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- %% o #¥Prd] LDL § *F % > 1% relative electrophoretic mobility (REM) shift
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Berberine, a natural constituent of plants of the genera Coptis and Berberis, has several
anti-inflammation and anti-cancer biological effects. Cancer is the most common cause of death
in Taiwan, and followed by atherogenesis-related disease. In this study, we found that berberine
could significantly inhibit cell invasion/migration in cervical and breast cancer. It may through
the inhibition of matrix degrading enzymes, MMPs and u-PA. Further, a treatment of berberine
also resulted in an inhibition of the activation of p-JNK1/2 and p-p-38. In order to confirm
whether the activation of above proteins regulates SiHa invasion ability, we used specific
inhibitors: SB253080 and SP600125 to clarify that JNK1/2 and p38 signaling regulate expression
of MMP-2, cell motility and cell invasion of Si Ha, and JNK1/2 signaling regulate MMP-2, u-PA
expression and cell invasion. Finally, an in vivo anti-tumor study using nude mice (BALB/c nu/nu)
xenograft model by a subcutaneous inoculation of SiHa cells was performed. The average tumor
volume of treatment groups was statistically lower than that of the control group. Berberine was
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also evidenced by its inhibition on the lung metastasis of SiHa cells by tail vein injection in vivo.
Moreover, berberine exerted anti-angiogenesis activity, such as inhibiting tube formation, and
cell migration of HUVEC cells, and it may combined with anti-invasion activity to prevent
cancer metastasis. Additionally, berberine decreased cell viability of oral carcinoma cells and
lung cancer cells via anti-proliferaion and inducing apoptosis. In the other subject, we evaluated
the anti-oxidative activity of berberine and how berberine rescues human umbilical vein
endothelial cells (HUVECs) from oxidized LDL (oxLDL)-mediated dysfunction. The
anti-oxidative activity of berberine was defined by the relative electrophoretic mobility of oxL.DL,
fragmentation of Apo B, and malondialdehyde production of the Cu*'-mediated oxidation of
LDL. Berberine also inhibited the generation of ROS, and the subsequent mitochondrial
membrane potential collapse, chromosome condensation, cytochrome ¢ release, and caspase-3
activation induced by oxLDL in HUVECs. Our results suggest that berberine may protect LDL
oxidation and prevent oxLDL-induced cellular dysfunction. In conclusion, we have demonstrated
the prevention and its mechanism of berberine on LDL oxidation and oxLDL-induced endothelial
cell dysfunction. Otherwise, berberine also exerted a fine anti-cancer activity, such as

anti-invasion, anti-angiogenesis, and anti-proliferation.

KewNord - berberine; metastasis; atherogenesis; oxLDL; endothelial cell; apoptosis; matrix

metalloproteinase (MMP); urokinase type plasminogen activator (u-PA)
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PP A ZZBRFE I LRE2EE 2 HINES ~SRIERESN o R F 1§ wie £ W A
#2387 - &lwe k= (apoptosis) ¥ £ B ¥ o 4 (proliferation)iy 4 o ¥ ¢ > Ltﬁi%%y AT
g mE P o R mﬂa;ﬁd Al v FOKfREEE R A fRmre b RF > E R nve LR R
m Fe o ko e Fﬁé%"rmé\ Bt e B Al o B e el B—_L_\‘F‘ré,\ﬁ””ﬁ MepEz > ¢ 357
serine proteinase ~ matrix metalloproteinases (MMPs) ~ cathepsins ~ plasminogen activator (PA) »
#¢ MMP-9~MMP-2 2 u-PA A A AWSBRDFFLE &5 > HRpaZiz #4857
B %o Bl rERmie AL ¢ Glid MMPs LA A 8 pF 5 &8 MMPs 7 ¢ A3 4c > @
MMPs & 36 & 2517 & 3% R v ’¢%ﬁﬁﬁan@w£vﬂwﬂ 1 MMPs >
e R AT RITANERrBE# » LLR AWM ERoe FEARE  d n g8 > 2
Som EEH 2P a6-19]

