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Liver X receptor agonists directly up-regulate NgBR expression in hepatocytes
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Abstract: Nogo-B receptor(NgBR) involves in the development of hepatic steatosis and insulin resist-
ance. However, it is unclear whether liver X receptor (LXR) agonists can regulate NgBR expression
in the liver. In this study, the effects of synthetic LXR agonists(T0901317 and GW3965) on NgBR
expression in hepatic cell lines were analyzed. The normal and mutant NgBR promoters were con-
structed, and the effects of LXR agonists on promoter activity were detected by a dual luciferase re-
porter assay. Then, LXRa or LXRB knockout HepG2 cell lines were established according to the
CRISPR-CAS9 method, and changes in expression of the relevant genes were determined by Western
Blot. Finally, T0901317 was injected intraperitoneally into ApoE /" mice to analyze the changes of
NgBR expression in the liver of mice. The results revealed that LXR agonists were able to promote
the expression of NgBR protein by activating LXR, which occurred in an LXRE-dependent manner,
and LXR expression played an important role. In vivo experiments demonstrated that LXR agonist
T0901317 up-regulated NgBR protein expression in the liver. The results suggest that NgBR is a tar-
get protein of LXR, and LXR promotes its transcription and translation by binding to the LXRE se-
quence in the promoter region of NgBR.

Key words: liver X receptor(LXR); Nogo-B receptor(NgBR); LXR agonist; liver

Wi B #:2022-01-12; 48 [E B #1 : 2022-03-21
E&WE: ERARRFREESTRIIH (31770863)
EE BN BBER (1996—) 20, ZRAA BN A5 HE Tl K244
oG] (1985—) , 55 Tl bR A, i, A R Dl K 2F R 82, - A= S0 L 3 {5 /E 4 » E-mail: chenyaunli@hfut. edu. cn.



% 6

R, 5 0 X 2R3 A A B8E T 40 18 NgBR 69 &1k 785

0 3

T X 324k (liver X receptor, LXR) J2 Bt {4 i
TE IS SRR F R A Z — A LXRa(F 2
TERG DT IR SEACHE B pY 21 21 rh 236 A1 LXRB
(G B Wi P e 1) 2 ol U B I 70 T RE 9%
SRR X 2K (retinoid X receptor, RXR)
B R G H L R A A . LXR R
PP T4 SR A 1 ), B 2535 ik JIR [ i
27 FEMREEEAE . LXR AR A A 4 A piy IR e
TN 7 AT B A B (FDFTDY) K 140 £ H
FALBE(CYPSTAD 226 (g ) 2k . AR H
ME KA . e Ah, LXR B RERG I ATP-254 &
#9252 1 Al (ATP-binding cassettetransporter
Al. ABCAD™ I ATP 454 @i E B Gl
( ATP-binding  cassette  transporter Gl1,
ABCG D™ RIA » DA 50 MR [ Pt 3 ool 2>
I L P E T P . ez, LXR 7 I [ A d% i
BIVTIR A A1 2R 15 515 S v R 45 2 AR
FHo %F LXR 7 H [ AR A iz o 72 v i A1
WA T & 22 LXR AMNE/NF i sh3],
T0901317(faj#% T317) Fil GW3965., M sE F T
HIT O M AP . R LXR 80 71 ik ™ 5
B4 A 7 P R0 vy el = T IRE S5 R P PRt AR
YT R R GRS
Nogo-B(Neurite outgrowth inhibitor-B) J&
Wk 8 1 (Reticulon, RTN) % % m it 2 —7,
2006 4F, SCHRL 10 14 B —Fh Z it AR R AE /Y No-
go-B 3% {& (Nogo-B receptor, NgBR), tj A 2%
NUST [ 4%, 5 Nogo-B H 2 B R ¥ 4 5+ 1
4. WHER W] NgBR 1E 5 Nogo B #3214
5 Nogo-B 7EMA £ R & B LAY
JBNJERGE A 2 T Il 5 43 3 A s R A
NgBR [k if 2 S M -PTase (—Fi = 5 &
J5 22 R T 1 6 ) 3 1 R AR N 2 B OS2 AT
o7 | R 22 il T 14 22 1) S W R AR 1 BT N 3 A Kk O
FEAIK . NgBR 7E 38 0E & A & e b i 7R %
PR A A T 22 o0 B A BN < A L R
IR NgBR 2 5 2 b pz-[8] 51 % 1k Cepitheli-
al-mesenchymal transition, EMT) ) ] i 4 , iX &2
S 5B N E LG 2~ iR
DIREAE A BY T 1 f# NegBR 7845 g0k H 1)
LR FLAFENR W e RS R RS
WA JLRR LRI B0 ok s e B PR A e SR
o Z0R A5 AR /N 40 i R L /N LR A e 4 AR

