FC, WA IR T NIRRT, HEEE
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BRI R, TR W K TR B R ik
LXRs #3071, A LXRP ERHEHEESN7 . LUk
Bk BBl R s BB . BORIX LG AE 1
STl PR mh R DA AE AR TORE B R AE A, (R
HAGREWE R I EERZ, W 5 4 24 7
AR SCEIE S, BbAh, Dy G AT LXRa &1
1A 7 A P A v i ILAE, #F LXRs 3l 71 5 10
A A6 107 5 P 29 P T SO AR SR B IR IR T 5
AARER. BEFE LXRs ££ JOMEAH RPN T TTHITRAN
Je SLAISS 2GR A, LXRs BABh7 4 B 2 4 %
1 B T AN SEBIR HIRTT -

SE
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