ok FECARAE R RIS ERREL R SCHFEFSASTFZLF o252 L BRNE
MRz (8 Flet s BAFKDIEE &Rk 0 A - B FRASDHAE - %A
(atherogenesis) &~ 4 7R 4| ik Pl 248 L& J o A T BT ~ RIEE K2 REG o
& PR 0 (s & e F 5142 2 (thrombosis) & i = %%K.éf_‘?%\l%i “EHFAEKT O T g
5142 ¥ R (stroke) % 34T % (myocardial infarction)d 3% 7*[20,21] - #+ *% A i+ chic 5 8 4 chip
My e ®#? ¢ T AL mre s i & 4 (endothelial dysfunction) ;| 22 T % & %5 F-v § 1 i3 4F
(LDL oxidative modification) ; ¥ H @ & % MéE o @ & - 4] M % & ’5 F-v (oxidized low
density lipoprotein, oxXLDL)er3a f4 2 & € A LA F B L € R TP L wfex o X4F o @ # 5
Rfp L R EAALFFLEE X AL PR A ERF RS TR
[22] > % @ o {4 B0 [23-25] -

+ if % (berberine; * fi-| k) - f& isoquinoline (& v£ek) k72 $ benzyl
isoquinoline proberberine At bdk 0 M BERDFREFT IS FHRIEZ AR
B E WA 5 EY Y AP 30 #ﬁ*“$¢’m%ii@®wm)mii
(Coptic Chmese)ﬂ p ~% & (Coptic Japonica)& | E&%(Eerberls) ® e b ) B (Berberis
kawakamii) [26-28] - Berberine 7@ # & % © .:;J}U%i ARt AR S ”1‘4\:#7’%‘" moo H R

PREAERFERIE LR F N o AR T %;ﬂmm,;] N RNk
4 50 ¥ ¢ berberine B & 5 4F 1 [29] : "“Jﬁ%i B SR E g ¢ m'“ﬂ%}i”*‘ﬂﬁ%[” 31] -
TRLFAT IR EFE IR Heed 2 2 L0F% » Rl G BFLE > mie
k= 0 e A berberine ¥ Fr A R it A5 A0 4 PARBEAT L R AR b
berberine ¥ ks s B4 P EFUF W2 #n s R ITY fn g P L B E w2 if
T 2 H o FPErE AP AT A Wb R A SR % L w2 (human
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umbilical vein endothelial cells; HUVECs)# macrophage (RAW 264.7) » r2 5 i 3| 1<% & g -
v (oxLDL)# $ 2 ¢ P A 0% &7 macrophage 2 fm% k= > % KBS A RPN 5 R B RA L o
A% = > #F 31 berberine £ F £ 5 ik F B A 0% ¥ macrophage 2. T % 5 ¥ B Ho 4 @
BLT g i i o

g e Bl
1 A& Lge g p A wre (HUVECS) [32]

f1* PBS (P # 1% penicillin # streptomycin) 7 %% {4 > # 195 trypsin 7§ 5 %% %
ROEE S T X6 A AR Kow iR VEA N EE S L2 M199 & b AR N EEX 20 = 0 3w
1200 rpm 5 4 48 > 2 H- b 50 12 7 109 FBS 7 M199 33 % ik 4m4cim?e » #lwie 35 & & 37
C » 5%CO0, overnight » 378 7 M199 12 &% (% 159 FBS -~ 150 pg/ml endothelial cell
growth supplement~5 units/ml heparin sodium~ 100 units/ml penicillin-streptomycin’ % 50 pg/ml
gentamycin) #F 1 & o
2. W & 2 a2

