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[ ABSTRACT ] Aim To investigate the signaling pathways involved in the process which adipophilin induced the in-
tracellular lipid accumulation. Methods We obtained the RAW264. 7 cells of high or low expression of adipophilin by
constructing retroviral vector.  Then the cells were incubated with 300 nmol/L of Calphostin C ( PKC inhibitor) for 16 h or
incubated with 50 mg/L ox-LDL simultaneously.  The expression of ACAT1 was detected by RT-PCR and Western blot.
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Results The results showed that RAW264. 7 cells with high expression of adipophilin increased the expression of ACAT1,

and decreased in cells of low expression of adipophilin.

high or low expression of adipophilin.

Calphostin C inhibited the expression of ACATI in the cells with
Compared with the cells incubated without Calphostin C, the difference was signifi-

cant.  Calphostin C also inhibited the expression of ACAT1 when incubated the cells of high expression of adipophilin with

ox-LDL for lipid-loading.
was significant compared with the control.

time-dependently in cells of low expression of adipophilin.

ecules affected adipophilin expression and further affected the expression of ACATI.

related to adipophilin causing intracellular lipid accumulation.

g B AL A < 2 (adipose differentiation-relat-
ed protein, ADRP) J& 5 J& Bl 25 (1 PAT K% i) —
51, 5 ki RERE AL (atherosclerosis, As) &4 M Kk J&é
BUIRISCN B A I B R B R DA K i ST AR
WA PIRIARED S . RATHBFR EH &
A 4 2 L A B B AR B e T A il A I [
Mt FEAL #S M 1 (acyl-coenzyme A: cholesterol acyltrans-
ferase 1,ACAT1) T SEILAY, ACAT1 240 g N 3= %
B BT R A T, 2 A 2 A 45 20 i 1 L s
A . ACATI AL TN BT &5 R4 AR B AR
PN AR P 2 1], 20 PN I B4 22
G NG ORI IR , W AFZEANL T, Forcheron
FOTFE As BEHL P B RS T adipophilin 5
ACATL, 5 BEH & BBl 412U L, adipophilin 5 ACATI
Yy ik, Wi 24 3 A e F A i R 5 DX

RESR adipophilin 3 i ACAT1 i€ 7F 21 it P4 i Ji
TR IR 4, S48 iZoad B2 /9 15 o 1 el o2 2
FERDRL ) 5, Chen 45177 FIFRATTIR AL 35 % 9E,
adipophilin [ 3%k 1] 57 £ 2 I C ( protein kinase
C,PKC) FO s A i 50 i 4%, $& 78 78 adipophi-
lin 5E AL NG B 2 i Fe b 55 PKC 15 508 %
PSS

AVREHUAE T A B 5T 0 Bl | (] BE H 3Rk
Je RNA T4 AR 3RAG 55 K AKZRGE adipophilin 1 4l
9, N X PR 4H g, in A PKC 14| 1] Calphostin C
A3 EE adipophilin 520 ACAT1 (1) 36 15 J2& 75 38 1o
PKC {5538 % , #5785 adipophilin 52040 g P g 5 X
R RELIREST B BOEIRANN e E As 19K HE K
LT

1 #RnTEE

1.1 ApakEsFikod
RAW264. 7 408 (W & P E R I £ i@ A&
% H K BT ) £ RPMIL640 %5 3k 3£, PA317 % M

Both mRNA and protein were significantly decreased after incubated for 16 h and the difference
In the condition of lipid-loaded, Calphostin C could inhibit ACAT1 expression

Conclusion The results indicated that PKC signaling mol-

It suggests that PKC signal could be

(FPHEARFMIEEFRE W FHAZEGE)EA
DMEM-high # 7% 3£, 3 55 36 o n N 10% Ji 4 13,
7 37°C 5% CO, A ERATHR, Lhitsy
Z % .Control 4 i Raw 40 it ; Vector 41 F 25 Ji H Frr
A5 WY 9% 5 R 4 Raw 28 8 ; Hi-Adi 40 2 L-Adi 41 F
pQCXIP-HA-Adi ( Hi-Adi 41 ) = pSuper-retro-adi-
pophilin siRNA ( L-Adi 41 ) i fr 7 4 %% 09 0% & B %
Raw #8 ff,, 7 #b, &K%k 3£ adipophilin ¥ #F % # ,
AT scramble 41 1E 4 A P % B (A pSuper-retro-
scramble siRNA Jf 7 A7 40, %% B )% 2 B 4 Raw 20 08) .
1.2 HEWERY I

