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THE W PCSKI/LDLR 3 A5 22 2 22 HIR TR (Cur Tn) B 1L AR 2 B2 N 5 IR (LD L-C), kb sl ik oA S g B R 11
S FHUED, 5. 10, 15 wmo/L3E 3 ZANMRNE S 25 mg/L LDL JLi & HepG2 il 24 h, 7RISR WA O Yty A FE 5¢ e 2
AT AL Dil-LDL $5 BRI 40 i ph JIE [ B 522 2% LDL 4 BB 00, 306 % 5% o 0 3 4 Wi S Y. (RT-Q-PCR) Kl LDLR J%
SREBP2 ) mRNA ik, &AM LDLR. SREBP2 2 PCSKQ 2 31k, Fifi 352 5% 25 JH MR e A1 FH I 5 1 48 = 4l g o4 g
WRENZ, MR IHEE(FC). SIHERL(TC) S &G, 4 A I EEEEUE £, RT-Q-PCR HIAL (71 5T ELaZe ks U 2 30,
L%t 41 (Control) EL 488, 5. 10, 15 wmo/L 22 3% 25 0 R R AL P41 LDLR 5 A R A1 i, SREBP2 mRNA Ki&/KF Tt i,
PCSK9 4 A &A%, (B LDLR mRNA J% SREBP2 & FEIA T M. 45 5K 0. 2238 MM N i f4 K PCSK9, Ji2b
LDLR B#fig. Jhim LDLR E AR, {23 HepG2 AU Ml HE I IHEFE. 125U CurTn n f&@ i 4] PCSK9 /5 LDLR ¥ #ify
PBA, (kR R 2% LDL-C 7K.

KU L WEMIREE (CurTn), K% B & 2 /K (LDLR), K% B2 IR & (1 (LDL), B 2% [ e A0 Wl Al 0 T o 2k 1 g 9 23

(PCSK9), A 15 o4 &8 1 2 B4 (SREBP2)
FRNES R363

I % B G & 11 JIH [#] 57 (low-density lipoprotein
cholesterol, LDL-C)z 2520 Jik 35 Al 4 12 O i 5 6
Ji (atherosclerotic cardiovascular disease, ASCVD)
REBEMERRRY, FUE#E, F{K LDL-C
NAE R 697 ASCVD I 2 HARE, M LDL-C
F E 4 LDL %2 £ (low-density lipoprotein receptor,
LDLR) WALAREE, 75 e A0 eI iR Bl e 4 IH
EHEL, JRRNIERRINIE LDL-C [ = ZE 1 2 Ke A,
I AR 0] I S 5 TR BT 9 R B v 7 N e A0
X2 oh, R AT RARGRTT . Ay T 584
PR 40 P P IE BT 5 i, 8k PR ML I 1) P 3R 24
V). WESCEM], AT R Y LDLR Kk M
B AIG I % LDL-C /K~F8, HFE KW T & T N T
LDLR VB4R BAA AT T (0 2 11 2 A A AT 1 2
11 9 714 (pro-protein convertase subtilisin/kexin type
9, PCSKO)M&IEW, A yT 8254 i F ) &
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PCSKO/LDLR i 5 4 Jitd py JIH [ B AC 5. 4% CurTn
TER T As SR8 apoE™” /MR, 235 FRAIK T 1 %
LDL-C 7KF,  FAE 3= 20 ik P 58 i o o AR =2 ik
Ao gk — B R ST CurTn F&AE I K LDL-C [HI1E
FIHLE], AHF9T LA HepG2 40 it sz ie vt %, &5
LDL J¢ 2%t MR A (CurTn) L M & 24 h, WLEL41
o JIE [ B FE EY . LDLR. PCSKO 4% 4k, A o H 4,
HFF R CurTn Ayl AR 1R I 25 ) 3 A B R A i

