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[ ABSTRACT] Aim To investigate the inhibitory effect of berberine on the proliferation of human umbilical vein en-
dothelial cell (HUVEC) induced by oxidized low density lipoprotein (ox-LDL) and the changes of related signaling path-
ways. Methods HUVEC was cultured in vitro, and the proliferation of HUVEC was stimulated by ox-LDL and inter-
vened with berberine at different concentrations. The inhibitory effect of berberine on proliferation of HUVEC was detected
by cell counting kit 8 and EdU incorporation experiment. The expressions of related genes and proteins and the changes of
signaling pathway were analyzed by real-time quantitative PCR and Western blot. Results In a concentration depend-
ent manner, berberine (1~50 mg/L) significantly inhibited the HUVEC proliferation induced by ox-LDL, and reduced the
expressions of proliferating cell nuclear antigen (PCNA) , nuclear factor kB (NF-kB) and lectin-like oxidized low density
lipoprotein receptor-1 ( LOX-1).  These effects were associated with decreased phosphorylation levels of PI3K/Akt,
ERK1/2 and p38MAPK signaling pathways. Conclusion Berberine inhibits the proliferation of HUVEC induced by
ox-LDL through the down-regulation of PCNA, NF-kB and LOX-1 expressions. PI3K/Akt, ERK1/2 and p38MAPK sig-

naling pathways are involved in this process.
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Bk ik AL i 4k (atherosclerosis , As) 42— FERIR
AR LA DK B 052 1 8 A O R IE A IR 2 AL
U B R 8 H (oxidized low density lipoprotein , ox-
LDL) AJ5-5 W 20 i 1l o TR 40 ., fioh & 2R A e
N7, 78 As FE R R R SCHEAE T . BT it sE R W],
SRAE5 IS PN A0 o 3 5 % 1 A ) R B
IR SG ; A1, A8 P B ik BE 34 59 AT RE = As MO I
PR E R BEAERSE K B, ox-LDL 7 il
i1 RhoA #7534 5% NADPH LR, I 54 J
N AE G PR AR, I A 22 B0 AL 2R E O (mi-
togen-activated protein kinase , MAPK) i BEAR HE N 7
AR R AN ox-LDL 755 1Y P K2 20 it 34
FE TN As 3677 YT AEE I AL

INEERS IS — DA A /N BERE B b B
R RAR S s kA W FE B R BRI T
TN 2 5 A, ANBERRE BA SR B
A& Bt e U A REARAR 2% B2 R 2 1 (low density lipo-
protein, LDL) 23497 1F 7 SATHT, /N SERARS S5
ARG IS A B2 200 J 184 B 1) 52 Wi B 73~ BIL I o A 5
B, AWTIE B IR/ NEEGIXS ox-LDL i3 1Y
IR K PN EZ 2 i ( human umbilical vein endothelial
cell,HUVEC ) ¥ 58 119 5% i S FLAH OC 15 5 38 %, LA A
/INBETROS As PO I A8 0 55 Y Il PR YR T S At 5
B s AL A

1 M#EFTE

1.1 iR

M199 %7 3% £ & 4 i ¥ (fetal bovine serum, FBS)
W] B Gibeco /A 8] (Grand Island, £ &), M%& A & 4 i
4 K & F (endothelial cell growth factor, ECGF) 1§ H
Sciencell 2~ & (4t 7%, #F B ). 1Y294002, U0126,
SB202190 . %, % 7 [ 1 70 5% B k. pd4/42 ( Thr202/
Tyr204) A p44/42 08 B 1 Akt (ser-473) 4 Akt
Hi Caspase-3 ., 970 % B {t. p38MAPK ( Thr180/Tyr182) |
71 p38MAPK | 470, % 7H 41 /i, #% 41 J& ( proliferating cell
nuclear antigen , PCNA) #2370#% & F kB ( nuclear factor-
kB,NF-kB) FL 44 /N B3 56 [ G0 7K 478 B-actin FT 1 Fn
AR BN BT PR BIRA A E Cell
Signal Technology /A & (Beverly, £ E ), % % % &t
K EERFEAMNRIRE E R A LK 1 (lectin-
like oxidized low density lipoprotein receptor-1,L0X-1)
JLAE B Abcam /2 5] (Cambridge, 2 & ) ,
12 LDLHSEERL