|12

A o

AR Z i A BF 7 2 W, NgBR R 21
JL R BB K P B35 A [RS8 AR R G
(103 [N Rk o 3 i » NgBR TP A4 572 1 i Bk 1) /1
SR PP PAIE B B A 2 1 A B g o R 2R B o 5 1
JUl3 A RS S 4 s PR 25 A TR A A P A8 R i
segl FRR LR ER S LXR AL R, SCHEk[16]
i€ T NeBR BRAEW N LXRa 25442 ; SCHR
L17 DR BL AT R 25 W BE S T NeBR 19 3%k,
PE ] LXRa £ 401 TG A (7] A 30 ] i
P LXR P e 1A AR B 1 2 2 ] NgBR
FORBIIGNIN LXRo BARZ RIS . SR1 Ng-
BR fRBIEIFA TR . A SOHE— 20t
70 LXR i 15 NegBR 2% 1K 22 [a] #7878 i 42
KF,

1 S RAR

L1 AR

DMEM & bl B 3% % (Corning  Subsidiary) ,
T2 : 270170085 J BRI FR %% Y iR 5] ( Yeason) ,
145 : 40802ES02; NgBR #1 5 & T /& ( Abcam) ,
%5 : ab168351; LXRa £ i [ HiL /& ( Protein-
tech) , 585 : 14351-1-AP; LXRB £ 544k (Pro-
teintech) , 525 : 14278-1-AP; GAPDH £ 75 [ H1
i (Santa Cruz), 88 5. sc-47727; i ¥ 55 7] &
(P ot 4E Vi B8 AR RO BR A R, 4745 R123-
01;AceQ gPCR SYBR Green Master Mix (i M
) BT QLLL-02 5 AU 3R Pl 41 4 3 PR A 3k
7% (Promega) , 5% 5: £2920; T0901317 (fj #K
T317) %1 GW3965(Cayman Chemical) ; AT 28
M HepG2(ACTT) ; C57BL/6 /N AT ApoE™"~ /)
BT R AL 2 R AR MR ECA BR A |)D L A2 771 7]
HE5 : SCXX(77)2019-0008,,
L2 R

ApoE ™" /INE (2 8 J i i ik B B B AL 53
2 5 H/HD MR F ORI OV B4 805 A
T317 A (5 mg/ke) - FFLEIEST 10 d. AbHE
G5HE PN T AR BT . VIR BRI AR B AR
B B BE, — 80 C TR A, H T Western Blot
I3
1.3 /MNERBE B R AKX BT 40 Al o 42 BRFN 20 A 15 5%

/N 7K G ST R I, 22 i FLIE RS » 1) 1
JokHh A AR Ik B B T AR R KR T — TR
g5 EAF KRR B OEA L mL JFER 5T
DK [ B 22 18 3 133 MR 1 (5% EGTA) Al



786 ATET K 5 FARCH AR

%47 %

30 mLJE I 2 CE B o 5 50 2 /N BRUH
JIFE 05 X R 52 52 T 3 85 5 Jo 24 L, 3% 5 T
FHAE Tk L 5 min, 37 BIE G UIER B 25
L NES L (4 °CL50g B0 2 min) , EEE B3 I’
IR AT TE R 2= TALAR N, M5 5% 6 h 5%
FR AU BE (R FE A o /)N R AT 240 B R 9 24
fs & (HepG2) FI A 1020 Ji4F 3% (FBS) Rl 174
XUt ik 55 2 A 85 2D ) DMEM 1 57 3L 55 5%
AL F1) 80 Y6 ~90 Yot . 7E TG I 75 Ky 37 3 v i 24
JBZIN
1.4 HepG2 48R LXRa 2 LXRp BYE E &k

