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[ABSTRACT] Aim To elucidate the intracellular signaling pathways for 3-very low density lipoprotein { VLDL)-induced
VLDLR transcription and their effects on lipid accumulation in macrophages. Methods  Phosphorylated extracelcular signal
regucated kinase {ERK1/2) protein was detected with Westem blot. mRNA level of VLDL receptor was assayed by RT-PCR.
Results We found that 5-VLDL induced an increase in ERK1/2 activity in a protein kinase C ( PKC)-dependent manner in
murine RAW264 .7 macrophages.  Studies using different protein kinases inhibitors or activators showed that the effect of B-VILDL-
induced VLDL receptor transcription, which was monitored by RT-PCR analysis of VIDL receptor mRNA, was not affected by the
inhibitor of P38 kinase and cAMP analog, but extremely abolished by pretreating cells with an inhibitor of ERK and an inhibitor of
PKC. Studies on effects of PD98059 {the inhibitor of ERK) on 8-VIDI-induced cellular lipid accumulation, which was assessed
by cholesterol and triglycerid assay kit showed that ERK inhibitor decreased cellular cholestorol and triglycerid increase exposed to
B-VLDL in a dose-dependent manner. Conclusions These results demonstrated that the PKC-ERK1/2 cascade was the es-
sential signaling pathway by which 8-VLDL activated VLDL receptor mRNA expression and inhibition of the ERK1/2 signaling cas-
cade resulted in suppression of the cellular lipid accumulation induced by B-VLDL in macrophages .
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1.1 ##

MR E M A RAW264.7 W B L m P .
RNAeX Reagent M B L i & 2 4 #y T £ ) 7,
SB203580 ® & Calbiochem /A § , GF109203X i1 8-Br-
cAMP ¥ B Sigma A F . HHRCERAEETRY
# % (extra cellular signal-regulated kinase, ERK1/2) %
TREFERAE L A H (ECL) W & Santa Cruz
Biotechnology A % o PCR 5| ¥/l L & TAF 4 Ko
HEABERTA BRI RE Mg, N
2F, BEAMEZRANEMELEFELE,

1.2 #ARiEsE

RAW264.7 & J 3 5 T4 10% /N4 f & 70 2
mmol/L 4~ 8, Bt % 85 RPMI 1640 3 3 £ ¥ (37C.5%
CO)o M 6x10/ALBH T 6 K F, DL 7§ &
FEEFUWNRELFHNMATRE SRR ARY
BHME ARG HALE 1L 5 R-VIDLEE.

1.3 BEEASE

ZBVIDLAHEEBRANEARHTELZRR
BhrEREECESEY, BEHLEBRE 450
pm B, EHETF4C, EHANER,

1.4 Western Blot

UEARBRRBEAN, Lowy 2 EELE.
BE GRS pg/FL )3 4T SDS R A W BE R BERR &
KRR ERRAERE L, mAH AR 4CH
Mt & TBST % EEmARS B ERKI2 % %
BHA(HEY 1:200) 5EEH 4 h, TBSTHEE,
ERARRLEAMYEN _—HEF L h(FHEHN 1:
10000), TBST /&, R A R LA @m ¥ %
AR (ECL) # W e ¥ & E B E . £ Kodak
digital science B P STk Bt & A £ FHTK
RAMH UBRLQBRAEMER)RREGLATHE
TRHREG, U ENEARAATHTETERE,
1.5 FEHR—REWmERK

# RNA eX Reagent & 1F $5 ¥ 3 3 45 JtL % RNA,
BREFXEHTPCRY ¥, PRI M & L X #t
[3]c VLDIR R % # % :95C 3 min—>95C 30 s—
627C 30 s>72C 45 s, 2 MEI; 4 5 72°C 10 mins
GAPDH K KL %% % : 95C 3 min—>95°C 30 s—>62%C
30 s>72°C 45 s, 28 M E3 ;72°C 10 min, PCR 7 4
Z1.5%FERBERE K, BT REE, UV EH,
GIS % ik & k2 7 £ 4243 # 447 , LA GAPDH(520 bp)
% W% B VLDLR(320 bp) W R = #1788 .

