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& T 1#3d Raf/MEK/ERK {5 S i# i% 1 75 HepG2 i PCSK9 RyRi%k

B oBk,m A&,E S L AW RAZ MR A, BRALE &K,F #H 400016 F K, EREFR
K bR 55— & e O 1L IR, B DR T B RAR IR B i e A I 2 T S 0 =

(FZE] HMY  eHe T AT B AL B A 5T R 8 H B/ kexin 9 AU (proprotein convertase
subtilisin/kexin type 9, PCSK9) FiE 52 m LA & or FHLE . 5k RAAFEMEME N T(0.5.10,
20 pmol/L) ZbFi HepG2 #fififl 0,24 .48 h, W5 554148 i Ji6 25 11 IH [ % (low density lipoprotein cholesterol ,
LDL-C) RS A 56 PCSKO (AR fLIE DL . SE804r (n=3) X HEZL (CON 41, 40l EH 455%) s el T
ZH(NIC 4, A 10 pmol/L BJE T THEE 24 h) s Je ity T+Je ity TH il ZH (MH 24,10 pumol/L JE 1y T 41l
Tl ER RIS ) s Je i T +Raf #PiFIZH [ PLX 20,1 pmol/L Raf | 5] (PLX4720) ] ; J& & T +MEK #fi
72 PD 41,1 pumol/L MEK 1|71 (PD0325901) | ; Je ity T +ERK 5|41 [ CC 41,1 pmol/L ERK ]l
il 7] (CC-90003) |, J5 4 AL 1 h JFHEA 10 pmol/L e T —iFF 24 h, R CCK-8 L5
RN HepG2 20 i3 14 , KR SE 30 U 240 M e RS RE 0, i1 O Yeta kil e oy T AL 35 g i, 2
FHM 26 2524035 LDL-C 5 8 7 T 9 e [a] 1 S F/E Al i . 43 %118 F Western blot 1 RT-qPCR 4317
PCSK9 L) % MAPK 3 % ( Raf MEK .ERK) 85 (4 F1 mRNA [ 3235 7KF . G e o8 e e o | EEE S i
FhFsc e (ELISA) K PCSKO 25 B RB/KF- &5 BliE el TR EE I T, HepG2 4 114775 P A e
FEAR, I HARR R THEE N 48 h [ 24 h TREH £, 5 CON 41 Lb#, NIC 4 HepG2 #fijfd ()i F5 RE J1 Fl
B SRUTAIE I (P<0.01) , 1) MH ZHAH%: T NIC 413 F5 RE S Aig DT F [ (P<0.01) . LDL-C 5 )¢y
T RIAZ M 5 223k 257 ), 3 Wy H -85 A SAH 5 /E A ( protein-protein interaction networks , PPI) #Z.0»
AU S K MAPK 38 [ ; A= 903 B A & < MAPK 36 P %) 16 1] 981757, LI 5 0 B Hh (4 I o 0 3l Jok o83 A Al
b EESEEE . 5 CON 4 b4, NIC 41 Raf MEK .ERK [ & 1l mRNA 235358 (P<0. 05, P<
0.01) ,MH ZH i AH SCER I mRNA ZRik% NIC 4B & K i ( P<0. 05,P<0.01) , NIC 44/ PCSK9 & [
I mRNA % CON 4 _|"JH(P<0.05) ,MH 41 .PLX 41 .PD 4{F1 CC 41/ PCSK9 # H Fl mRNA % NIC 1~
F%(P<0.05) . &5 Je iy T I 34n HepG2 g B AR AL R 6E /1, Hil i Ral/MEK/ERK {553 j#%
W7 HepG2 4iiffdrp PCSK9 (¥ 1k ; LAY PCSK9 ] RE 220 it P4 i o iR ) S 22 [
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Nicotine regulates PCSK9 expression in HepG2 cells through Raf/MEK/ERK