F\ ok %e $k HS578T, MDA-MB231 » &+ g 3¢ J% ‘m*2 $k HeLa, SiHa, Caski,’™ DMEM 3 %
A &, 4v » f £ antibiotics % 10% heat-inactivated FCS ; % #Fn § P A ‘% human
umbilical vein endothelial cells (HUVECs) 2 7z 15% FBS ~ 150 g/ml endothelial cell growth
supplement ~ 5 units/ml heparin sodium ~ 100 units/ml penicillin-streptomycin > 2 50 g/ml
gentamycin W M199 B & 24~ R B £ » FHREZI X PFEFTET T % o
3. MBAR2 Fv L3z § v [33]

e R R B I L S S~ ]T% 2ml > 4v > 0.7ml 7 0.15M NaCl 2 0.3 mM EDTA
(pH7.4)&~ 90000 rpm » 10C » 10 4 48 » P~ &% 2ml {6 - £4F F 4 38§ g 3.5 )
PFo L BT KR 2mlo 4~ KBrapw 35/ pF > B gig? k5 ¢ @ &5 LDL-LDL &4
i PD-10 desalting column & 12 4 £ EDTA > 4 » 10 pM CuSO4 >+ 37°C & Jis 16 | p¥ > £ i
- =& PD-10 desalting column 12 3 "%ﬁﬁr%ﬁ—? °
4. LDL electrophoretic motility assay [34]

F1# lipoprotein ¥ it 6 B ¥ T/ g d & TS T IEerdFld o #F i 1 0oxLDL 90
ul 4 > 0.19 sudden black 4 | 10 ul » 2 30°C/® & iT% 20 &~ 458 > 22 10 ul 50952 4 4 =
frts > loading ¥] 19 agarose & /A" % F > i 7 100 &4F > 30 min #$ > & T 7 % % 12 band
# #5 kst (electrophoretic mobility s EM) 2|2 _LDL % 4% > 2 & ¥ i* 2 LDL 2. EM
1o
5. ApoB 3¢ ¥ g it (fragmentation) p]3¥.[34]

Ak Rk 2 {8 0 & & JF 2 denaturing bugger (3% SDS, 10% glycerol % 5%
2-mercaptoethanol) % 95 °C 4c#t 5 & 48 o £ ¥ fic © 3-15% gradient SDS-polyacrylamide gel
electrophores1s (SDS-PAGE) s Btk A 40l A enity ¢ oo RIS 48V i FF A 150
ks e R oAk 2 1812 Coomassie Brilliant blue R250 % ¢ 2 | PFis £ &2 {7 i%%

6. TBARS assay [37]

LDL § it ¢ # £ % 4 malondialdehyde (MDA) > — A F ¢ MDA £ - A 3

thiobarbituric acid (TBA) ¢ # = £ ¥ {2 5 25 & 4» TBARS (thiobarbituric acid reactive
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substance) » ¢ = BT g L & 5 532 nm oo F S K 5 600 nm B E ALK GE kG AR
(Labsystem, CA)3* 3] o 12 1,1,3,3-tetramethoxypropane (TMP) % #2872 k& & R m
7 & LDL 3 i* 2% > ¥ = 5 nM MDA/mg protein °

7.DPPH p d & 5%

#r@# e ® 500uM DPPH /% (98.75mg/50ml methanol) » B~ 0.5ml 1 berberine (0, 25,50,
75,100 uM)Z Trolox (10, 50, 100 uM) » /4 5] 4c » Iml e DPPH 2&if » 38 £ 355 {5 » ¥ % 4%
BEERFR 30 A4 BT 517nm sk iE o T AN EHpd Bgiuf :(1-
Asample/ Acontrol)X100% ©
8. MTT(Microculture Tetrazolium) 4 45 [37]

Bep e 2 3.5x10° e oA T 24 well ¥ 037 T % 16 P15 ESL A Ik A (0, 25,
50,75, 100 uM)£ berberine » Fr f# AJZ oxLDL (200 pg/ml) > 35 % 24 /| B (5 » & 1 4  enim
Ak 0 £ 4o 1 ml O MTT reagent (0.5 mg/ml) » % 4 ] pr2 {8 > MR A BEE LR
A5 3> 0.D.565nm TR e Rk o d kR RV By smie ikt & oo
9. DAPI stain [35]