A S FI ] CRISPR-Cas9 5 A 7E HepG2
YA R BR LXRa/LXRB, 5|5 RNA J& H 7E 4k
CRISPR % it # 14 Chttp://tools. genome-engi-
neering. org) Wit . LXRa Fl LXRB #9591+ 5143
K. 57-TCGGCTTCGCAAATGCCGTC-3” F157-
ACCCCGGCAGGCATAGCGCC-3’, 519146 G
23 IR KB BOBUEE 2R J5 3% #54 A LentiCRISPR
(pXPR 001, Addgene plasmid ID; 51761) # {4,
HepG2 4 Jfd H % Y e St FE R Cas9 2844 5k
pXPR 001 =5 4K, %% 4L 240 ffd in A puromycin
(3 pg/mL) i ¥, 0 3 #0585, 41 i &=
96 LAk, Pk Ep i, i Western Blot jIE5E H
MBI FRB R . # 6tz LXRa 1 LXRB 35
HI20 M 43 91 & L CRISPR-LXRe 1 CRISPR-
LXRB 41 ff. T AH N % BE4h i ) e ok
CRISPR-Ctrl 4fl g, 24 T i — 2P 5 ik LXRo/
LXRB % NgBR #9 & # /£ F . i 34 Western Blot
A 000 5 PR e o 200 L R o) B2 40 i NgBR [y 3%
KA
1.5 NgBR B3 FHHEENE 3 FiFd R

AJE NgBR J3 )1 (—2 000~ 4346 bp) Y
DNA JELAM HepG2 ZHHf 73 25 FE R 2H DNA Shyfs
M 38 1o 3 A 4% 2 S 7 (polymerase chain reac-
tion, PCROAE LA 514, 5I9F5 I F < 1E 1\ K
5’-GGCTCACGCCTGTAATCCCAGC-37; I [1] My
57-GGCGCGGCGACAGCGCCGCCAG-3’ ., #RIG ¥
DNA %43 pGLA. 10 JFukr o s i s i % NgBR
Ja s+, b pNgBR, HA LXRE #4115 30
Tk pNgBR il F1 2 A A A< B2 X880 1) 5
Fy 51t PCR 7 F B R SE . AT
AR B2 pNgBR i3 8l 3 $ . i AR BT ik
IR e e i ) K 45 Pl 2 9 pNgBR )5 3 1 1Y
DNA Flifg 5 962 B3k Bk (pGLA. 7) e e 3]
HepG2 #iffirfr, 24 imab 3 20 h J5, FAEO0

3R it i A5 e R ARG DN 3] 5 ARG I 20 D' 2R AR
BRI .
1.6 RNA B LH % EEE PCR

A RNA $& I, 0] 4 575 55 5 1 09 L AR o
A RNA 2GR (6 LRI 400 p1) i
5 min, ARSI i 2 R FTFLAR 20 B -4 2 B e
B2 LS mL EO08E . A 80 pl =& H k.
RHIRE] T 4 CELHLH 12 000 r/min B0
10 min, K TSRS R0 B DB IR INA G
)5 N R R S) . — 20 “Cad kel —80 C
HE 3 ho WCH B0 WS IR Bl S 7500 F1
100 0 LB WU B T 5 T 20 min, Jin
A 20 pL ddH, O JUHREE B 1 g RNA ##17 /%
S35 cDNA, R J5 i 28 SYBR (56 YL A0 A5 )
mRNA (A%} ik 5. NgBR IE [ 5195758
5" TGTTGAAGGTGCTGTCTCCA-3", /Z [ 5]
Y F % K. 57-TCCCAGGGTGCTTTCTACTG-
37; GAPDH IF [ B8] ¥ J¥ % K. 5 -ACCCA
GAAGACTGTGGATGG-3", I [ 5| ¥ ¥ 5 M -
5"-ACACATTGGGGGTAGGAACA-3’,
1.7 Western Blot #&il