1.6 BRERMHRREUE

MMIBEAERE, N 0.5mL FAm A 0.1 mol/L
NaOH H %M, G20 pL A& Lowry ¥ #41T&
AEE. A0 LA MBHERTHHEREF, A
AR BERMBEA(RE - FEB=2:1), B A%KY
%4 1 min, 3 ki/min &8 20 min, R T B HHL4,
HEAR (R FE -H0=15:235:240)E #% 1 ~2
K, 3 ke/min B8 20 min, ¥ H LA 8 AT 43 8%
T, 80CAB4hET, HBEAMNZ AN ER
A A 3 H o = B (triglyceride, TG) & A B2
& # (total cholesterol, TC) 84 &,

1.7 &itFEFHE

HHAFMEER BB, FHAKER x5 F

RET. P<O.OSAHZRAEEMEX,

2 &8

2.1 PREFEEIEEAN4MIME S EYMEE 12
B-VLDL A #l 3 RAW264.7 4 ERK1/2 1%
4, 3 B A M Bt Al A 3, B-VLDL ZEHE R 25
mg/L B}, RIBEA M S min B AT A 8 35 i0 RAW264.7
A MR 1L ERK1/2 B4 &, I+ BE WK B 59 18 in 3k
MHEER, 10 min Y RAW264.7 4B ERK1 15 &
%5, 15 min B} ERK2 {E#4ABIH (A 1, Figure 1),
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Figure | . - VLDL activates ERK1/2 in RAW264 .7 cells
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22 EEABMCHBPREEEREEASES
RAW264.7 AMAh FMSMES BT HE 12 FHE
BN 0p 2|

IR R E R GF109203X( %8 & C &)
BEHME1 hARKBE BVIDL BE 10 min, Bl
RAW264. 7 4 jfS & ERK1/2 ¥% ¥, %5 £ £ GF
109203X "] #' ] 3-VLDL 52 #) ERK1/2 A S,
FEREE M B A3 N TN 358 (B 2, Figure 2),
B B-VLDL #5549 ERKI1/2 iEHE R 2 PKC KR,
LX ERK1/2 $HE) 771 PDO80S9 HIBKAHRE 1 h, FFTHE &
AREXR, &R AH,PD 98059 B B Wk B
VLDL % % ) ERK1/2 ¥ ¥, 1% 8 PD98059 1E
ERK1/2 MR A ZE

1 5
ari00203x (umol/L)

EH2 BEAEBCASARRFHEEFSHEMA MM
EERTHE 12 EYHS
Figure 2. Protein kinase C mediates - VLDL induced ER

2.3 EAME C.MAPK fl PKA EEH#JREE S
BEEEEARSREEREQRARZI EADY
i3

S B[RS B 4% 56 SR O A 40 SR s s
AbHE RAW264.7 4iff0 | h, 5 B-VIDLEE 24 h /g ld
Ao B RT-PCR 897 S K 89 VLDLR mRNA 7K
-, B 3A(Figure 3A)RET 4 RILHERE R
VIDLR mRNA I GAPDH mRNA #RfbJ5 , &5 58 1A 3B
(Figure 3B) i 7% , GF109203X 1 PD98059 43 Hi i -
VLDL % 5§ VLDLR mRNA /K ¥ T F& T 29 30% 0
35% , 5K FF A MM VLDLR mRNA /K¥E¥EiE, 8-
Br-cAMP 75 H 807 e B (0.2 ~ 1.2 mmol/L), SB203
580 7EFL RN WK 5 (10 ~ 30 yamol/L) %§ VEDLR mRNA

RER T T B PR R BR AR

1 2 3 4 5 8 7

500 bp VLDLR
— (320 bp)
300 bp

GAPDH

500 bp (520 bp)

B3 EAMEC. MAPKI PKA S HSERE SRER
EREOFSREREEEARERE LAGRNER

1Xif 1 0 DNA Marker, 2 34 Control cell, 3 7 p-VLDL(100 mg/L), 4
B-VLDL + PD98059(20 pmoV/L), 5 A f-VLDL + GF109203X (1 pmol/L),
6 24 B-VLDL + SB203580(30 yumol/L), 7 39 §-VLDL + 8-Br-cAMP (1.2
mmol/L) o

Figure 3. Effects of PD98059, GF109203X, SB203580, 8-Br-
cAMP on B-VLDL induction of VLDLR mRNA expression

1. BEARARNMESBAT AR 12 NHRNEER
RAW264.7 SBRFRAE RS (x £ s, my/g)

Table 1. Accumulation of total cholesterolin RAW264. 7 ex-
posed to lipoproteins and PD98059

4 4 flzleal. i =ng

pogiickeil 16.62+0.08  21.07x2.95
B-VLDL( 100 mg/L) 51.23+3.80° 45.72+2.61°
8-VLDL + PD98059(10 pxmol/L) 37.66+2.23* 38.49+1.58°
B-VLDL + PD98059(40 pamol/L)  31.29:2.60°  29.13+3.49*

a: P<0.05, b: P<0.01, compared with 3-VLDL group, c: P <0.01,
compared with control group.