MFE R /N B (CSTBL/6T) 4 F 7 JL 40 L ( %
6 %) 7 & adipophilin # B, 5 4 2 % & £ &
pCR2. 1-adipophlin, | 7 IE# & , B 44 2 3 4 Fom &
3k H A pQCXIP-HA-Adi, B 77 3% L0k [4],

#AE adipophilin mRNA JF 7 ( AY035850) , &
Oligoengine Co. (USA) #y RNAi # 4 8 % 1T adi-
pophilin siRNA J¥ 71, J¥ 7] 4 AUG CAC AGU GCC
AAC CAG A, ¥ T AY035850 #§ 793-811 i &,
75| 4y 8 W 3 7w B Bl I 72 Hind 1 B 47 L %,
HE e N K KA, Forward %% JF %] % 5'-GAT CCC
CAT GCA CAG TGC CAA CCA GAT TCA AGA GAT
CTG GTT GGC ACT GTG CAT TTT TTA-3', Reverse
B JF 5] % 5'-AGC TTA AAA AAT GCA CAG TGC
CAA CA G ATC TCT TGA ATC TGG TTG GCA CTG
TGC ATG GG-3', [& B AR 4 ik [ 8 ] % 1T scramble
siRNA 1€ % [H M 3t B8 0 48 & & 89 forward %% 77 re-
verse %% V& f# %| anealing buffer ¥, {# & PCR {{
90°C FF 44 & #f f& i, B %] 4°C , £ % &4 Z 7}, Bgl
Il #2 Hind Il B 4] pSuper. retro. puro # &, {# = % 4
ft. )5, Hl T4 DNA HEH: ek, HEHE S Wil
Z| DH5o, ¥ 3 , R BUR AL, 1 f EcoR I 4 Hind I
B, 5 Rt B SEHETE, 4BNFH
JE 77 IE# , 13 %| pSuper-retro-adipophilin siRNA #1
pSuper-retro-scramble siRNA 3 %% 5% 2 214,
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f#F CaCl, 34| % DHSa B A 20 0, 42 A 2
W R S NG W R, T, A B
A 4 TR /N R AR A & (Jb 7 Fermentas /A & ) 3E4T
JRL AR B, X 4% BUAY i L #E 4T B8 Y1 (EcoR 1 47 Hind
) % PCR R AT % 5
1.3 FKEBBERIRFKIE adipophilin BIZHAE

W AL A M R PA3LT 4B A% 4 x 10° HE A
T 6 FLALH,95% 4 i 3 < AUE , A 100 pL & 7%
DMEM 3 5 £ 9 Bl B 2 g b, B8R4, B6
pLREEFEHLRAAN(BETRES A TRAR
AN AN 100wl T iE DMEM 3% 55 3 & # B | 5
BIRA, BERERHBERE mE DNA BBRE, %
U H 20 min, PA317 Fl B Rk 2 K, B
¥ AE/DNA BB NEL haEmi b, %
BREHEZHHRAE, 3ICTHEF4 L EHbH
10% AR B x4k S dk ) B R K F 48
h, f 2 mg/L Puromycin 34T, WG & 2 ~3 K E
# — k4 2 mg/L Puromycin By 5T 2 % 3= 3L | i i 10
~RRE, AR oEBEE T, T EHRS
mg/ L. Puromycin i%%%éﬁ?%ﬁﬁ, W FEFR 3 ~4
JE TR R E S e e B, K e B B AT
BAny ¥ &AW

¥4 x10° RAW264.7 i A T 6 LR &+,
37CH M, KEBBWAEMEE EFLH U 1072,
1077 10 ~* % & &, I m N\ polybrene E 2% JE H 8
mg/L, B4, F = RAW264. 7 40 J 09 35 55 5, 4 5
R mL HBENRER, N6 LR T, EMHEE
A2 FL, % 6 h, #h IR 10% /N 4 L 7 By 1640 3
F= 3 1# polybrene & & % 4 mg/L, 3324 h 5 ¥
RAW264.7 40 f DAL 1:2 5K, FFm N AR E 3
mg/ L Puromycin f % P P& 50 12, 45 K30 240 g 30 =
Ja, % A 1.5 mg/L Puromycin 8 5 2 55 2 3 4k 42
th, a2 E, T LM EE TR E K, TR
B (Hi-Adi 41) XK (L-Adi 41) % & adipophilin #J
RAW264.7 40 1, % 7| il RT-PCR & Western blot
U5 5 48 1 F adipophilin mRNA K & Gty &k, &R
Bor, 59 R g & 0yt BB 41 A e, Hi-Adi 4 adi-
pophilin % & & % 3 & , L-Adi 41 adipophilin % % %
FRK, AN ARERSY,
1.4 SHBRZEEZEANHE