1 MHE57E

1.1 ##

HepG2 4 g ( FEIRF 27 B - 16 40 10 25 4 2740k
Pr 4 L %E); DMEM 55 9% 55 06 S I A I /1 135
(Gibco A 7]); AJETE LDL( MZEIE A F); e
O F1 DMSO(Amresco 2 ) A [ fig 52 12 5 ek I
Rl £ K603-100( Bio-vision 23 @): A J§tE LPDS
BT-931 (BTl /A w ); Dil-LDL J Hoechst33342
(Sigma 2 & ); 40 g 5 RNA H#hi #2 i 7 &
LN-0108A. Universal Reverse Transcription Kit
LR-0103A A Com SYBR gPCR Mix LK-0107BA( L
B M ARG IR A ) %RPiA LDLR
ab52818 #il PCSK9 ab181142 — #i (Abcam 72 & );
L *E4i A\ SREBP2 AF7119 —#i(R&D A #]); Bk
A YIREFR A =50, IEERURAI R S hUA
(LY T R R A wl). R 8k b el
] = 73 A ik )
1.2 SK¥45R

1: Basal; 2: Control (25 mg/L LDL); 3: CurTn
5 wmol/L (25 mg/L LDL+CurTn 5 pmol/L); 4: CurTn
10 pmol/L(25 mg/L LDL+CurTn 10 wmol/L); 5: CurTn
15 pmol/L(25 mg/L LDL+CurTn 15 umol/L); 6: EZE
30 wmol/L(25 mg/L LDL +Ezetimibe 30 wmol/L).
HepG2 41l il #E 5% CO,. 37°C 41 FH&H 10% i
ML A0 1% 75 - B % 3K 1) DMEM 15 7% 0 BE A=
K24 h J5, FRdie bk gy 40 kb B DS 3R 4k 2 5 R
24h, KA INEA, KKEH 3 K.
1.3 MO ReE

HepG2 411 i 55 7% 2 0 H0,  1x10° 4L / 4L
PN A TS CE U G T i 5 1) 6 FLAOA,  InAd B
IR H 24 h )5, 4%Z 5 PR € 30 min, 4L
O Juft 8 min, JRARZEGM 4s, Wbk, Wil
MEE, SN IR SFURORE S 2005, A0k S (.
14 MBEERAEESNE

4 HepG2 4 fuki 7= 0450, 1x10° N 4ff / L

Befh 6 LN, IARPE ZE0FE 24 h 5, Ik 6 1L
BR P AR A0 (2 1108 ANl / £L), T\ 500 wl
(507 0 SEImE © NP-40=7 @ 11: 0.1)%, i
40, 13 000 r/min B0 10 min, /NOVFERS b (i
Gors A A) B 1.5 ml E0 A, 50T 2 T
FBE, AT 30 min ZERME AP,
Ff1 200 wl ¥) Cholesterol Assay buffer ¥ fi# + ¥ JIg
U, F 10 A SR BORRT I,  424 BE 5O e I [
W A E UL EA T, 2 G AR R U 40 i P R[]
55 5 (E(535 nm)/EL(590 nm)), BCA % [ i i€ &
PRl S AEAS TR R [T A, e i VL] e (10 e i DA P
A5t H BT (B A ) P S E] E (O  IH
[ ) ) 0 R AT . ng) o, BN nglug.
1.5 Dil-LDL B0

¥ HepG2 4 fiuki 7= 2 #dl], 1x10° /M40 / L
A6 JLIR N, 29 H 24 h 5, TR IR
2% LPDS+DMEM, #-4] )i Dil-LDL 10 mg/L (Basal
BRAN), WG 3TCHER 4h, & 0.4% 4 1M3i 115
[/ PBS ¥k 2 Ik, PBS ¥k 3 Ik, % 4% % HH ik
f¥) PBS [l 5 10 min, PBS ¥t 3 ¥k, Hoechst33342
et 20 min, PBS It 3 ¢k, WA, WINPTt
FERW, 26 RIMEEMEL, Dil Jeg fu i A2 8
¢, Hoechst33342 JLdil Mk 5 i (6,9¢ ).
1.6 FHEREERSHERLN (RT-Q-PCR)

¥ HepG2 41 My 1 77 2% £030,  1x10° B b T
50 ml B5 R0, AL KW E 24 h 5, LB
M1k, TRIZOL $#£HU5 RNA, Wik % cDNA, 5l
YIFe A UL (3 1). %€ PCR ¥ #% B-actin. LDLR.
SREBP2, 95C 4: 1% 3 min, 95T 12s; 62C 405,
40 MEIA . BULFRNVAR RS, B &R EE N
AN 96 fLBR R, BEANFEMICE 3 NEAL, S e
PCR [ M.AE ABI7500(3& [ ABI 2 w]) () SE N i€
PCR %4t biltfT, HEE 3IX.