N A e A2 H ek B (0, 25, 50, 75, 100 uM)#h berberine © F BF AJZ oxLDL (200
pg/ml) » 35 & 24 -] PF{s > 2 PBS %3 = » 221512 495 para-formaldehyde 7] <_i¥* 30 min
i 12 PBS ik v v » 4] (DAPI) % 30min» 1 PBS ik » *0 8 R BACET BB (UV
461nm) o
10. Cell cycle 4 #7 [37]

ne0mm B EmrEERN A e aILt Fik (0,25, 50, 75, 100 uM) 0 berberine e BF
fed2 oxLDL (200 ug/ml) » 35 % 24 | PFis > #-tmre T 5 ber 1 ml 970 % cold ethanol 12
F T me o BN 4CP IRtk "‘T‘ d iR L 4 Bl 4e ~ 1 ml 2. propidium iodide mixture(PI stain)
wWkE S 38 30 445 * 40 £ mnylon mesh i g > & * Jk it dmre ik (FACSCalibur» BECTON
DICKINSON) i® & 37 ©
11. ROS # & il =_ [33]

60mm & r &P A wie R H ok R (0, 25,50, 75, 100 uM) 0 berberine s e P £
oXLDL (200 pg/ml) » # % 24 | BEis » v/ PBS ik d = » #lmse 77 o 4o 2
2',7'-dichlorodihydrofluorescein diacetate (DCFH-DA)% % & sd2 m e — | FF > (& % i\ fm e
% (FACSCalibur - BECTON DICKINSON) i & 47 -

12, s e op 2 [37]

60mm 3 & &P A wmie RJd2H ok R (0, 25, 50, 75, 100 uM) 0 berberine s e P 22
oxLDL (200 pg/ml) » 35 % 24 -] {5 > 2 PBS 5 = > 4c » 4] JC-1(1uM) % 30 min -
£ 12 PBS ik o 3t kRS T LA (red fluorescence light at 590 nm; green fluorescence
light at 527 nm) o & MHCE ok 5T 0 JC-1 % B € 12 monomer 7) 4 N % d F K 0 @
BT =T > B § A5 J-aggregates 3 i d F Gk o
13. & * & BL;2 (Western blot) [36]

¥ ;t@lag 10 % SDS-PAGE  # % 5+ B % T A4 ¢ | ¥ 4c » T 3% % % » B~ 16yl sample
(39 & 30ug) > 4c » 4ul loading buffer » #- sample denature (95°C ;10 min)Z_ {4 i& {7 & & &
oo -39 3 7] NC paper + > 4 » blocking buffer » 38 T ## - B ] FF o 78{s4
» = Bkl >t TBS buffer . 4°C T F J& overnight» 2_ {8 12 washing buffer (TBS+0.05% Tween
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20)‘}%‘%1&3_ K ooE - K10 A4 e BFL A~ - Bkt TBS buffer, 3 8 7% - B/ pFis
2 washing buffer 7% = =t » & — =t 10 4 488 {5 ¢ » 25ml substrate buffer i& {7 & ¢ & (&
1 ECL 4 % % bk &%) & 12 densitometer (Alphalmage 2000, Alphalmage comp) £ it & % -
14. im%e # # {4 47 ( Motility ) [36]

F1* 48 well Boyden chamber 4 45 = /% » lower chamber % %z 7 10% FBS 3 DMEM -
- ¥e Y berberine 14 0 3B ot #ic (10%-1.5x10%) ;1 » *t upper chamber > % % 4 #
/[ PENIfS » BT EN . NP BT e 10 A48 0 b §c 5 A 482 {5 0 2 Giemsa (1 : 20)%
¢ 1 [P B ERAE BRI ke GAER T IEBERRE > (TH
EARCILES | i Tl
15. im¥ & » {4 $5( Invasion ) [36]