1R STk BTk 7 %k, $1 4 A 89 LDL A ox-

LDL, A AT & o 3¢ o $2 5 LDL, 3F A 0.22 pm &
# % H ., LDL A 4 5 umol/L CuSO, # 7. Z & M 7.
B (ethylenediamine tetraacetic acid, EDTA) % % 7K
T 37C T 5 8 h #4TH A, #m )\ EDTA {4k &
7 %] 100 wmol/L #1F & ft, F 4 0.1 wmol/L EDTA
MEBZAKTACKEEHBNUBR EHE T, ox-
LDL T pH 7.4 # 10 mmol/L Tris-HCI . 0.14 mol/L
NaCl #70.5 mmol/L EDTA # 4°C T # Xtk 7, 7 JH
2 B,
1.3 HUVEC BJ3E3%

HUVEC ¥ 8 Sciencell A & , % 2= T4 10%FBS,
10 pg/L ECGF #2 100 kU/L % & -4 & % th M199
B or HH,37C 5% CO, 1 95% = 5 41 T % 5=,
ox-LDLF| ¥ 523 . HUVEC 4 K £ 80% @k & & , # /R 1
4 ECGF 1 2%FBS 34 38 8 6 h, A 5 Fl A Bl ik &
t4 ox-LDL( 10,25.50,75,100 mg/L) #% & F [& i [
(3.6.12.24 48 h), ¥4 52 % . HUVEC J /N EERL(1.
5.10.25.50 mg/L) # 4 #2 1 h, B 4 ECGF # 2%
FBS ¥ AAHE 6 h a4k E3 R 24 h, #H| A L5,
28 g, JF| % FI5 Bt LB 3 3% B ( phosphatidyl inositol-3-ki-
nase, PI3K/Akt ) 3 %] #| 1.Y294002 (25 wmol/L) =
MEK1/2 #74| %] PD98059 (10 wmol/L) =, p38 1 %1 7
SB202190 ( 10 pmol/L) T 4 #, & fm A\ /N B 5
(25 mg/L), IE% 4.4 T 4 10%FBS,10 png/L
ECGF #1100 kU/L % % % -# & K #y M199 55 7= 3t
gk, X 40 M T F 4 ECGF 8y 2%FBS 3 3% 3
R, B K E ox-LDL 4. 40 i £ 4 ECGF
29%FBS B iR 3 N F B K JE ox-LDL 4L
i)
1.4 CCKS iEH il 20 A g 5E

28 i, ¥ 78l 40 Jie 3T 30K 7| & 8 ( CCK8;; Dojindo
NE] R ED M E, B4 LA 100 L R AR 4 5000
AN 28 LB % JE AT 96 FLAR b, A ox-LDL F/ 8% /)
BERALHE 24 h, WA AL AN 10 wl CCKS8 ¥, &
EREFEE 1~4 h, ABARMN (L, E3HA) N
7 450 nm 4 B9 % % Z (optical density,OD)
1.5 EdU HE7ELE

HUVEC ¥ 78 A 5-7 % -2’ L & & % e % 3
(5-ethynyl-2'-deoxyuridine , EAU ) #F i€ 4 M| X 7] &
(Ribobio &, # B ) #A4TM &, M2 —F iz
K44, 7E DNA By & a3 2 P A 38 3 20 i 33 78 T 40
F N\ DNA,EdU %t 4~ F 09 m N\, 1 3 55 04 20 B, 7%
KA, M F 50 wmol/L EdU F 37°C 5%CO,
FHTHE 12h, A FHATEE ZE M EJU 346,
20 4% . Hoechst 33342 (5 mg/L) %%, 30 min, %
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Ja o4 R £ £ % (Leica Microsystems /A ] |
BE) THEHM,
1.6 ERRHEEE PCR

Jf Trizol & 7 ( Life Technologies /A 7], % [ ) £ B
YA, & RNA, i Access RT-PCR X 7| & ( Promega /A
7, £ E) AT LKL EE PCR, & PCR 5141 %
7| .GAPDH Lt J## 5'-CTCCTCCACCTTTGACGCTG-3', T
J# 5'-TCCTCTTGTGCTCTTGCTGG-3'; PCNA L jif 5'-
CACCAAACCAGGAGAAAG-3', T # 5'-TCCAATATG-
GCTGAGATC-3"; LOX-1 _t # 5'-TGATAGAAACCCTT-
GCTCG-3', T i# 5'-TTGCTTGCTGGATGAAGTC-3'; NF-
kB b J# 5'-TGGACTACCTGGTGCCTCT-3', T i 5'-GT-
GTTTTCCCACCAGGCTG-3'; PI3K + J# 5'-CCAGGCT-
TCATATTCCTA-3', T # 5'-ATGCGACTGGTTTCCTTC-
3, FTA 4R Melt i & o, € B4 KA 2722
%, VA GAPDH By &k 1EH W&,
1.7 ZFEARRELE Western blot 531