Y A BRSE BUS I 150 p L 4 [ 2 K
1. %A 1.5 mL EP &, & FIK I, 5/ 5 min #E
vi.EE 2 Wh. T 4 CF.12 000 r/min & .0
10 min, WHC_E W5 Bl 3l BCA D8 (kB
FEERI 60 pg AT HMEAMWRIL, KT
100 ‘CHAEM: 5 min, ffiJ5 AR MRS 5% 155, i g
A E R E A 1 h, — Pt R E L PBS 15 5E 3 Ik,
FFRS min, “HTERIFHF 1 h, PBS I 3 X,
FRIR 8 min, £ J5 i | ECL & (3% 76 B G AL
B,
1.8 HUESDH

B see /0 A 3 A B AR
Tk, B UL CFH £ FRifE25) %R . GraphPad
Prism #{4 (AR 7. 0) FIRSEAT ¢ 656, NS R
TR EMZER, » FR P<T0.05, * x FR P<
0.01, x * % Fs8 P<0.001,

2 KEWER

2.1 LXR #zh#3t NgBR & B FRIZHIF M

Hi ) 78 % LXRe #1 LXRB %t L & 89
HepG2 21 i A% B2 41 i i 47 2835 350 R 2 it
Ji » 83 O K LXRa Al LXRB @B f5 4 %8~
(R AT IE 2, B 28 R B0 NgBR 2 7K 76 fi bk 4
Jl 3R R R PRIAS SCHEDY LXR 35 £k Fl NgBR



% 6

R, 5 0 X 2R3 A A B8E T 40 18 NgBR 69 &1k 787

BHERBA —EXR, N TEIEX R, 5%
il LXR s 7% NgBR 2 1 &8 iR, il
FHAS A ¥k B2 N A i LXR BC AR (T317 An
GW3965) /0 B HE HepG2 4 fit 16 h, 25 544 1
F7R o

ME 1A LLE . T317 F1 GW3965 4 RE LA
W BEAOR Y 7 25 HepG2 4 s NgBR 1Y
FKik. N1 LXR #shf % NgBR H
T8 BN T X B B /) BRUE s Dt 4 248 s
A AL BE, 25 RNl 2 e

MK 2 FTLAE H LXR 355 A] 82 R/
B S 4 L b NigBR 33k, HOH Bl Rk
BEHEE 1 H HepG2 iEZ5 R, ik sLm
R R SRR T 7 LXR 0] (B2 B 05
T NgBR ik,

HepG241 fitd
o(T317)(umol/L)  c(GW3965)/(umol/L)
0 0.05 0.10

020 02 0.5 1.0
- L e oocse SIE0S G G | NgBR

A S ———— A\ PDH
@

=)} [ee] (=]
T T 1
*
*

*k

Nin| H ﬂ
T317 GW3965

Bl
(b)

1 LXR #zhflxt HepG2 gBHaH NgBR & B RIEH M

EN

NgBR 5 FIAHX Kk i
[\e)

/AN U A4
e(T317)(umol/L)  c(GW3965)/(umol/L)
0 005 010 020 02 05 10
e — — S D S NgBR

| — -—— -— - IGAPDH
(a)
121
I
ﬁ . -,
? 8_ seokok ™ A
=z
& o
B4t
[ *
: HH
N ~

T317 GW3965
WA
(b)
2 LXR #EhHI%/NRE R TR NeBR & A%k 1B

2.2 LXR #zh#F3t NgBR RiZHFE S

9 1 WfiE LXR 755 NgBR 205 & 77 il
T PG S AP 58 . A SCE el g 1 T317 4b
5 HepG2 4ii i th NgBR mRNA (28 4k , 45
W 3 s, &l 3 T, T317 AbFE i 23 fin 1
NgBR mRNA 7K, FHH 5 Ff i 5 7] fg & & AL 7E
sk KO Y.

sk

NgBR & A R IA 5
(3]

(=]

0 0.10 0.20
¢(T317)/(umol/L)