signaling pathway
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[ Abstract | Objective To investigate the effect of nicotine ( NIC) on the expression of proprotein
convertase subtilisin/kexin type 9 ( PCSK9 ) and its molecular mechanism. Methods Different
concentrations of NIC (0, 5, 10 and 20 umol/L) were used to treat HepG2 cells for 0, 24 or 48 h to observe
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the change of PCSK9, which is closely related to the metabolism of low-density lipoprotein cholesterol
(LDL-C). Then the cells were grouped into control group (normal culture medium) , NIC group (10 pwmol/L
for 24 h), NIC+inhibitor (MH) group (10 pmol/L NIC inhibitor, mecamylamine hydrochloride) , NIC+Raf
inhibitor (PLX) group (1 pmol/L Raf inhibitor, PLX4720) , NIC+MEK inhibitor (PD) group (1 wmol/L
MEK inhibitor, PD0325901) , and NIC+ERK inhibitor (CC) group (1 wmol/L ERK inhibitor, CC-90003)
(n=3). The cells from the latter 4 groups were pretreated with corresponding agents for 1 h followed by 10
pwmol/L NIC co-culture for 24 h. CCK-8 assay, cell scratch test and oil red O staining were used to detect cell
viability , migration and lipid deposition, respectively. Then network pharmacology was employed to screen the
common targets and action pathways of LDL-C and NIC. Western blotting and real-time fluorescence
quantitative polymerase chain reaction ( RT-qPCR) were performed to measure the protein and mRNA levels of
PCSK9 and Raf, MEK and ERK in MAPK pathway. The expression level of PCSK9 was directly detected by
immunofluorescence staining and ELISA. Results As the concentration of NIC increased, viability of HepG2
cells was decreased continuously, with the decline more significant at 48 h than at 24 h. The migration ability
and lipid deposition of HepG2 cells were increased in the NIC group than the CON group (P<0.01), while
were decreased in the MH group than the NIC group (P<0.01). There are 257 intersection targets of LDL-C
and NIC, and the core target of their protein-protein interaction ( PPI) involves MAPK pathway. Biological
process included “ positive regulation of MAPK activity”, and the enrichment fraction of “lipid and
atherosclerosis” got the highest in pathway analysis. Compared with the CON group, the protein and mRNA
levels of Raf, MEK and ERK were increased in the NIC group (P<0.05, P<0.01), while those of related
molecules were significantly reduced in the MH group than the NIC group (P<0.05, P<0.01). The protein
and mRNA levels of PCSK9 were upregulated in the NIC group ( P<0.05) , while those in the MH, PLX, PD
and CC groups were decreased than the NIC group (P<0.05). Conclusion NIC enhanced lipid deposition
and migration ability and regulates the expression of PCSK9 through the Raf/MEK/ERK signaling pathway in
HepG2 cells. And the up-regulation of PCSK9 may be an important cause of intracellular lipid deposition.
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kexin 9 7l ( proprotein convertase subtilisin/kexin type 9,
PCSK9) Ayl P A ] 73

PCSKO J& Fif 8 H 5% 40 8 1 K 26 LA 16
B — 4 22 SRR B Bl , PCSKO T 223 5 25 &5 1K %
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SIRBRH o FEAE B, IVRAE FR P i LDL-C
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58 KA SR A B IE T [ L BELIE LDLR £
3R, —H PCSK9 1 %k, LDLR i Kk [ fi# 1fii G
IR H AR T, S SO G 25 v i) LDL-C JG 25 44
FGROHIR, 25 R M . B, PCSK9 /]
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if ROS/NF-kB i 12 5% i HepG2 4 i tp PCSK9 1)
B HAER G, ERK T B AT REH T PCSK9 1%
PR IR HAE ERK GER/DN B ILEE 3] PCSKO 1973
A S SR, AR R 2 5 ik 7 000 &2
b, Ho g A B LR A R g . A
WFE A R DR T X i B AR B s JE Ty %
PCSK9 ik 5 & H 5 Raf/ MEK/ERK {553 # 2
] BB 2R, Ry sl Bkt AR RE AL 127 S At 1Y) SE v o