HEXHMII0] W F FH &8N A RTERE
A (oxidized low density lipoprotein, ox-LDL) , B #T
# At 100 ~200 mL( & & # fF 7 o sk ) |, ok
F 77 48 3 80 % ) &K% Z B & A (low density

lipoprotein, LDL ) , # #7 % #) LDL & & 5 pwmol/L
CuSO, ¥ PBS % ,37°C# AT 18 h,40 mmol/L BHT #n
20 mmol/L EDTA # ik & 14, % J& £ 0.9% NaCl,
0.003% EDTA (pH7.4) 4°C H%&H 24 h, B @ 1% 7,
EOXERAEAREZl oLACKRESEFH, X
JF B G B B i v vk SDS- R T 0 B A B AR Rk K
E ox-LDL, 5 2 8 & ,ox-LDL 2 — & g 44 3% 5
i U5% JiC Pk W 3E B 3 BT LDL, B & b & AT By
wEET hALENILAG,
1.5 PFHERREHERN

J Trizol X 7 # B RNA, Bl RNA 2 pg,  Im-
Prom-IITM Reverse Transcriptase & & cDNA , B B3
B4 10 wL #£47 PCR, ACATI 5147 %] % 5'-
TGC CTG AGC TAC TTC TAC CCA-3' (forward) #¢
5'-CAC GTA ACG ACA AGT CCA GGT-3'(reverse) ,
PCR 4 %4 7= 4 K J& & 266 bp; GAPDH 5| 4 ¥ 7| 4
5'-CAG TCC ATG CCA TCA CTG CCA-3’ (forward)
#15'-AGG TGG AGG AGT GGG TGT CGC -3’ (re-
verse) , ¥ ¥ K 7 ¥ & 395 bp. PCR K J 4 # %
94°C T % P£ 5 min,94°C & P 1 min,55°C 3R K 1 min,
72°C #E A 30 5,35 NEF,72C 4 Z A 5 min, K
B4 R Jg , B RT-PCR 7= 41 78 1. 2% 37 flg HE 6 fi v,
KRGS, BIKA R A UVP 8 Kk B & 4
T RAMAB D BHE N EF N, A HEHWEE
5} % BB 3 B FOR A Y A8 Ok b B AR 2 mR-
NA W Rk Z 57,
1.6 ERGRRENESH

MM EE R G AR A EA R,
Ji KR B & AR IR JEAE 4, 4T Western blot 24, 41t
R B ACAT1 % 7 £ 404k ( % [ Santa Cruz 2>
#) B-actin H 7w EFAR(R N LB LY TREAR
NE]) o 5B R Labwork ¥R B 1% 007 R B AR K
VX R4y AR K AN 100% , 5 525 24 9
T fn 2 B2,
1.7 SitEHE

LI P8 AE & Fxxs kom, HE LB KA
Z oM A e 3, B SPSSIL. 0 it Z R, UL P
<0.05 HEZRHAGITFEN,

2 % R

2.1 Calphostin C 3 & KR FKIE adipophilin A B Ff
ACAT1 RIZKIFZME

Jeit /& mRNA L8 1 7K F, 7E Control ZH Al
Vector 2 Calphostin C F] LIl ACAT1 ) 3Rik; 7F
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Hi-Adi 4l Calphostin C BEH A il ACATL 13Kk,
IS0 Calphostin C B PH L AH Hb 25 A B &Pk
3¢k adipophilin J& , ACAT1 135 15t W & 14 fin

(K1), A Calphostin C 5, X} F Control 2 I
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GAPDH
ACAT1
0.8
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ACAT1 WJFRIK W3 TR, SR A AH L 22 5 A
BEM, HAN, A siRNA #15] T adipophilin [ 2
ik, WA ACATI Fik KIREEFAL(E 2) .
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0.6+ ==
2
‘@
C
3 —
© 0.4
=
o
0.24 - -1 St
S
0.0 -
ControlZB Vector4H Hi-AdifR
B
—""'ﬂ_’,(n=3) A K5 RT-PCR 455 B KI5 Western blot 455, a

Figure 1. Expression of ACAT1 in cells with high expression adipophilin incubated with Calphostin C
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Calphostin C

B actm

ControLE Vectoré—'ﬁ Scrambleﬂ

1.40
1.20

L-AdiZE

A B2l RT-PCR 5% B &I Western blot 2558, a

Figure 2. Expression of ACAT1 in cells with low expression adipophilin incubated with Calphostin C

2.2 Calphostin C 3T S B & RiX
H ACAT1 RiZHIZ

540 7 fof BR B9 1% DL, Calphostin C 475 BE 4111 1l
ACATI mRNA FIEEH 91K, JUHAE Hi-Adi ZHd, I
S5 Calphostin C P 22504 W& 1K 3) .