B3 LXRBELAHE NeBR mRNA Rk

ARSI T TR NgBR 5 3l X3, 38 i1 7
FILEXTHREN T 5 4> LXR LSS 0L AL RCE EAT]
/% H LXREL (GGATCA cctg AGGTCA) , LXRE?
(AAATGA gact AGTTGA) \LXRE3(ATATAA atgc
AAATAA ) . LXREA (AGGGTG ttaa AGGGGA) Fi
LXRE5(AGGATA cctt AGATGA), J T B
LXR ##76%F NgBR #4550, ARSC A i 17 4
KB4 A NgBR 5 3+ DL it A 7] LXRE ()
BEG 3h7 SR 5 8 WO R RS SR R 4
R T317 Xf ik 6 J5 2+ 1 M 19 5 i, 4n (&1 4
BN

151 ... CIPNgBR
o = pNgBR-T317(0.20 pmol/L)
Y
;5
< lor
-
% *%
Ring
% 5k . sk
o
4 *
a

X
O [l =@ NS

““LXREI LXRE2 LXRE3 LXRE4 LXRE5
PNgBR-2 346p meefilimfemi il e e

pNgBR-LXRE!-del-2 021p.
pNgBR-LXRE2-del-1 128p
pNgBR-LXRE3-del-903p
pNgBR-LXRE4-del-676p
pNgBR-LXRES5-del-600p

B¢ ERMREAR NeBR BHFERRNMRE G E
M 4 AT AR, T317 B T &K

NgBR 5 87 B3 ¥ 2810 M Bk LXREL-5 R
T T317 % NgBR A 11 1 19 75 541 - 25 )




78 ATET K 5 FARCH AR

%47 %

Bk LXRS J&,Ji s F 3% A 16 . LXR #sh Hl A
AEIA SIS MR, 27 EPNR, LXR 7854 5K F
753 NgBR ik, LXREL-5 7F NgBR (55
EEEIEH.
2.3 LXR #zh#iFS NgBR RiZWEEH

HT B HRE LXR &6 BN T T317
M GW3965 5 5 NgBR 9y 35, A 301 4% H
LXRa 8¢ LXRB Fik A5 Y HepG2 #ii i, 40
& SHTRANJE LXRa £ LXRB #3540 04 LA B 4K
i AT HepG2 4fdh NgBR & 1455,

LXRa Ny /(ng/fL)
0 01 05 1.0

[ < -—wm

S cxo-LXRf
exo-LXRa

LXRBJJH%’EE /(ug/?L)

T ———— — w—— |G APDH
()

6r

*
%
*

i
iSJ Y % s kok
|
=
E Hk
B 2}
=4
m
on
“ 0 ﬂ ﬂ H
LXRa LXRB

(b)
B 5 HepG2 #ARidsRik LXRa 3 LXRB #i& NgBR & B &RE

LXR #3077 % i # ik LXRa fil LXRB 1)
HepG2 Zi i NgBR 25 [ 235 (13006 an &l 6.1 7
iR o

- - + - -
- + - - +
— - - + +

+ GW3965(1.0 pmol/L)
- T317(0.20 pmol/L)
+ LXRo(0.6 pg/fL)

[ = — > - |\5r

[ — —— lexo-LXRa

I------IGAPDH
(2)

—
=]

= 6}
= sk
OO 41
4
&~
g o2r RS
on
2 =
papitaEl HREA
2151

(b)

6 LXR3$id&Rix LXRa K HepG2 4HAE NgBR & B RIEM BT

M 6. 7 A%, T317 Ff1 GW3965 4b B
— IR T XS AR, BRI A5 AR
LXR a7 n] g 2 1 NgBR ik H LXR B {4
53R NgBR 1R KA — w2
)& ImYER .

A PR LXR X NgBR #2235 8 4%
A5t CRISPR-CAS9 J7vE# s T LXRo B,
LXRB J: A BRI HepG2 4] 5 , 45 HoE Lo
CRISPR-LXRq 8, CRISPR-LXRB 4 fits, 5 %f 1]
2 (CRISPR-CtrD 2L AH Lt o 25 P A B 28 H LXRa
5 LXRP 8 [ KA . NgBR £IE T FE, Q& 8
FiR. £ EFTER, T317 Fl GW3965 DL LXR i