1 #MRERE

11 E&H4H

JETE T W H AR Desite BHECA FRAT] . ERRSE NN
A ( mecamylamine hydrochloride, MH, J& /& T #1J1 il 58] )
g 8 3% [ GlpBio 2 7, PLX4720 ( Raf 4 ] 5] ) |
PD0325901 ( MEK 41 % ) . CC-90003 ( ERK 411 21 %] )
Wy q i TOPSCIENCE £ [R5 {122 7], $ii-PCSKO #7
R B I Proteintech A= 9 B £ 45 B2 ®l. Bt
GAPDH Ay [ 2 [ Immunoway 23 H], B id %1k
Yy (HRP ) Hi % TG W B ALt th A2 B R A R
Al Pt Raf 470 MEK, T ERK i {4 F1 41 % B2 16 Raf
(Ser259) Ji B Ak, MEK ( Ser217/221) Hiifk, ERK
( Thr202/Tyr204 ) HT & Wy H Cell Signaling
Technology 7\ 7], TRIzol I SYBR Green I H X 7
ABclonal ¥R 23 Fl .
1.2 tmfieddinfo s 38 520
L.2.1 Zifakise  HepG2 4fifE byt 1 10%)i 4
I3 (FBS) (PP EVLIRFLEAE Y ) o G Bl R 8 s 57
5L (DMEM) (3£ [ Gibeo 24 H]) HEEFR, & T 37 °C
5% CO, WAEIRAG PR . Je i T RS % 24 40
J % B R 3 70% ~80% It , SR F & A [l Je 7t T (0,
5.10.20 pmol/L) fi) 5¢ K 4% 35 2 5 5 A [l 1] (0,
24 48 h),
1.2.2 528 dl 40y 6 4 X (CON) 4 e
W T (NIC) A Je i T+ 3y Tl (MH) 41, Je oy
T+Raf #5 (PLX) 40, Jé & T+ MEK 3] 5 (PD)
4 el T+ERK $iil57) (CC) 2., CON 2 4 i % FH A
EIE T SE R R IR I H 5 s NIC 4R 10
pwmol/L JE iy THF# 24 h; MH PLX . PD F1 CC 41435
K 10 wmol/L J& 1y T #Ii| 7] MH 1 pmol/L Raf i
| (PLX4720) .1 wmol/L MEK #1i]7] ( PD0325901 ) F11
1 wmol/L ERK #Ji#51 ( CC-90003) FWikb 3 1 h, 5K )5 5
10 pmol/L JE 1y T—ileiF & 24 h,
1.3 Zmfe i 2

A 805 & -8 (CCK-8) AT Al HepG2 4 fity

G K E A AR 2x10"/mL B 100 pL 7 A
96 fLAR SR 24 he JEl T ORISR L 1.2, BRZE b
THWE A& FBS By 15 F 8, I o 44> L m A
10 wL CCK-8 i #| ( ¥ MCE A #H]) ., 7E37 C . & 5%
CO, W FRA TP REERE IR 2~3 h J5 , 7E 450 nm Kb
WOGHE .
1.4 XREE

¥ 10° 4~ HepG2 UMM 6 FLARH . 440 0% 15
TESE IR 3 ik B 90% ~ 100% I, ff ] 200 pl £
WE R B . ] PBS Rk )5, 7E3 A FBS
TR B0 T AL EE MH 1 h, SRS 7E8A FBS #UHE 50T N
A 10 pmol/L JE i T 1557 24 ho 23 3I7E 0 h(p) A
24 h(q) ABIFICFKRYRIEEE . T H] Tmage J BAF 53
A RIRSERE . EBRIE AN (p—q)/po
1.5 Ha 0 %ée

T 4% 22 5 W (R PR ST R A BB AT R
A]) [E5E 15 min J5 , 4 8085 = ATMZL G (R R
AR R ) 8 ~ 10 min (B 36 31 8ED0) , I I 2%
K TES . I 75%RE AL 5, 95 ARE CRIUA 3R
YIRS A FRAE) Y 3~8 min, JHZEWAKMEE G, T
RIS AL IR 1 s, ZR K vh e, 20K 7
PRI W0, P 28 1Rk oh v o 2 L H il e (i
WABAEMREARAF) &R, BRUEME,
Image J AF03 M BT A 45251 sl ek 3138 — A BT ob g
AR T AR, Sz 4 P e LA A T AR L
1.6 M %2532 5 547