K adipophilin 4 i@

2.3 Calphostin C &K 3R 1% adipophilin Z i f5
ACAT1 FRiXZE W HY 31

RT-PCR F1 Western blot £ 45 B 7R, 5 Cal-
phostin C & 1 h J& ,ACAT1 mRNA 6 F %%
8 h Ji ,ACATI H FHIFUA TR 5 16 h J5 ACATI
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mRNA MEFIFAHE TR, 50 it S ER HAREEREL),
ox-LDL + S ox-LDL + + + o+ + 4+
Calphostin C - + - + -+
Marker CalphostinC  —

GAPDH 395 bp
ACAT1 266 bp
1.5+
1.09
O -Calphostin C a
0.8 [ +Calphostin C —
>
2 ¥
(2] c
5 0.6 g
¢ Zm =
° o
- —
0.2 a
0.0 L 0.0
ControlfR Vector4H Hi-AdiZE
A

& 3. Calphostin C XF 157 A8 B9 & &%
.o akP<0.05,

K adipophilin ZHAfH ACAT1 RiX

-
(]
|

ACAT1

O -Calphostin C

[ +Calphostin C

T
ControlE VectorsH Hi-AdiZE
B
k-2 ur] (n=3) A K}y RT-PCR 253, B Ky Western blot 2%

Figure 3. Expression of ACAT1 in lipid-loading cells with high expression adipophilin incubated with Calphostin C
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=

o
o)
=
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&R, akh P<0.05,

ern blot %
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ACATI i o -

P -actin s s . a— — —

TN

Tlme(h
B

A B2 RT-PCR 4R ,B EA West-

Figure 4. Time dependent changes of ACAT1 in cells with low expression adipophilin incubated with Calphostin C
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— AR I 1992 4F Jiang 7 /INER 1246 S 5 41
Jfo Ay s B — AN 425 AR IR IR A 1, 43
THAE 47 kDa ~53 kDa Z[8], Z5H 58 6. 72, )& T

FZ LN IR LA
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i J] 1Bl 2 R

TEHR As BEHL A adipophilin 19 & ik, 2R
adipophilin 5 As & /E# VI Hao 257 JE i
Sk N IEVTBR A £ 1) BE B AT 241 2124 4y B 5T,
KIUEAR B E A B E (V) £ 4618 adipophilin
PHPE Y L W0 IR 2, 5 0 o 2 RS AN R g —
2, Larigauderie o =1~ adipophilin 44
THP-1 F W4 il 75 DL S ek LDL S B J5T 7 £ (9 1%
BT, TR P H S = B H R o 51 BT T 43%
167% , LhsiRNA #llill adipophilin ik 5 , B #& 1
BRI R I, R X 5Y C 4K B adipophi-
lin 5 As B4R REVIMC AR, BAEH L
N,

W AR , adipophilin 5 ACAT If47 4 B AE
As ¥=¥F ', Forcheron %[6] e As BB o [a] msp 46 )
T adipophilin 5 ACATI , 5 BEHJE [ 2 2UAH LE, adi-
pophilin 55 ACATI ¥y ik, TATLB " ffi
PR XA AT BRI K] adipophilin 634 A4 8] i |t
73 ACAT 1Y % T B Ik, THP-1 F W 48 A &%
RAW264. 7 4l il = # 35 adipophilin J5 , ACATI 13
RIS RIS, 20 B BNk, $278 adipophilin
It ACATL F& 1 20 At P AE [ e i 25 B, AR WIF 9 485
WAHLIIESE  7E RAW264. 7 4L P, JCi8 & mRNA /K
b JE E H K, B £ I8 adipophilin £ 5] i
ACATI Rk ez, i ] siRNA 41 i adipophilin
136352 3 ACATI lREKIL,

RESR adipophilin i3 ACAT1 4 7 41 g P4 I [
PG 25 AR, B4, adipophilin A2 18 i W 4515 5 38 [
YEFIT ACATI o —A B 5 St i n)

