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Inflammatory stress exacerbates cholesterol import in fatty liver of CCl,-induced
mice via LDLr-SREBP-2-SCAP pathway
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[ Abstract | Objective  To investigate the molecular mechanism of inflammatory stress promoting the
simple steatosis caused by carbon tetrachloride (CCl,) to further lipid accumulation. Methods A total of 12
male C57BL/6J mice at 6 to 8 weeks were randomly divided into control group (n =6) and inflammation group
(n=6). In 2 weeks after subcutaneous treatment of CCl,, the animals from control and inflammation groups
were given normal saline and casein respectively by subcutaneous injection for 16 weeks. At the end of the
treatment , the blood sample and liver tissue of the mice were collected. Serum levels of lipids were detected by
enzymatic assay. Inflammatory cytokines, such as serum amyloid A ( SAA) and tumor necrosis factor-a
(TNF-a) were determined by ELISA. Lipid accumulation in the liver was evaluated by HE staining and oil red
O staining. The expression of low-density lipoprotein receptor ( LDLr), sterol regulatory element binding
protein-2 ( SREBP-2) and SREBP cleavage activating protein ( SCAP) at mRNA and protein levels were
analyzed by real-time polymerase chain reaction (RT-PCR), immunohistochemistry staining and Western blotting

respectively. Results  The serum levels of SAA and TNF-a were significantly higher in inflammation group
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than in the control group (236.09 +38.45 vs 35.68 +11.34 ng/mL,82.59 +11.48 vs 17.91 £2.77 pg/mlL,
both P <0.05). Casein treatment resulted in significantly declines in the serum levels of HDL-c, LDL-¢ and
TC when compared with the control group (0.91 £0.10 vs 1.80 0. 12 mmol/L, 2.65 +0.44 vs 5.76 +0.33
mmol/L, 3.69 £0.26 vs 4. 16 £0. 22 mmol/L, all P <0.05). HE staining and oil red O staining indicated

that a lot of lipid accumulation were observed in the liver of mice in inflammation group. The mRNA and protein

expression levels of LDLr, SREBP-2 and SCAP were significantly increased in inflammation group than in

control mice (P <0.05). Conclusion

Inflammation may exacerbate lipid accumulation via up-regulating the

expression of LDLr, SREBP-2 and SCAP in the fatty liver of C57BL/6] mice induced by CCl,.
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1) CCL-HH) iAW (0.3 mL/100 g)2 JiJe , FRR R B T TS A
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55 10% B 1 (casein) 0. 5 mL 16 Ji . SZIGZ5 S, B WU/ L
TLEFFIEZHEY, - 80 CAR-AF
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TERY BEHE [ (serum amyloid A, SAA) 1983 2R 58 H F-a
(tumor necrosis factor-o, TNF-av ) F) 3 & {i F ELISA {27 & 46

(Gl B 22 E R&D A 7] Bk A U EHCE BRAR)
1.3 &g B A Em

/NI S BT (total cholesterol , TC) AR %5 B Jig 25 1
JIH & % (low-density lipoprotein cholesterol , LDL-c ) £l 15 % B |5 25
4 HH [# E% ( high-density lipoprotein cholesterol, HDL-c ) ¥ i %
BEARER L el GG &l B ER A NEYHARAF]) .
1.4 MM HE &% 4o 0 46

R I3 T AT ZUT 4% 22 5 W1 , 73 590 i A A1 i 0
B KGR YR o A S0 R P ORI 5 B B JBE K, IR R
FEge, 8 min, ZEIRK M UEZ AR YU, HEL YL 2 min, 95% 9HKs
JBEK S min, ZHREH] S min, EREE B vk DT
10% 1 /R B RER VR [E E 30 min, 1,2-P§ ZEEFH 2 min J5, il
41 O(Sigma AH]) Je 8,10 ~ 15 min, JFARKEE G 1 min, FK vh
PEIREE 10 min, HrimdE Ao P I7E WS T AT HZUIR 1y
RS
1.5 ZEak&Hk 2= PCR

K Trizol FARBUIFALZLE RNA, H] DEPC /KA B 5 Il
W D(260)/D(280) H(TEHE R 1.8 ~2.0) , bk E4H [F
WS o 2 MRG0 71500 4 (TaKaRa) #84E ULHDRE B RNA 03 5%
B cDNA, SR ] SYBR Green %¢5' 5 &t RT-PCR A I 1 4H 24 11y
K25 B 8 2 13 2 /A (low-density lipoprotein receptor, LDLr) | [ i
P 045 6 3 -2 (sterol regulatory element binding protein 2,
SREBP-2) .SREBP ZY fi# i 7§ & H ( SREBP cleavage activating
protein, SCAP) ) mRNA Ct i, 5[5 W3 1, W 2 pl ¥
ST SR S i PCR, L B-actin 152 N 2 I, =6 A
%N 20 pL, PHE544:95 °C 30 s HiAE:,95 C 55,58 C 30 s,
70 C 1 min, 3t 40 DMEFR, SRR E & AACH T3 2 H/N R
R KBRS A A AT  S2 g A AR T X7 B4l R %
BIRPHIFE = — exp(AACH) , Hirf AACE =SB4 ACt - X 1
4 ACH ACE= HERED C{ - NS HEH C{E,
1.6 ZRABAFRE