F1#* 48 well Boyden chamber 4 473 ;2 » #-cellulose nitrate filters coating _* 100pg/cm’
matrigel » % Laminar flow k 5z » 2 & 3 (T mie B H 04540k o
16. Gelatin Zymography [36]

A ZREE n R R R R e 24 o] PF{S ¥ Sxloading dye 323 R o i~ 0.1%
Gelatin-8% SDS-PAGE @ ;A% 5 ¢ > 27§ A4 4t o ¥ 8 12 washing buffer (2.5% Triton
X-100) = B T F % 30 A~ 452 =t X {8 4 » reaction  buffer (10 mM Tris-HCI, 10 mM CaCl,,
0.1% NaN;, pH 8.0) & 37CI1B a7 F B 12 | FF > BisF R P WA d R4 d 30~
0 L 3¢ R gk o
17. Casein Zymography [36]

A ZRAA R R & R & w24 ] PFis 22 Sxloading dye 323 ;‘Fa"fr?é’; v~ 8%
SDS-PAGE (% 7 48mg casein, 0.55mg plasminogen) g A% & ¢ > 38{7 T A & 8t o {5 4
it gelatin zymography 4p ¢ o
18. DNA %74 4 7 (DNA fragmentation)

ez 1l Ix10% e A 3 10 S A P A ¢ b 77 10%°:2 0 s R iR T ¥
e B Pa,}f-z)imw% P 0 A 48 | pE > Memre s & R4 D ISmL 3§ ¢ 0 3 1500 pm
10 ~ 48 » 2 ¢ i o 3o T Rehw e 12 50Ul lysis buffer (1% NP40 » 20mM EDTA » 50mM
Tris-HC1 5 pH7.5)i® % 30 A4k > 2 {512 12000xrpm «Fid & e 5 4 48 0 & F B~ Fik 1 AT
B s F 0 4o~ 20% SDS 2 10mg/mL 9 RNase A > *t 56°C (8% 4 /] pF > ¥ 4o »
25mg/mL s proteinase K> ** 37°C i¥* 4 /] pF»>4e » 1/2 & # 4% ¢713M Sodium acetate (pHS5.2)>
Y1E 25 BREAE P 95% 1 b eFpE 0 22 B 2-20°C ¢ overnight @ DNA Tk 0 Tk = A 4
™2 12000 rpm *+ 4°C T Hree 15 248 0 2 f Fni’fy » #gpe T R DNA R ESF R TR
HAARRI e r 20l = R k#H w3 > 12 50V eng @'li 2%¢«i agarose 7. VR iR
TAAYT 0 EF L EBr 2 F 10 A4z 180 RAPEBEE -

19. & {rberberine¥t A ¥ % m % A B R P (in vivo)&E# 1§35

% 4 Kaere ] BU(BALB/C nu/nu mice)4& 48 4 %5 9% m % » #- 1x10°/100 pl PBS & 7% 4 4F
Bpimie o 3T X Rk FIR o BRI E REASLs B 8- L B—,T—\.égi/g, 7 e }&
BRETHR  HREER > B ERUREZE BEED 2 B I Ngn 4 o T
¢ 22 HE stain o

20. 4 {7berberine$t 4 # e LSRR (in vivo) 2 & 35
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o i 4% Kaere] BU(BALB/C nu/nu mice)4& 48 4 #8 & fm % > #- 1x107/100 pl PBS & 7% h 4 #F
T lmPe o 3T 0 X Bl (5 R H PR O05 T L T (right hind limb) » 7 X 18 B3 58 % B b P en¥ &
EL o - KSR RIERM T o & X UMFER R ERBE T 1 1/2xE
XEXE 3 E WA SHUEREEYR > BB R R R R 3T
BT OV A X TS g A % ¢ & HE stain
21, A4

fr3 Behp 4 R Y st 8 SigmaStat (Jandel Scientific Software, USA)ig 7 one-way
analysis of variance(one-way ANOVA) 4 47 ©