Table 1 Primer sequence for Real time PCR

Length of PCR
Name Sequence
products/bp
B-Actin F: CCCTGGCACCCAGCAC 70
R: GCCGATCCACACGGAGTAC
LDLR F: GACTGGTCAGATGAACCCATCAAAG 86
R: AGGTCATTGCAGACGTGGGAAC
SREBP2 F: CAGCAGCCTTTGATATACCAGAATG 79

R: AGGATGTCACCAGGCTTTGGAC
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1.7 ZEBIRENE (Western blotting)

¥ HepG2 4Nl M ks 77 2 X B0, 1x10° 2 T
50 ml {5 ), IARFEN R E 24 h J5, vk
fift 30 min, WA fEW. 4°C 13 000 r/min &5
Ly 15 min, FAEC LW, BCAEAFUER. 100C &
W 5min, T—20°C 1A%, 5Y%i4a AT 8% [ 43 B Ik
AT HLYK, THME 80 V KR4I, 120 V 4y Eiie;
VKB I, 300 mA 3 h R (15 2 PVDF it
. 5% g AR @ E A 2 hy it Pt N —Pi(B-actin.
LDLR. SREBP2 J% PCSK9 #% 1 : 1 000), 4°C it
A, TBST YE—Ft 15 min. A B S0 Y s
FRiCEH %R Hi( 5 000), %R E 45 min,
TBST P&/t — 4t 20 min; Tanon ECL & #8814 R 48
B, HRE A5 B-actin 11653 5 LA A& H

(1A TR R IA 7K
1.8 FitFEL

S T AS B R was TR, AR PN
T 2453 Hr, R SPSS13.0 it ik ik 5e ik, P < 0.05
hERABEERX.

2 5 R

2.1 HepG2 MARAL O Ly

CurTn 5. 10, 15 pmol/L 4t P HepG2 4il iy
24 h, M4 O Bt g B IR 5 Control L, B
CurTn W FER =4 8 e W & 36 2, B/ NROREIR
434, 30 wmol/L EZE BH 259 AL BE 24 h J5 IR IR
WEW %, 1 Control 55 Basal 41 b4k, 40 i iy i
WAL EE ).

Fig. 1 Oil red O staining of HepG2 cells treated with CurTn co-incubated with LDL
HepG2 cells, treated with 5, 10, 15 wmol/L CurTn, were co-incubated with LDL 25 mg/L for 24 h respectively, oil red O staining showed that

intracellular lipid droplets increased significantly with the concentration of CurTn increased. Intracellular lipid droplets is red, and nucleus is blue (40x).
1: Basal; 2: Control; 3: CurTn 5 wmol/L; 4: CurTn 10 wmol/L; 5: CurTn 15 pmol/L; 6: EZE 30 pmol/L.

2.2 CurTn ¥ HepG2 AREAEEEE & £ A S0
20t Pk L[] (T C) AT 25 L [ 5 (FC) 1) 58
YR ZE R 7R 15 Control(FC: (60.34+5.78)ng/pg;
TC: (82.37+5.74)ng/ug) Lk 4, CurTn 10, 15 wmol/L
AbEE 24 h J5 41PN FC. TC(FC: (97.8+5.27) ng/p.g»
(117.98 +7.64) ng/pg; TC: (104.55 +7.69) ng/ug »
(127.68 + 6.43) ng/pg) & 3% M = (P < 0.05); EZE
30 pmol/L 4t # 41 FC. TC((96.09 +7.23) ng/pg

(136.26+8.82) ng/wg) & i 3 M1 i (P < 0.05) (A 2).
2.3 CurTn X HepG2 #fiA Dil-LDL #%BRAY 520