2.4 RSME ST RES 1/2 HEFIXT RAW264.7
40 Rt P BE B AR A R M)

L 7R [R) vk S 9 PD980S9( ERK1/2 5 ) Tl kb 38
RAW264.7 4iiff | h,$R/5 5 B-VLDLIRE 24 h, kil
A Hm=ANEEEYERE, BFE 1(Table 1)
AL, PDOS0S9 7E fif ¥ BF B, AT f# A-VLDL I8 & 0
RAW264.7 406 9 H 3t =5 & R FEME 29.3% , AT
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BE B IE{E 39.2%. WK E K PDI80S9 I B-
VLDL B i RAW264.7 RN H i =B & B R
67.3%  JEEBSEMEM S7.6%, LA LERERE
B 45 S HEIM ERK1/2 15 58 B R FE{K B-VIDL
B RAW264.7 AR N REFREE

3 37 ig

EFRNABEEAENTFR S X, B-VIDL,
VLDL J% 3 28 4> 5% B f 7= 4 7T 398 ML N B9 PKC-
ERK12 (55 RR, BRHA c-fos 1 c-myc FHIEE
EiwES , 4T BESTENAREEY , RMNEAHR
B-VLDL B L) PKC 4K #fi 9 J5 2 3% M 4 89 ERK1/2,
L R4 R e M k30 2 BU BELT B IA ERK1/2 K¢ PKC 15
P, 7] JLE 522 W% 3-VLDL ¥ %4 VLDLR ik L
. %3 4R7R,VLDL.B-VLDL %S VLDLR £i4 L
AR FERHHMIS N PKC-ERKIR2 55 &
B8, fIASREMEREE ERKIZ2 F5 5
#,% B ERK1/2 FRPE M #(50 PD98059 AT fE{K B-
VIDL BE/GHEMMMAREBEMH M= &
&, 35 VIDIR % B-VIDL S E X L, #m A
BEERESHEES EMEES, AT SFBURA IR
JEHERR LR GARETE Al

1€ VLDLR ERH 5 S XRERFFIH , FEEMW
ANEEMIRARAEFHTH: R 1M CCAAT & FI75 D,
EA1A 535085 4 B S H T NF-Y #1 CEBP/B, 7
JEG-3 1 BeWo 41 fg X B~ ¥ ® A ¥ % VIDIR
f723x" 1 B NF-Y #1 CEBP/8 ¥/6] 8 ERK1/2 B8
{LEC!, BN, PKC-ERK12 (52 R BN TN
VLDLR %35 Ll £ EEA TR 2K, BdE %
PSR AT VIDIR MR K AL RS RIFEL T
X, AMEREEEAERTOLRELF®
NF-Y %! CEBP/B, WA it — 20 B35 IESE

p38 1B 5 AEE B Z KR 31X, Hsien-Yeh
EMREN, 38N INF ESHWEMARBEEXR
ZERETREY, ALREREN p38 FE5 8RB
RAW264.7 489 VLDLR AL B &M, BB
1B JEG-3 4T, cAMP FY25 {114 8-Br-cAMP A] B3
T VLDLR mRNA 335, i cAMP X 5 S 454
MM ERK1/2 SEHE AR, AR PKA &
BB BT 4 VLDLR mRNA /KGR B .

& EATR AL R R SMLBAIESS T VIDLR
AJ LS B-VIDL B R Mk LA, (554 SRR M

SL¥ %I PKC-ERK1/2 {5 5% SR %7 VIDIR LiF
ARbPEAEEEAM, ROHFAREKREZH ERKL/
2 % #%M5 5 VLDIR BIR A AE, % wmE 4 M
JARE R, B4R, RA MAKK 5 5 R MH
FITGTF B O R R 25 B R AU A 0, A S
FIE AN RIRE B B, & B 9T AT B4 sh AR RE A
BB, SR B 25 BT R O T R AL B i B R AR
B FREE
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