iz Ff} PubChem %4/ £ #11 Swiss Target Prediction %
PRPET e e TR TEE s 7E GeneCards $i4fg J% i 1
% B2 I 2 1 I T A A SRS R Uniprot 25 A
HEACESCHE X AR DGR s AT 58— %4k, ] Venny2. 1.0
VR SRS B L H, G A String B8 12 DA AG 28R
Ji-2E 1 5 AH HAF I (protein-protein interaction networks,
PPL) (4 18], i 3o fAE A5 7 8 0 3 520 1 AT BE
AR (gene ontology, GO) HUHRFEH 5L 41 A FF 4
(Kyoto encyclopedia of genes and genomes, KEGG) & 4
T, A5 B AR A S B AR Y0 72 (Biological Process) Fll
WBPESHr (Pathway Analysis) , fxJ5 S A Cytoscape3. 7. 2
A AT AT 23T
1.7 &G J %% ¥p i ( Western blot ) 46

R b PR ) 200 DA S R e ) 8, OF T PBS Bk
3. BB FR ML & A & B0 (12 100) FI#E
FRBEHI 7] (1:50) (AL Ht RRFRHHEARA ) i 40
N 2L (RIPA) 120 L (FE PRSI A I RHECAT FR 2
A]) JFTE 4 CHFEIR FlCE 20 min, K HHUA 40 AE
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12 000 r/min .4 C Z.[» 15 min, R 5 IEE F s G ITE
it BCA ¥ ( BB RAEVHAGRAR) M E#EH
JHe e o 20 g ABPEER EIIAE T e SR IR B 2R
PRI T PR 5 J H k) B L v, R B A 1 RS 3 2R
I L (PVDF) B o &4 0. 1%-20 i (TBS-
T) 1Y Tris ZZ s ER K PEVR B, 7 2 1 T 5% 193G 4
WA ZRE R BRA F]) £ 1 he A TBS-T ¥
VeJE BB S 4T PCSKY HiifAk (1:2 000) 470 GAPDH 4t
fR(1:5000) . Ht Raf HL{K (1:1 000) 4T MEK Hi ik
(1:1000) Ht ERK HfK(1:1 000) FHFTHERR AL Raf 47
A (1:1000) , AR L MEK $itf4 (1:1 000) , Hii#fk
ERK H{& (1:1 000) —&7E 4 CHHHIK LI E K.
55 2 KA TBS-T PEixk /5 NS HRP $i 4 1gG(1:5 000)
TEZM FHEE 1 ho 45585R M Fusion B AFEAT 204
1.8 RT-qPCR #|

R Ah ) 325 7 B 225K, Trizol $2ICE RNA, RNA
F 4 BE B T 260 F1 280 nm &b AW G RE LR, i
Applied Biosystems( 3E[E Thermo Fisher Scientific 73 H])
S 37 CF 2 min, 55 CF 15 min 1 85 C |
5 min, B RNA S 5% 5 s 5 #b DNA (¢DNA) . SYBR
Green 5 H AR K51 ¥ 1 cDNA — i F F Bio-Rad
CFX connect SZi 2 58 ( 22 [F Bio-Rad /A %] ) . qPCR J5
% 4:95 °C 3 min, f{H 1 YK ;)5 95 °C 55,60 °C 30 s
iEEF 40 o 51 F 1R - PCSK9 IE [ 5'-GTACC-
GGGCGGATGAATACC-3', Jz [n] 5'-TGCACATTCTCG-
AAGTGT-3"; Raf JF [] 5'-GACTGCCCTACATCTGGAT-
CAT-3', )z n] 5'-GGTTCTCGTTGCCCAAATTGATTT-3';
MEK JF 1] 5'-GGAGAGCATTGAGATTGACCAGA-3', [z
m] 5'-CCAAGTTCTCCAGGTCGTTGATT-3'; ERK IF [
5'-GTGTGCAGATCCAGACCATGAT-3', J% [n] 5'-TGCA-
GCCTACGACCATGAT-3"; GAPDH IF ] 5'-GGGAGT-
CCACTGGCGTCTTCA-3’, % o] 5'-GTCCATGAGTCCT-
CCACGATACC-3', f#i fH SYBR Green [ %¢ )6 {H 8 i
270 5 ARAT RNA BAR ki o DAHHIEE 3-
Jiit U (GAPDH) 1) RNA ik gAE N NS,
1.9 & 3k abm