Dil-LDL & Hoechst33342 ¢ Jt; 4 (1 &5 Bt i oK
5 Control [L#;, 5. 10, 15 pmol/L CurTn &b P41
P LT (058 W 25 1 s EZE 30 pumol/L Ab B4 41
6,925 B 2 w1 Control 41(& 3), %8 CurTn {
i HepG2 41l ftu 4 HY Dil-LDL.
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Fig. 2 Cholesterol content of HepG2 cells is detected
by Cholesterol Quantitation Fluorometric Kit
HepG2 cells, treated with 5, 10, 15 umol/L CurTn, were co-incubated
with LDL 25 mg/L for 24 h respectively, cholesterol quantitation
fluorometric assay was performed. *P < 0.05 versus control group.
I: Basal; 2: Control; 3: CurTn 5 wmol/L; 4: CurTn 10 pmol/L; 5: CurTn
15 pmol/L; 6: EZE 30 wmol/L.m—m: FC; e—e: TC.

Dil-LDL Hoechst 33342 Merged

Fig. 3 Dil-LDL uptake by HepG2 cells treated
with CurTn for 24 h
HepG2 cells were treated with 5, 10, 15 wmol/L CurTn for 24 h, then
incubated with Dil-LDL for 4 h. Dil-LDL uptake was detected by
fluorescence microscopy (20x). 1: Basal; 2: Control; 3: CurTn 5 pmol/L;
4:CurTn 10 wmol/L; 5: CurTn 15 pmol/L; 6: EZE 30 pmol/L.

g it — 0 9T 2 0 %5 W S (CurTn) {2 it
HepG2 41 Ji $& B IR B i) HL],  FeATT A il A 3
LDL-C Wb i) LDLR mRNA K 2 (1 i %15,
iR Eon: 45 Control 4, 5. 104 15 wmol/L
CurTn Jt i LDLR £ [ ik, {HXF mRNA F£ik %
S FH M, EZE 30 pmol/LFF & LDLR mRNA K
T A JRIE(P < 0.05) (K 4).

P~
)
=2
N
~

= n
o o
T T

Relative mRNA expression of
LDLR(fold of control group)
-

N

—
o
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Relative protein expression of
LDLR(fold of control group)

LDLR

B-Actin

Fig. 4 Effect of CurTn on the expression of LDLR
mRNA(a) and protein(b) in HepG2 cells
*P < 0.05 versus control group. /: Basal; 2: Control; 3: CurTn 5 pmol/L;
4: CurTn 10 pmol/L; 5: CurTn 15 pmol/L; 6: EZE 30 pmol/L.

2.5 CurTn % HepG2 #i i SREBP2 mRNA X &
ShESey:0kAl!

9T S5 CurTn 2 153 i 4% %6 /K~ 45 LDLR
T ARERIAIE Ry, FATTRI T LDLR Rk (1A%
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KA SREBP2 mRNA M M1 ikis, iR
L Control t#:, 5. 10. 15 wmol/L CurTn Jt &
SREBP2 mRNA #i% (P < 0.05), {HX} & &L

(@) 24|

Relative mRNA expression of
SREBP2(fold of control group)

S, EZE 30 wmol/LFt & SREBP2 mRNA A 4 [
JiERik(P < 0.05) (&l 5), #&7x CurTn nJ GEA & i it
SREBP2 #3557k ¥ 717 LDLR i (131538 .

g
o
T

g
[=2)
T

o
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Relative protein expression of
SREBP2(fold of control group)
=
N

o

-~ £ > p
SREEP? e M . S S B ™
p-Actin W WD S S a—

1 2

3 4 5 6

Fig. 5 Effect of CurTn on the expression of SREBP2 mRNA(a) and protein(b) in HepG2 cells
*P < 0.05 versus control group. /: Basal; 2: Control; 3: CurTn 5 pmol/L; 4: CurTn 10 pmol/L; 5: CurTn 15 pmol/L; 6: EZE 30 wmol/L. p: Precursor;

m: Mature protein.