()5 20iE NgBR 335
- - - -+ GW3965(1.0 pmol/L)
- - - + = T317(0.20 pmol/L)
_ - -4 - + LXRP(0.5 ng/fL)

| o A - -|NgBR
| -— — _|exo-LXR;3

|_ e S — — -|GAPDH

—_
(=]
1

kg sk

-Jk =)} [e2]
T T

NgBR & F AN ik
N

Al

X A
ZH 1)
(b)

B 7 LXR3HFRA LXRBHY HepG2 4HAE NgBR FE R FIEMHIE

Rk

Cas9-Ctrl  Cas9-LXRa. Cas9-Ctrl Cas9-LXRPB
“=]NgBR [ NgBR
S S | LXRB [ ]Lxmp
- [ S s LXRo
S s | GAPDH [=== —]GaprDH
(@) (b)
12
I8
@J 0.9
= 0.6
=
03 .
0 y oL -
KA LXRo 2 LXRB
205 A5

(©) (d)
B8 LXRe3 LXREEFER R HepG HMH NgBR AKX

2.4 LXR #@hFIXF/NR AR NgBR FRIEH) 0
HAUESE S LXR &7 E7E /N BUFF I 153

NgBR ({335, A S g 7] ApoE " /)N I i 1 5%

okl (PR BCEF A T317 M oKl



% 6

R, 5 0 X 2R3 A A B8E T 40 18 NgBR 69 &1k 789

(5 mg/kg) FFEEESS 10 d J5 B /NEATIIE . 54
SMIFFEAREL, T317 AL 3RS B 2542 1 ApoE
/NERATIEH NgBR & H X 40E 9 Fros. b
ARV FE R A LXR B850 ol Ld i 3
il LXR G PR ] 4% NeBR & H IR,
ApoE” /IS EUITJIE
X RZH T317 4
T W RS S| NgBR

—— ——— o e | G APDH
(a)

oS
[*)

F
T

NgBR # FIAHRT ik 5
(3]

X R4
251
(b)

B9 T317 3t ApoE / /NERAFAE NgBR A RIEHIZM

S

T317 4

K FE 88 4L Catherosclerosis, AS) J& A%
SO I LA 9 A ] s BRSO LAY RS
s LR B e E PR . MR AE &
P T G0 25 L AE 20 Ikt A i Ak e 2R K S v
R CHER . PE4iE , LXR F1 NgBR 7E 8 Bt
TSR L 2] P s o 2 TR AR RS EE B R AR T
AR T LXR #iE X NgBR % S/EH . A
TA MM LXR B R (T317 F1 GW3965) ¥ 1%
LXR #4017 HepG2 40 A/ B A 41 Ng-
BR 95RE i — 2058 LB LXR 30E 3 m Ng-
BR ¥ ARG 8 7 iE . Ak, #E NgBR Ja 3l
FIXIASCEEE T 5 -1 NgBR % 5% il EAH Y
LXRE Jof4, If HUEM X 5 4~ LXRE [tk 25 F
i LXR 3% 8 751 %0 J5 3+ 36 M % = E R 1368
LXR 3#3h5 Lh LXRE #Ri i9 Jr 208 4% NgBR (1)
Feik, G LXR ek 3804 ml 35 X gk o R
LXR ik iE] LXR #3Ri5%F T317 F1 GW3965
755 NgBR REECEE, EIRM, X ApoE ™
/)N B 3 R I A A T317 3 i NgBR 78/ B
R RIS,

A ApoE ™/~ /N, T317 S NgBR
MR FRIAF Y] NgBR 3 mal g2 5 7 LXR
Pl Sk AR fb 1 #E . SCERL18 J4iA LXR 3%

3l AT DL SO AR S T R B A A Bl
ApoE " /N H Bl ks A A Ak 1Y) R L IXAR KRR
JE 5 LXR 845 M [ B s i A A 5¢ . Ng-
BR fE%3% /i1 Niemann-Pick % C2 2 1 (NPC2)
AR E PE e NPC2 8 FIBE A, AT HG 5 A
SRR fE 2 T Re . PRI, NgBR X 24 fifd JIH &
PR HA EE AR S5 G A R
LXR 25 45 NgBR X — i i 52 Wi 5l Jik 55
FERE AL HERE , B 2 0 TAE LI E.,