- BRan
¥ — WL $F3t berberine Fri|Fpimre 45 2 a4

T g o %2 iz ~ (invasion) % §#& 5 (metastasis) ™ £ R M= U L kAR KR B O
A& R Fle FPt o SR T berberine (1Y F g Apde Fig. 1 41 ) Il e R EA o
AR o A FIER(,S, 10, 15, 20 uM): berberine a2+ § SR Z I me o 1 & 24
| PE (S 0 iR {7 dm P2 28 (invasion) ~ #% #5 (migration) ~ fw## 3 7% (cell viability) 2 2 MMP-2,
MMP-9, u-PA & M4 45 o & % 8ot » &+ ¥ 58 % o %2 (SiHa, CaSki)® - berberine 7 5
wmre g sk & T (0, 5,10, 15,20 uM) > #>% cell invasion/migration § & ¥ cdr sk o ¥
*q‘*“ MMP-2, MMP-9 2 2 u-PA i b 4 B F ek (Fig. 2, Fig. 3) « R @ > ti' iy im
"2 (MDA-MB231)*® - berberine & & %3¢ cell invasion/migration 3 A ¥ crfr sk o i AT
MMP-2, MMP-9 12 32 u-PA evE 125 & drd|scsk (Fig. 4) - berberine ¥ CaSki ‘w? » PAI-1
g TIMP-2 #r 82 3 8 55(Fig. 5) o iz &_berberine 47 ¢ 3 4 SiHa % ¢ PAI-1 & TIMP-2 ¢h
v & ¥ (Fig. 6) o 5 7 & #531 berberine Fr+#| SiHa ‘m*2 MMPs ¥7 u-PA % 3 ~ ‘wm? # &
Zizosqnt B i e AR B aphild o Jl*F 2 RERE o 0 0, 5, 10, 15, 20 uM
berberine EJZ % 24 | pF > T i cell lysates » ¥ ¥ 4] * anti-Pi-ERK1/2 £2 anti-ERK1/2 ~
anti-Pi-P38 £ anti-P38 ~ anti-Pi-JNK ¥ anti-JNK -~ {r anti-Pi-Akt £2 anti-Akt ~ PI3K #4488 {7
western blote i 2 % % 3 3> ERK1/2~P38~JNK~Akt £ PI3K 3-v £ 3> % ¢ % berberine
% (Fig. 7 & Fig. 8) ; iz P38 ¥ JNK1/2 7 phosphorylation » #7 ¢ % ¥ berberine k& /& 3 *v
@ iz bR (Fig. 7) o F1% EMSA 7 % = ;2 > BL% berberine % SiHa ‘w2 ¥ p #&4% %]+ AP-1