REXw" Ry A, RREREE G, AT
Western blot, Y& % 28 4,500 ¢ & % 4 4C & 0 10
min, F_FF ENREETAHE GBS A6 H
fL vk £ ARCE 10 min, 34 FE 5 min 7 iE R
A EET 30 s, 12000 g HLF7 4°CHE R 10 min, ¥
LEEBRFOECEY WAAREE AT, A
Bradford £ #1T%& 5 € &, B 30 pg & &, X\ 5x
SDS %t g b FEZ ik, & S min J& , #AT 8% ~ 15%
SDS-PAGE ®.ik, Bk G, ¥ & a#HBE R ALK L,

ox-LDL #li# HUVEC 3h

ox-LDL %Ii# HUVEC 6h

FH 5% 4 4mE 2 h TBST 6% 3 X, %K 5 min,
RAEBELS - ACERBHIR, TBST K3 K, &
K5 min, BAEES 4 EBER B E 2 h, TBST i
3 K ,4 % 5 min, F|Jfl ChemiDoc XRS % % ( Bio-Rad
NE L EED TR,
1.8 Fit4#h

HEHR U vxs Ko7, 48 LB KR F £
Kot 4 %, tr SPSS 12.0 40T 3 #F %E &, P<0.05 % %
RHETFEXL,

2 &% R
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Hfi5E ox-LDL %t HUVEC f52 0, 78 LAl 414
(R ECGF [ 2% FBS #5357 38) T, TATH R [F
& ox-LDL(10.25.50.75.100 mg/L) b ¥ HUVEC A~
[RIAFE](3.6.12.24 48 h) . FH CCKS 257 &l & 4
P3G FE , ox-LDL AR ] 0 7] 22 40 e 1) =X
¥ HUVEC #4586 (& 1) . ] ox-LDL 4L 3 24 48 h
J& ,HUVEC 582 W&, 51EW M, a3
48 h [T HE 40 HUVEC B4%E R i 2 1 [, R K3
B TR T 80 B0 AR, 5 1E W 4L R R
HAAEE, ] 50 mg/L ox-LDL 4bHH 24 h 0] & 34 n4n
Fos 5, P, 3Tk TR AL AR F T 50 mg/L
ox-LDLANBRANAT 24 h PEF7 )5 L2505
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Figure 1. Proliferation of HUVEC induced by ox-LDL is determined by CCK8 assay
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)R, A5 A LDL A0 BT R ek A fb
LDL Al ox-LDL Xt HUVEC fJ52m, HUVEC 435 H
AIFIHE LDL Al ox-LDL(10.,25.50.,75.,100 mg/L) &b
L5 HA 100 mg/L ()RR LDL XF HUVEC 3454
AR AER, HoAthyk BE KR LDL X HUVEC 34515 IG5
Wi, 17 ox-LDL B ¥ BE 12 1. 32 3 5 HUVEC 13
B, W S T A g R AR AR (B 2)

A Xt BB ZH LDL 10 mg/L LDL 25 mg/L
LDL 50 mg/L LDL 75 g/L LDL 100 mg/L
B 3} BR4H x-LDL 10 g/L ox-LDL 25 mg/L
ox-LDL 50 mg/L ox-LDL 75 mg/L ox-LDL100g/L
C 3.01
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Enl

R A

O &
P & LG LS
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2. X%k LDL #1 ox-LDL Xf HUVEC M @
BEEIBORAEECH 100, A ARFVERE LDL 468 HUVEC 24 h; B AR
[F]# % ox-LDL 4L P HUVEC 24 h; C & CCK8 &1 € A Al e )& LDL
1 ox-LDL ZH HUVEC 24 h XF 4TI 58 19500, a y P<0.05,b
P<0.01, 5% R4 Hg