2.6 CurTn * HepG2 ZH 8 PCSK9 & H FiX 1)
A0

CurTn J2 757 @ 1L # PCSK9 5] it LDLR 5 [
FIEWG . AR PCSKO & 1K IA, 45
K74 Control H%:, 5. 10, 15 pmol/L CurTn
20 PCSKO 25 13K 1A(P<0.05), EZE 30 wmol/L
T PCSKQ & (142 1A(P < 0.05) (8 6), #¢7x CurTn

*

o o P Lo
o © o Ul
T T T T

o
w
T

Relative protein expression of
PCSKO9(fold of control group)

o

PCSK9

B-Actin

Fig. 6 Effect of CurTn on the expression
of PCSK9 protein in HepG2 cells
*P < 0.05 versus control group. : Basal; 2: Control; 3: CurTn 5 umol/L;
4: CurTn 10 pmol/L; 5: CurTn 15 pmol/L; 6: EZE 30 wmol/L. p:
Precursor; m: Mature protein.

n] HEIE L F ] PCSK9 Hr £ IA, W0 T LDLR ¥
BiAA AR, ff LDLR 8% 13R85 5.

3 it it

T 2o 5 R D I Vs B dR . BE
fik. LDL-C W] & 2% Jf /> ASCVD F fF W&, ¥
LDL-C fE2h = B Wi o, 325K K50 A A AT
K2y, LKA LDL-C B 50% LA B flyT 28
A A BT ih ASCVD N SR )2 AL T7 2R 294,
¥ E @ ok 5w 4 Mk HMGCoA i i i
(3-hydroxyl-3-methylglutaryl- coenzyme A reductase,
HMGCR) IR, A4 i oA A [ 1) 5 R PR A1,
AT A T A% e s DKL ML 2] e 34 oA 4
1 1 2 (sterol regulatory element-binding protein 2,
SREBP2){i¢ it LDLR )3k, i i ik 41 A 46 HL
LDL, %% Ifi. 2% LDL-C /K °F- B. LDLR I
PCSK9 )& SREBP2 1) T ilf ¥ AL A, VT 283 ik
SREBP2 #i% LDLR ik & i iy, H T e T
PCSK9 [2IK 1, Aty T8 2454 5 FH R ) 2 B R A
PR, EAR PCSK9 H5g B Tk AMG145 7£ I IR
T A0TSR B Bt 5 PRI I % LDL-C /K-, ik
/> ASCVD JXURS:,  JF MU 388 I 115 A T 391 i 56 B e,
SR DAL B B 1 S e Sk ks en 5t S Al 07 035
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AW 7] PCSKO B v BEHLIARE A 29 IF R AT AE
— (1) JR BR P

55 WAV Y IARE TS e 22 0 3K 0 R IR
(CurTn)F#AIC T L3 LDL-C 7K, JFidZE As kRN,
AWFFURH CurTn AE R T 4K 155 77 HepG2 41 Jifd
AT O Ytt K 7% i IR [l 1 5 F: 34 S 7~ 400 i Py L i
A B W, Dil-LDL $EER 25 £ W, CurTn
fifi HepG2 4l U %1 LDL #%2, $/% CurTnn] fig il
IE R fu B LDL, BRI 2 LDL-C K. H T
RS CurTn FEAKII Y LDL-C f7/E TR 5, Fedl 1T
RT-Q-PCR #1 Western blotting # ¥l LDLR J
SREBP2 [f) mRNA R Fiiik, 459&W], CurTn
FF i LDLR & (1R IE, HX 3 mRNA TG 50 ;
CurTn fif SREBP2 mRNA 7K F-F i, {HAR W&
FRERIE, $#78 CurTn vl REAS & il ik SREBP2 iff
%7 LDLR H H#&IA. #— Pl it Western blotting
Krill PCSKO # F1#iA, 45 R Wor CurTn W2 14l
PCSK9 #& 1 ik, F W CurTn n] f& 1@ ik # il
PCSKO fiff LDLR £ 4 Iily 14 ik 42 B fift ok /b, 48 v
LDLR & 31k, (2dk/H AR LDL-C.