22 NF-«xB 2 DNA 2 & it 4 > # I § ‘w7 a2 berberine 2. #& > NF-kB fv AP-1 &2 DNA %2 &

3 & F ek (Fig. 9B & Fig. 9C) o 1 * & = % BEiZ » #- SiHa M %¢ J2 berberine >
P~ 39 0 i {7 Western blot » % % 2 IR > § /2 berberine » NF-kB ch3-v¢ %2 IRLE § " ¥
berberine Jk & 3 4v @ B ¥ ™ 'F (Fig. 9A) o {1 * & — M engips it #r4]H ¢ SB203580 £
SP600125 :E§ berberine g 2 % EFr4] p38 &2 p-INK1/2 &k Fr4| mre chiz § (Fig. 10)~ #& £
(Fig. 11)¢2 3-v (Fig. 12& Fig. 13)e4 & o % 5-6 ¥ BALB/c nu/nu mice £ &>t & T 47 » 1x10’
® SiHa w®s > 2_{34& & PBS & berberine (5 mg/kg/day ¢ 10 mg/kg/day) > >+ 8 FF = X p| &
R s o] (Fig. 14A)%2 & &40 € (Fig. 14B) » ¥ 3% 33 2 chpFiz gt ¥ & > ¥ BG83 ™
FEE ot ek BN g e A5 R % ¥-5-6 1 BALB/c nu/nu mice d K 5% 47~ 1x10°
SiHa !w?e » 2 {54k @ PBS # berberine (20 mg/kg/day) » ¥ 3 21 % efpf iz gk & & > T4
YRR T 2 R 3% 50 colony 3 dicdp BB (Fig. 15) 0 X e sty & g HRE stain(Fig. 16A)
g1 4=¢ (Fig. 16B) > P =i 3¢ I berberine &+ ¥ §E /% U wbe v - & 5 2y Pri| o be ik
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% it 4 o berberine #r M e iz R @A L 3F &8 rd] MMP-2, MMP-9, u-PA & |25 B >
moAR R s F S adES DT AFP o HY s A MDA-MB231 ‘w% ® > berberine I & #r
MMP-2, MMP-9, u-PA e/ {20 fe 15 L & 5 sads e nve iz R A 4 0 Fet >33 5 berberine
% 47 MMP-2, MMP-9, u-PA #5758 1. » o & S 8 8 54158 7 $r i B imme DR BHA -
TR EMY 2 g IR gk o
¥ = 84 731 berberine Frdlh F RT4 2% 4

= ¥ AT (angiogenesis) (¥ * ¥ m 7 0 3 WA en R A A L Fplore i 4~ R
0 L ARET R EH R o Ft o 8-  $F3d berberine $ta F ATA ek o
™A ke k& (0, 10, 20, 30, 40, 50 puM) - berberine e dT A #FEF 0% R A dw v
(HUVECsS) © & % % 7 > berberine ¥} & ‘m? s 4 i * (tube formation)& § P &g 4r]»c %
(Fig. 17) » = d = %% Matrigel blood plug assay 3% Flff &1 berberine chie &), A E 487 = 7 $r)
g A (Fig. 18) o ¥ ¥ - 4 & 474 R » berberine I 7 ¢ B P 4 wre 2 £ (Fig.
19A) » e ¥ rgrd e g e enfs # i 4 (Fig. 19B) » 3EF berberine ¥ J‘l%’fﬂfd Frg p ﬁl k:LEd=g)
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Fig. 1. The chemical structure of berberine.

(A) (B)

120 120
S 100 . S 100 .
- -
§ 80 - * § 80 -
‘5 s Fokk
g 60 - b S 60
% ? *kk
8 40 4 g 40
g £
é 20 4 8 20

0 - 0 -

0 5 10 15 20 0 5 10 15 20
Berberine concentration (uM) Berberine concentration (uM)

(©) (D)