TR R BRI AR T R a) i — [ B A
50 wL Triton X-100 ( [ BioFroxx /A #]) , 7E % i F %
20 min, Jf] PBS %% 5 min, B4 3 k. 7ERIE H 0
A 3% 1L H & H (BSA) ($8[E BioSroxx 24w ) ¥14]
B aa P PRSI T % 5 30 min, FREREE ) B A
W5, ¥t PCSK it (1:500) (SE[E Abcam A 7)) 7
MBI b, I I TE 4 CRORAE I T 8.
BRI TERE IR EVE S min, A 3 W, TG B

PR ALY (HRP) Hi/ B 1gG 72 20 24k 2% 1K
R DR PRI R 7R R T E 50 min, ]
A 4,6- T - 2- | W (DAPT) (I FE 4R B
PR A R A BP0 2 56 K ) (3£ [E Southern
Biotech 24 F]) ##i BT, TEZG WG T WSS A
FHUHE 1% . DAPL e () 4 i 42 ok 5 €4, PCSK9 3
IRNTECPRCILL A, A 45 840 1] Image J 4 i3F
GYiIe

1.10  BRBX %.9% "R M 5 36 (ELISA)

R 3 7 40 1 B {8 DT 2 1 AL Tl Al R A
FE A kexin 9 A (PCSK9) ELISA {7 & ( E K52
FARRAE YR A BR 23 7)) K5 PCSK9 7E HepG2 4 Jifd
2 FIFW P RIL
111 %t 354

{§iF GraphPad Prism 8. 0. 2 #4347 5048 45110
BrFngslEl s Bl Db x+s 0K, R SR &R 7 22 73 it
TTZEIE ., P<0.05 POA N EAGI#E L, A
FiFEE ok B 3 AN S2 8

2 #R

2.1 o+ T alk st HepG2 m i 7% 1 & PCSKO % ik
O]

CCK-8 SZim 5 R E W], M Je iy Tk FE <5 wmol/L
B, 20 M P = T 90% 5 X5 e ity T EE>S wmol/L i,
RS PE SR TR, BB E 48 h [k 24 h FRFEHEZ
(K 1A), RT-qPCR Fl1 Western blot Z5 R B/~ , e i T
BEE 24 h ,5.20 pmol/L JE i T A3 /5 , PCSK9 mRNA
MEHRBEZEF TG #E X, 10 pmol/L el T
B3P PCSK9 mRNA ( P<0.01) FiIFE 1 (P<0.05) 1y
B (K 1B.DE) ;10 wmol/L JE 1y T Hi SR 41 il 24 h
J&i ,PCSK9 mRNA ( P<0. 01) F14E 4 35 (P<0. 01) 1
Jn, mikER 48 h J5, PCSK9 mRNA FI#E (%K L4t
725 (Bl 1C.D . F), #7810 pmol/L J& 1 T #4557
HepG2 #iijffd 24 h "I1ER f Bem L 451
2.2 RoET3Ae HepG2 tm it £ 48 /1 AT 8k BE L i AR

QIR 20645 B on , CON ZH 41 it 3T F8 %8 < 5% , NIC
HiTBHRY) 18%, MH TR L 7%, Je il T W%
K4 HepG2 Ziiffd 24 h (1yiE#fE )1 (P<0.01) , 3f Hm
AJEHT T 0 (MH) J5 , 20 J i 32 7% 6E 0 W I s 55
(P<0.01,[8 2A B) . 704 O Jeta HI T4l HepG2 4f
Mirb B iE BT (18 2C) o fE s B KB, 5 CON
LA, NIC 411 ~F- 24 K BEAE () 8 hm (P <
0.01) s iIMA MH 5, - K FEAE (JR iR ) X % T &
(P<0.01,¥2D) . $#&/RJE 1 T #25 HepG2 4 fiiT %
REJT, I AR AR 2R o
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A:CCK-8 &b £ 85 B. R Bl ik E B+ T 422 24 h J5 49 PCSK9 mRNA %% ;C:10 pmol/L & T £ 32 R B i 14 j5 49 PCSK9
mRNA %% ;D: Western blot # RER ERF TH B T FRARE G e PCSKO & @ 25 E. RRAKRERFTARE 24 h
J& PCSK9 & & & ik 84 ¥ 2 3473 F: 10 wmol/L B+ T 43 R F 8 14 5 PCSK9 & & & ik 09 F 2 5 o #7