Ezetimibe F. 4t {5 H] i) 7] [ 4K LDL-C 15% ~
18%, i v] 34 Ezetimibe WU A FAAI% I 3¢ LDL-C
60% /i A7 84, 78 5T 45 H W7 Ezetimibe T 4L
20 SREBP2 ) mRNA A Hr 1 Bk, Jf: [A] I 1
1 LDLR J% PCSK9 # [ & 1A 8. AW 57 o LA
Ezetimibe = 5 FIPEXT 254, (1 HepG2 41 fiig 10
[ BRI, AR FE % KBl iE K P34 FH 5 SREBP2 %
ik, [ LDLR K PCSKOQ & (1AM . FAl
(IR 5T 45 9 5 FiT ik Muraoka 25681 J Xy S8 1% 45
F—5. [N PCSK9 /5 LDLR & ig 12 %A ,
fff LDLR WALAEER B /b, 3k i ) M2 LDL-C (¥
WK, Bl A T PCSKO £ 115 7E F 1Aty T
7% J¢ Ezetimibe L FEAGVE 2 PR, W 2205 2
HE— P B 3% LDL-C /KF-. CurTn {ff LDLR #&
IR IA I, PCSKO 5 1R IAREAR, nl LAyRHh LA
R B IR AE AN 2, BES CurTn AT B¢
NEAER, ARG R S AT st AR R,
P FZOm A )T SREBP2 [ BT 40 i #% A 1
1o (hepatocyte nuclear factor 1o, HNF-1a) (154 5% HL
H, PEL PCSK mRNA K & A #Ris, AL
LDLR ¥ B4R MR, @b LDLR S 3KRIE, (H
X7 LDLR mRNA FIATomitn, g5& A0 7145
B, $E7: CurTn Af B8 I of #1] HNF-1oos  $00 761
PCSKO s M B i /K P Rk i3k i ff LDLR ik 4

1o, ORI A SEWFTT R A TR W K 3 H
2 £ X M
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PCSKY/LDLR Pathway Mediates Curcumin Trinicotinate
Promoting Lipid Uptake of HepG2®

ZHANG Cai-Ping*¥”, SUN Shao-Wei*¥", GONG Yong-Zhen*4, OU Lu®, LIN Li-Mei?,
ZHENG Xing®, TUO Qin-Hui*%, LEI Xiao-Yong®, LIAO Duan-Fang?¥™
(Y Medical College, University of South China, Hengyang 421001, China;
2 Division of Stem Cell Regulation and Application, State Key Laboratory of Chinese Medicine Powder and Medicine Innovation
in Hunan(incubation), Hunan University of Chinese Medicine, Changsha 410208, China;
3 College of Pharmacy and Biological Sciences, University of South China, Hengyang 421001, China;
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Abstract  Low-density lipoprotein cholesterol (LDL-C) is a major risk factor for the atherosclerotic
cardiovascular disease (ASCVD). Over 70% of circulating LDL-C is metabolized by binding hepatic LDL receptor
(LDLR). Therefore, elevation of LDLR expression would reduce the progression of ASVCD. In order to study the
molecular mechanism of Curcumin Nieotinate (CurTn) reducing lipid deposition of arterial intima by lowering
plasma LDL-C, HepG2 cells were treated with 5, 10, 15 wmol/L CurTn co-incubated with 25 mg/L LDL for 24 h.
Cellular lipid was detected by oil red O staining. Cholesterol content was detected by cholesterol quantitative
fluorometric kit. LDL uptake was visualized by Dil-LDL and Hoechst33342. The mRNA expression of LDLR and
SREBP2 was analyzed by quantitative Real-time PCR (RT-Q-PCR) and protein expression of LDLR, SREBP2 and
PCSK9 by Western blotting. Oil Red O staining showed that lipid droplets increased significantly in 10, 15 wmol/L
CurTn groups. The content of Cholesterol and Dil-LDL uptake were higher in 10, 15 pmol/L CurTn groups than in
control group. RT-Q-PCR and Western blotting showed that CurTn increased LDLR protein expression and
decreased PCSKO9 protein expression, although CurTn also increased SREBP2 mRNA expression. CurTn had no
effect on LDLR mRNA expression in HepG2 cells. These results suggest that PCSK9/LDLR pathway may play a
key role in lowering serum LDL-C and attenuating ASCVD risk by CurTn.
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