JHF AR 2R 22 5 A s3] Fr, St LDLe —$51 (15200, Jb 3¢
AR , fubt SREBP-2 —47(1: 300, JL 5T B 2% ) , S i SCAP
—Pr(1:250, JLIT R ) 4 CEE 7, BN A A e e 20 Ak i
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&1 RT-PCR3¥FFIRF=HK

A 51973 TR (bp)

LDLr  L#514:5'-TGACTCAGACGAACAAGGCTG-3’ 118
RS 14 :5'-ATCTAGGCAATCTCGGTCTCC-3"

SCAP  [iB1#):5'-TGGAGCTTTTGAGACTCAGGA-3’ 159
RS9 :5"-TCGATTAAGCAGGTGAGGTCG-3’

SREBP-2  [J#814:5'-TGAAGGACTTAGTCATGGGGAC-3’ 106
RS9 :5'-CGCAGCTTGTGATTGACCT-3"

B-actin  [¥514:5'-ACGGCCAGGTCATCACTATTG-3’ 87

TS 4 :5'-CACAGGATTCCATACCCAAGAAG-3’

1.7 Western blot #4| & & £ ik

FedE AR BT AU AR BCN UL U 1, T BCA %
TR A IR, L ARl 80 ~ 100 g, B-actin £
NS RRE . FEINAEPESE thiEE 10 min, SDS-PAGE ¥
LK, SR 5% 2 PVDF I, 5% g WA & iR 31 2 h, 43 51
SN A—3t SREBP-2 (1:500, b 5i 8 4% ) .—$r LDLr(1: 200,k
TUHBAR) , —H0 SCAP (1:500, b 5T %) , —Hi B- actin
(1:5 000, JL 5t A28 47 ) .4 Cid A0 &, TBST EE7% 10 min x
30 IABR 1T AL P B (HRP) A5 90 1) 90 (BRBHE I H AR
HBRAT]) ,37 C JFE 2 h, TBST 3k 10 min x 3 Y%, ECL &4k
ST R T
1.8 %itF oM

SR SPSS 17.0 Gt e 455 L & + s F7R,2 Al [Al4h
RATISTIREA ¢ R 5

2 HR

2.1 XpEREFANL

%41 M9 SAA [ (236. 09 + 38. 45) ng/mL ] Fl TNF-a
[ (82.59 £11.48) pg/mL] BH & 15 % BAZL [ 43 5312 (35. 68 =
11.34)ng/ml, (17.91 £2.77) pg/mL,P <0.05] ,

2.2 SiE RS RO A 45 R

SIELL HDL-c[ (0.91 £0.10) mmol/L] .LDL-c[ (2. 65 +
0.44)mmol/L] \TC[ (3.69 +0.26) mmol/L ] i Il J& ¥ J& A %F F
Xof BELH B L RAG [ 435 4 (1. 80 £0.12) ((5.76 £0.33) (4. 16 =
0.22)mmol/L,P <0.05]

2.3 KRR HE & 4%

P T W] A HY o) L P 200 B 1) 40 A 375 0 , R RS
SRR A SR . SR A R S BEIR , I A0 A
HEFUZEAL, v WA R IR 2 MO RN S AN MR 0 o A543 3 AT
M) Fr, sk U] R I3 A S L ET, AR 4% NAFLD 1% 3)) )i
(NAFLD activity score,NAS) P43, Xt BRZH V43 <3 43, R IE# T
HMTERS M RAELH NAS 141 >4 43, A2l NASH,

A P B4;B: KEH
E1 HHEHMNRAFBALAKSEEL (HE x400)

2.4 DRMmighi O FELER

P2 7 s B A ] DL s IR ZL G ORI , 8 2 AT LK
CLY ORI AR A, 4278 JRAE RTINE CCL, AR B i 75 A2 1 240
MEE AR R

A xR B KEM
2 FANBRATAEALHI O SEmME  (x400)

2.5 AL LDLr SREBP-2 SCAP #5 mRNA %k
S5 E 1 PCR A 25 R 5 7R , 98 E 2H AR T X REZH )
LDLr ,SREBP-2 SCAP H£[H 3235 W] B 75 (P <0.05, [ 3) .