1 Tt HepG2 ZHARE E K PCSK9 RiZH#Mm
CON 4 NIC 41 MH 2H

=

100 pm 100 pm 100 um
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3 ;
N IR,
<100 ‘Lmv 2 & §(—) u-m. 3 ]._OQ.;Hmn
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e 0.10 b
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T 0.05 -
0 -
2 CON NIC MH
A 215 B

1507

RSV XD

CON NIC
4151

MH
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a:P<0.01,15 CON 1}k ;b P<0.01,5 NIC 28 1b4k
s XDE L IAAAN L AS AL 1B RIR I F EF o Coib i O e &AM AR St AR Deshir O e & 16 3 2 3 447
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BT %t HepG2 40 AT # sE 1 F0BE B FR

sEAl)
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2.3 LDL-C Ao ¥ T 3e.5 69 i ik Fo W 45 25 22 52 57
Venny K455 BIR : 2 %&TEEFJ%L&)EETE, =
A 380 />, LDL-C 94 i o 10 322 4>, Hrp, —F W
AR R 257 A, 5 B 2. 5%0 XF 35 i HE Hi
E’ﬁ%uﬁﬂ,ﬁ EAT IO 2 [T 3, A B 05 5 iR 7
Ak f4E ALB(E=130) AKT1( fE=129) SRC(FF=103) .
EGFR( i = 97) . CASP3 ( Jif = 83) . HSP9OAAI1 ( fif =
82) IGF1(JE=74) MMPO(JE=73) ESRI(E=93)
PPARG(J#=71) MAPKI ( &£ =68) Fl CCL2( Jif =64)
F (I 3A) . GO AWt Bt R & 0 8 Em =
SRR W RO A X AR TR Ay TR 5
SRS  MAPK 35 P %) 1F [m] 98957 ZE 842 )

RS K kAR AL 1 B A o B i, LS 2 AT AR
AR TP AR R A (B 30)
2.4  RETTigiE Raf/ MEK/ERK 43 % i %

Western blot Y7 53 Hr /s : 5 CON 4] b,
NIC 2 Raf MEK ERK (8§ 88 fb 8 (A Rk i1 b
P (P<0.05,P<0.01,P<0.01), JiA MH J5, et
TR F P Raf MEK ERK F9 R 16 85 11 AR X Rk
=2 FPH (P<0.01,P<0.05,P<0.01, & 4A .B),
RT-qPCR J3#f 7 : 5 CON #H %5, NIC #2H Raf MEK |
ERK (1) mRNA Zik#R34 5% (P<0.01) ,MH JJH|55 1%
FhEsRIEH (P<0. 01, & 4C) o $&R e T3 M T iif
Raf MEK , ERK 3[R %% 5% K 3 3f 4 1% 7 Raf , MEK |

aY s L . 1
WSS 8 2 (& 3B) . KEGG @it “if  ERK ZIRpIBER I
PGR MAP2K1
PTPN11 ANXAS
KIT
Y @ ® -
oAt ‘ ‘ —
AR 0 ‘ NR3C1
GRB2 2
MAPK8 ‘ PPARA
CXCR4 ‘ ‘
PIK3R1 MAPK14
cCLs MMP2
JAK2
A
Biological Process Pathway Analysis
response to lipopolysaccharide . Lipid and .
response to molecule of bacterial origin . Count Prostate cancer - { ] Count
¢ 16
muscle cell proliferation L ] ; = Proteoglycans in cancer 1 4 . i ® 20
30
@
intracellular receptor signaling pathway . 35 Endocrine resistance 4 L . 28
@
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