Ak NgBR A< B GE ] LXRa %,
LXR a7 % NgBR (#3005 I fig & LXR 7 2 15t
PR, A BEAE LXR 45 1 28 B ik P i A v
RIERENER . ARG AE S I 15256 o gk —
HARE X B S R A R M) g, A A 9T R W
T317 F1 GW3965 LI LXR 4 114 75 2 HE ) 0 453
NgBR 1335 24858 A A58 LXR #)ifi 2l
bk e A T BT R B

(& % x W]

[1] APFEL R,BENBROOK D,LERNHARDT E,et al. A novel
orphan receptor specific for a subset of thyroid hormone-re-
sponsive elements and its interaction with the retinoid/thy-
roid hormone receptor subfamily[J]. Molecular &. Cellular
Biology,1994,14(10) : 7025-7035.

[2] CALKIN A C,TONTONO Z P. Transcriptional integration
of metabolism by the nuclear sterol-activated receptors LXR
and FXR[J]. Nature Reviews Molecular Cell Biology, 2012,
13:213-224.

[3] CHEN W,CHEN G,HEAD D L,et al. Enzymatic reduction
of oxysterols impairs LXR signaling in cultured cells and
the livers of mice[ ] . Cell Metabolism,2007,5(1) ;73-79.

[4] JANOWSKI B A,WILLY P J,DEVI T R,et al. An oxyste-
rol signalling pathway mediated by the nuclear receptor
LXRalpha[J]. Nature,1996,383:728-731.

[5] TRAPANI L, SEGATTO M, ASCENZI P, et al. Potential
role of nonstatin cholesterol lowering agents[ ] ]. TUBMB
Life,2011,63:964-971.

[6] AKHTAR M, WRIGHT J N. Acyl-carbon bond cleaving
cytochrome P450 enzymes: CYP17A1, CYP19Al1 and
CYP51A1[]]. Advances in Experimental Medicine and Biol-
0gy»2015.851:107-130.

[7] ATTIE A. ABCA1; at the nexus of cholesterol, HDL and
atherosclerosis[ ] ]. Trends Biochem Sci,2007,32;172-179.

[8] TARLING E. Expanding roles of ABCG1 and sterol trans-
port[ J]. Curr Opin Lipidol,2013,24:138-146.

[9] VOELTZ G K,PRINZ W A,SHIBATA Y,et al. A class of
membrane proteins shaping the tubular endoplasmic reticu-

lum[J]. Cell.2006,124:573-586.

(%558 817 IT)



6 3

B0, % N i B AL 5 G AR

817

(6]

(7]

(8]

(9]

[10]

[11]

saminoglycan-based hydrogels capture inflammatory chemo-
kines and rescue defective wound healing in mice[ ] ]. Sci-
ence Translational Medicine, 2017,9(386) :1-12.
DAS S K, PARANDHAMAN T, DEY M D. Biomolecule-
assisted synthesis of biomimetic nanocomposite hydrogel for
hemostatic and wound healing applications [ ] ]. Green
Chemistry,2021,23(2) :629-669.
XIAO Z,ZHENG X, AN Y, et al. Zwitterionic hydrogel for
sustained release of growth factors to enhance wound heal-
ing[ ] . Biomaterial Science,2021,9(3);882-891.
WK FRER R R A BT SR IR B Y R
B BB F LT ] A B8 Tl R 2% 24 4 CB R BHE O
2019,42(6):745-749.
DANKERS P Y,HARMSEN M C,BROUWER L A,et al.
A modular and supramolecular approach to bioactive scaf-
folds for tissue engineering [ J ]. Nature Materials, 2005,
4(7):568-574.
HARAGUCHI K, TAKEHISA T. Nanocomposite hydro-
gels:a unique organic-inorganic network structure with ex-
traordinary mechanical, optical, and swelling/De-swelling
properties [ ] ]. Advanced Materials, 2002, 14 (16 ):
1120-1124.
QIN H L,ZHANG T,LI N, et al. Dynamic Au-thiolate in-
teraction induced rapid self-healing nanocomposite hydro-
gels with remarkable mechanical behaviors [ J ]. Chem,

2017,3(4):691-705.