Chen 2570 % B0 17 JIEL [ B2 £ RAW 264. 7 5
I 240 e mp R A 4 2R 55 PKC 41041l 571 ( Calphostin C)
BB (PMA) A ¢, H £ % adipophilin
R, FRAT A BT G AR TS, 2 aA adi-
pophilin A RAW 264.7 41 i, PKC 7% 4% 3% Jin,
ACAT1 Fik s m, i PKC 3 sh 751 K40 i 5 a7
DI i) 40 JEL P9 9 g o AR R, X SEF SR S, adi-
pophilin 75 i A ACATI 3k 2040 e A5 R
By, il e PKC 550735,

PKC J& 22 % 2/ 7 2 TR 28 1 V8 e, 2 4t i
WG S S EZ 0, #EBARET PKC 20Tl
0BG I DRI e I, IR T — R B R I
MBI L . TR 1LJ5 B9 PKC #EAL ATP A B iR 5k
VGRS 2R R IR ) AR 1 3 2o T Wi IS P i R Ak
SR AR AP D RE AR , 25 22 F Ak B 2
AR, Hor PKC A3 I T el 7 4 A AE W B3 A R

T T RTE As BIFFE GBS 52 JE T — AN

JITLL ASBIF 50 38 0o 1) S 300 e Sy B AR, e
IR E T B35 adipophilin 9 RAW264. 7 41
BBk, £ B PKC #0457 Calphostin C, X %8 H: X}
ACATI FOS2IH 515} adipophilin GI#2 ACATI1 FiAHY
B AT PKC 5538 . PKC #1171 Calphos-
tin C &M Cladosporium chadosponoides 43 & i >k %)
HA Z A5 VBT PKC 1877 X 4R 5 1 9 i)
), FISLEGZE R 7R |, Calphostin C A/E T 40 g 2 vk
JERISE , H 24U R 300 nmol B, A G245 X,
LA B BE W FEAE  AL B B, A 3k
adipophilin A 4 Jfd i, T A Calphostin C., fiig i 417 i
ACATI1 (363K, 5 Calphostin C %) Hi-Adi £H /]
P22 i 3 7RISR IR adipophilin A9 48 L 0
A Calphostin C, HAEINHI ACATL (Y%, 5 B
M&2H J2 Control ZHLAH L2553 381

EA I ER"  FE adipophilin 3£ J5 81 71X
B, —4~5'-AGG TGA AAG GGC G-3'f{if AL 1A
T4 HE W) 3015 7 AZ K ( peroxisome proliferator-activated
receptor, PPAR) I Jii TG4 ( PPAR response element,
PPRE) fEfE# PPAR 455 Jf 4% adipophilin J& [ Y
23K, PPAR JH¥% adipophilin kR, B ES5M
IS X SZ 4K (retinoid X receptor, RXR) JE Al 5+ i
IR TR I 0 T PRGBS L 0E W (peroxi-
some proliferator-activated receptor-binding protein,
PBP) A fiE A A4 kb vk, HATE A PBP LA 3 4
PKC BRRALAL AL, PKC {5 54 S A2 T g id PBP
R BERR AL S ECE BHESE A X PPAR (Y BERR AL 15
i, IR B JEHE adipophilin % 5% 9 H gy g s
524 B! | adipophilin J&— A8 BR 1k (10 & 1, W
PRAL AL EUTE 291 L2 AR b R4 %A i
HHEML PKC BRI AL, TSI ACATI Ay FRIA U2
—ME TS VR BE Y 3 7, (H =, 33X J7 T R DR E
A5 455 s PKC #Hl5] Calphostin C g T 14
ACATI ) mRNA M FHIYZRIL, AT LLER PKC
A REE SE52 M adipophilin 321K, 13 adipophin [
AR — L ACAT1 HYZRIA

E AN 25 KA ox-LDL, 7E 40 i P LA B 7%
BB RAT , E X AL T, adipophilin 2 ik £ |
ARG L T FEMI NG A5 , adipophilin 853k
IR, Calphostin C /5RESH] ACAT1 K3k, 54
Jil Calphostin C ZHAHEL2E R4 W EVE, FEARFIN adi-
pophilin 4R, 2445 Calphostin C J5 ACATI [
FIE TR N % IRA AR IR adipophilin ()41
JfaH  PKC #7517 Calphostin C XF ACAT1 235 (30 ]
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VEF A HA Rt er 25 Bn, E 1 h )5,
ACAT1 mRNA JFUA R I, 575 8 h J&, ACATI R AT
UG R 16 h 5 ACAT1 mRNA K2 H #5141
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