Figure 2. Effects of natural LDL and ox-LDL on prolifera-
tion of HUVEC
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) HUVEC 3478 (2200 ; B.C o Edu AR 25 mg/L /NBEBE AT ox-
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ZHH# e A P<0.05,d 2 P<0.01, 5 ox-LDL 50 mg/L 411045,
Figure 3. Berberine inhibits the proliferation of HUVEC in-
duced by ox-LDL
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FIRMFEM, HUVEC FH W BEB6 BE 1Y) /)N BE Gl 71 Ak 21
1 h, 55 ox-LDL JL:[FIFH 24 h, SEAFEOEE = PCR
gER IR 5% AL L, ox-LDL & 2 34 il HUVEC
H1 PCNA , NF-kB, LOX-1 1 PI3K mRNA 7K (P <
0.01) , i/ NEERR S Vi PEARS P b A B A (BT 4)
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Figure 4. Berberine inhibits the mRNA expressions of PCNA, NF-kB, LOX-1 and PI3K induced by ox-LDL in HUVEC
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1 2% B 22 11

TATHHEST T ox-LDL %} PCNA  NF-«kB LOX-1,
PI3K/ Akt ERK 1 p38MAPK 1551 B& (1 520 , Sz /)N
BEmRGT AR R A I EIE A X IR I,
ox-LDL 22 5 5 AR 1 b (. 35 3% i PCNA  NF-kB Al
LOX-1 33k, H @ 1 Akt ERK Fl p38MAPK [
BRI (B 5) o ZINBERR 2 Vi AR A5 P 1l 410 1 ox - LD
%31 PCNA NF-«kB 1 LOX-1 ik, Jf B @ &K
Akt [ERK 1 p38MAPK [W#R L (K 6) o /NEEmRIA
25 mg/L B XF b oA L DR R B B R e (P <
0.01) , I HEH] 25 mg/L /NBERR AT 5 22 5256

J T #E— 3 E5E PI3K/ Akt ERK Fl p38MAPK
{5558 B AE /N EEB BT ox-LDL 55 19 HUVEC 3458
o VR T, FR AT FH LY294002 ( PI3K 41 1 7)) |
PD98059 (ERK1/2 #ll il 71 ) #1 SB202190 ( p38MAPK
il ) AT S 2L S ., HUVEC H LY294002
(25 wmol/L) . PD98059 ( 10 pmol/L) #1 SB202190
(10 pmol/L) TRALER 1 h, F-hIA/NEER (25 mg/L) ,
SRIG A ox-LDL(50 mg/L) % & 24 h; Western blot
oY, CCK8 L4 4% H i 7x, LY294002 ., PD98059 Fil
SB202190 A 43 558 i /NBERF N ox-LDL 755114 Akt .

ERK F1 p38MAPK i & £k i 4 i /E F | HL AT 35433
e /NEERR AT ox-LDL %5 5 A HUVEC 3448 A% 300 il 7
HE 7).

3 3 ik

YA L RSB SR As DAL JERE 55 22 R IR YOG
SRR — A R0 ] 200 6 5 B IR 2R 1Y)
HRAHE T, ASHIFSE K R, /1N Bk 2 711) 0 o 44 400 o)
ox-LDL 55 HUVEC Y45, H./NBE ik ] 38 1 41 7]
PCNA | NF-xB, LOX-1 Ay 3 ik K F& (% PI3K/Akt,
ERK1/2 Fll p38MAPK {55 38 % i 1k R 4% ox-LDL
V0 HUVEC 3858, %098 25 A /N BERF M ) 20
LR FEAE FH S v AE AL ) O T % BRE AR SR i AT T
—E AN,

FEFEWTSE R W, ox-LDL 18 i1 il % NADPH % 1k
filg = A T PR G /N GTPaseRhoA ™' MM 75 &
HUVEC 458, tbabh, Hrili i 5% & B ox-LDL Fl LOX-
1 A5 R BRI T T JUL 200 B 346 5 R P B 40 L
15,16 As g B AR BEUE R R AR N AR
SREE R R ox-LDL RE W E N HUVEC ' PCNA |
NF-kB il LOX-1 7 mRNA I /K FigZik, H
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Figure 5. Ox-LDL increases the expressions of PCNA, NF-kB, LOX-1 and the phosphorylations of Akt, ERK and p3SMAPK
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Figure 6. Berberine inhibits the expressions of PCNA, NF-kB, LOX-1 and the phosphorylations of Akt, ERK and p38MAPK
induced by ox-LDL
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Figure 7. Berberine inhibits the proliferation of HUVEC induced by ox-LDL through PI3k/Akt, ERK and p38MAPK signa-

ling pathways
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