[12]

[13]

[14]

[15]

[16]

[17]

KLEIN A, WHITTEN P G, RESCH K, et al. Nanocom-
posite hydrogels: fracture toughness and energy dissipation
mechanisms[ J]. Journal of Polymer Science Part B(Poly-
mer Physics),2015,53(24):1763-1773.

MREDHA M T I,GUO Y Z, NONOYAMA T,et al. A
facile method to fabricate anisotropic hydrogels with per-
fectly aligned hierarchical fibrous structures[ ]J]. Advanced
Materials, 2018,30(9) :1704937.

SONG P,QIN H L,GAO H L,et al. Self-healing and su-
perstretchable conductors from hierarchical nanowire as-
semblies[ ] ]. Nature Communications, 2018,9(1) ; 2786.
ZHENG W J,AN N,YANG ] H, et al. Tough Al-alginate/
poly(N-isopropylacrylamide) hydrogel with tunable LCST
for soft robotics[J]. ACS Applied Material Interfaces,
2015,7(3):1758-1764.

LIU K,ZHANG Y,CAO H, et al. Programmable reversible
shape transformation of hydrogels based on transient structural
anisotropy| ] ]. Advanced Materials, 2020,32(28) : 2001693.
TAN Y,WANG D, XU H,et al. Rapid eecovery hydrogel
actuators in air with bionic large-ranged gradient structure
[J]. ACS Applied Material Interfaces, 2018, 10 (46):
40125-40131.

GUTgitE  EA D

(E#egg 789 T1)

[10]

[11]

[12]

[13]

[14]

MIAO R Q,GAO Y,HARRISON K D,et al. Identification of
a receptor necessary for Nogo-B stimulated chemotaxis and
morphogenesis of endothelial cells[J]. Proceedings of the Na-
tional Academy of Sciences,2006,103:10997-11002.

PARK E J,GRABI NSKA K A.GUAN Z Q. et al. Muta-
tion of Nogo-B receptor, a subunit of cis-Prenyltrans-
ferase, causes a congenital disorder of glycosylation[]].
Cell Metabolism,2014,20.448-457.

RANA U, LIU Z,KUMAR S N, et al. Nogo-B receptor de-
ficiency causes cerebral vasculature defects during embry-
onic development in mice [ J ]. Developmental Biology,
2016,410:190-201.

CHRISTOPH E. NINA J, LILLI W, et al. Schwann cell
expressed Nogo-B modulates axonal branching of adult
sensory neurons through the Nogo-B receptor NgBR[ ] ].
Frontiers in Cellular Neuroscience,2015,9:454.

PARK E,GRABISKA K,GUAN Z,et al. Mutation of No-
go-B receptor, a subunit of cis-prenyltransferase, causes a
congenital disorder of glycosylation[ J]. Cell Metabolism,
2014,20(3) :448-457.

[15]

[16]

[17]

[18]

[19]

ZHAO B F,XU B, HU W Q, et al. Comprehensive pro-
teome quantification reveals NgBR as a new regulator for
epithelial-mesenchymal transition of breast tumor cells
[J]. Journal of Proteomics,2015,112:38-52.

HU W. Nogo-B receptor deficiency increases liver X recep-
tor alpha nuclear translocation and hepatic lipogenesis
through an adenosine monophosphate-activated protein ki-
nase alpha-dependent pathway [ ] ]. Hepatology, 2016,
64(5):1559-1576.

LIBBY P,RIDKER P M, MASERI A, et al. Inflammation in
atherosclerosis| ] . Circulation, 2002,105(9) :1135-1143.

MA C,FENG K, YANG X, et al. Targeting macrophage
liver X receptors by hydrogel-encapsulated T0901317 re-
duces atherosclerosis without effect on hepatic lipogenesis
[17. Br ] Pharmacol,2021,178(7) :1620-1638.
HARRISON K D, MIAO R Q. Nogo-B receptor stabilizes
Niemann-Pick Type C2 protein and regulates intracellular
cholesterol trafficking[ J . Cell Metabolism, 2009,10(3):
208-218.

(GHfEamE  EA D