[ Oxfmagl
I W EL]

a

s

LDLr SREBP-2 SCAP

mRNA FI%F gk
S = N W A N N

a: P<0.05,5 x4k ik
B3 LA EEE PCR &N & H/NRATAL S LDLr, SREBP-2
SCAP # mRNA FiA7kF

2.6 MARLFEAMEELER

SREBP-2 SCAP & H B T4 AY e i, LDLr 2 1 3%
TR T A L 0% L 55 P B 7 D B 2R3 A A B R A R
i, NE 4 AT FE 1, RAE4 Y LDLr . SREBP-2 SCAP {33k [t
YA £
2.7 Western blot #2245 %

Western blot #5025 5 87w , 5 % AL AH LE, R AE 4] LDLr |
SREBP-2 SCAP # [ R iA B W4 &, 5 mRNA £ 45 A0 45
(Els).
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A~C.xFBa;D~F, £540;A .D:LDLr; B E;:SREBP-2;C F.SCAP
B4 /NERAFHEZLAH LDLr & HiFi=E E SREBP-2 1 SCAP {E R KL (S-P x400)

LDLr(120x10°)—

SREBP-2(68x10°)—

SCAP(141x10°)—
B-actin(42x10*)—

01 o pe
3.51 MR
3.0t
H_ a
2 25t
5ol
i 20
I 1.5}
1.0
0.5

LDLr SREBP-2 SCAP

A:Western blot # 25 R 1.4 BRA;2: RE ;B F 254

R a: P<0.05,5af Rkl

B 5 Western blot #:ill&-28/NfR FFZE 4R LDLr SREBP-2 SCAP #j
BERE

3 g

NASH fE 2 NAFLD % JE i — A~ e85, H R L
W2, HET# AN FF 2 m e Wi d %
YA UTAESR T NAFLD Hih = 5 A7 25 5 0y e

A A S JRIATL ] 2 A7 DR 4 J , 1H O T HL J5] e 1 A 38
ERLLIN L0 e

BUATRIB ST R B0 ), WL 2k A P i 5 A
AR FE By LLR 3 A5 AT 45 il b LDLr 4%
O H [ P, e 3-8 -3 - F N — BE A A iR
JR I ( 3-Hydroxy-3-methylglutaryl-coenzyme A reductase,
HMGCR) 9] 75 JIEL[E] P (8 AR 18, T3 22 g OB [ e
M = BERR AR 45 & &L is 1k AL GL B 3|40 2
Hbo Hh LA i LDLe £5 AL 3% JIH [7 i 40 i
WY 2 P L ARG 3 B ik 9 52 3 Ik
JFAME S — T e T ™ o g s T ) JIEL T e A o
RWIHLA o SR T CCL R 20 i A Joe i 44k S iz
1 PR B A R g LI
WIS SREBPs, & 5 SCAP 255 T iU 4 W) A J5T
P05 7% B vm JR B A, 7E P28 1 I (S1P . S2P) 11
T, SREBPs 28 , HEAT e 53 1% 1) N-oR i | Bk
BRI R LDLe 3 P B A A S A S
SEREIL IR ) 5 I, 120 i DL T P Y £ 5, R
1E# ) LDLr-SCAP-SREBP-2 i 15" ™™ | B« o5 —
UAT " s FEHEAT I 2 1 T VRS, foT i e g 017 72
/N BRAL TR PR AT B R IR , 1 40 0 2 T 1Y
JREE 2 RS T, 40 i 8 2 LDLr S35 K o b 48 B,
TG F o) I [ e, L[] Pl i i b, S BUTH 40 L P
JOEL T Pt A et R 2R, S 3% A L 5 kATl
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JFF A0 Bl i I 2 2 A g P S A I AT

ABgEr CSTBL/6) /MR ZE 2 ] CCL 5 )5 FR &
16 JE AT 8 1 3 S A0 B, SR AE 411 SAA J2 TNF-a &
JE X REAH A Sl 3 (P < 0.05) , W1/ B8 M R 458
PERIERAIF ). HE e Jyl2l O e o, %
JiEZH AT UL (I I 25 1 B 1 e 0K, 57 2R E 7T i
HE /)N R 240 L 0 i AR 3R o 4 /0N BRI v Y
HDL-c¢ \LDL-c \TC & 40} B2 W i IR (P <0.05) ,
Vi B JAE AT U T 40 i3l 5 LDLr 53 K B 3t R TRCIfL
Y00 1 AL B AR S 200 B P ) i B SE SR . RT-PCR
R 25 5 R S AELH A LDLr SCAP SREBP-2 ) mRNA
FRBRT IR 3 T 1 1,87 .5.24 2,39 £, HAoewE
414k S Western blot 1] 7 ) RAELL X 3 Bl 1) &
H R IRBO0 R W T iy, B R Rk a3 — 3, 45
R R AE K+ 7] 38 22 fE #F LDLr-SREBP-2-SCAP
IR TR JF A4 P JIEL [T s ) S e A, S BUM 20 Al o
)5 R

L5 ERTIR  ASWESERE CCL 20 T 40 M A 5 22
Sl ig B A 1Y) SREBPs 5 2k , 8 o (4 P 52 50
WESE T A AR BT CCl, 3 B B afi v fig 1D 22 1 7
TYSE W, T9t SCAP-SREBP2-LDLr [{ 1E# 2
TR (R P24 o S i R S b B BB [ e ot 48
X ZE AR T IR Jsast 8 o 1 B 24 T, S g 0 T 4%
TBYT I EEVE SR AL IR | Rk NAFLD 497 1)
BT R AR R4, (H NAFLD JH [ B g S 45 58
FIBLAR S 25 , XoF 73 | a2 A 170 JH At 308 i 3 A 5
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