120 Berberine 0 5 10 15 20 (uM)
’—é\ 100
= MMP-9
8 80,
6
X
=)
S o MMP-2
E 40 4
2z
8 20

O,

0 5 10 15 20

Berberine concetration (uM)
Fig. 2. Effects of berberine on cell invasion/migration, viability and matrix degrading
enzymes activities in cervical cancer SiHa cells. SiHa cells were treated with berberine (0, 5, 10,
15, 20 uM) for 24 h, and capacities of cell invasion (A) and migration (B) were detected by
Boyden chamber chemotaxis assay. Meanwhile, the cell viability was analyzed by MTT assay (C),
and the activities of MMP-2, MMP-9, and u-PA were detected by gelatin and casein zymography
(D). (*, P<0.05; **, P<0.01; *** P<0.001)
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Fig. 3. Effects of berberine on cell invasion/migration, viability and matrix degrading
enzymes activities in cervical cancer CaSki cells. CaSki cells were treated with berberine (0, 5,
10, 15, 20 uM) for 24 h, and capacities of cell invasion (A) and migration (B) were detected by
Boyden chamber chemotaxis assay. Meanwhile, the cell viability was analyzed by MTT assay (C),
and the activities of MMP-2, MMP-9, and u-PA were detected by gelatin and casein zymography
(D). (*, P<0.05; **, P<0.01; *** P<0.001)
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Fig. 4. Effects of berberine on cell invasion/migration, viability and matrix degrading
enzymes activities in breast cancer MDA-MB231 cells. MDA-MB231 cells were treated with
berberine (0, 5, 10, 15, 20 uM) for 24 h, and capacities of cell invasion (A) and migration (B)
were detected by Boyden chamber chemotaxis assay. Meanwhile, the cell viability was analyzed
by MTT assay (C), and the activities of MMP-2, MMP-9, and u-PA were detected by gelatin and
casein zymography (D). (*, P<0.05; **, P<0.01; *** P<0.001)
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Fig. 5. Effects of berberine on proteases endogenous inhibitors. Ca Ski cells were treated with 0,
5, 10, or 15 uM of berberine for 24 h. Cells were subjected to western blotting to analyze the
expression of (A) PAI-1 and (B) TIMP-2 as described in Materials and Methods. Determined
activities of these proteins were subsequently quantified by densitometric analysis with that of
control being 10094 as shown just below the gel data. Data represented the mean + SD of at least
3 independent experiments. Statistical significance was determined by Student’s ¢ test (*, P<0.05;
** P<0.01; *** P<0.001).
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Fig. 6. Effects of berberine on proteases endogenous inhibitors. Si Ha cells were treated with 0, 5,
10, or 15 uM of berberine for 24 h. Cells were subjected to western blotting to analyze the
expression of (A) PAI-1 and (B) TIMP-2 as described in Materials and Methods. Determined
activities of these proteins were subsequently quantified by densitometric analysis with that of
control being 10094 as shown just below the gel data. Data represented the mean + SD of at least
3 independent experiments. Statistical significance was determined by Student’s 7 test (*, P<0.05;

**P<0.01; *** P<0.001).
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Fig. 7. Inhibitory effect of berberine on the phosphorylation of p38. Si Ha cells were cultured in
various concentrations of berberine for 24 h, and then cell lysates were subjected to SDS-PAGE
followed by Western blotting with anti-phospho-JNK1/2 (A), anti-phospho-p38 (B), or
anti-phospho-ERK1/2 (C) antibodies. Signals of proteins were visualized with an ECL detection
system. Determined activities of these proteins were subsequently quantified by densitometric
analysis with that of control being 100% as shown just below the gel data. Results from 3
repeated and separated experiments were similar. Statistical significance was determined by
Student’s ¢ test (*, P<0.05; **, P<0.01; *** P<0.001).
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Fig. 8. Effects of berberine on the p-Akt and PI3K. Si Ha cells were cultured in various
concentrations of berberine for 24 h, and then cell lysates were subjected to SDS-PAGE followed
by Western blotting with anti-phospho-Akt (A) and PI3K antibodies (B). Signals of proteins were
visualized with an ECL detection system. Determined activities of these proteins were
subsequently quantified by densitometric analysis with that of control being 100% as shown just

below the gel data. Results from 3 repeated and separated experiments were similar.
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Fig. 9. Effects of berberine on the activation of NF-kB, c-Jun, and c-Fos. (A) Cells were treated
with berberine and then nuclear extracts were subjected to SDS-PAGE followed by western
blotting with anti-NF-kB, c-Fos, c-Jun, or C23 antibodies. Signals of proteins were visualized
with an ECL detection system. Cells were treated with berberine and then nuclear extracts were
analysed for DNA binding activity of AP-1 (B) and NF-«B (C) using biotin labeled NF-kB and
AP-1 specific oligonucleotide in EMSA. The last lane represented nuclear extracts incubated with
unlabeled oligonucleotide (Comp) to confirm the specificity of binding. Determined activities of
these proteins were subsequently quantified by densitometric analysis with that of control being
100% as shown just below the gel data. The experiments were repeated three times with similar
results. Statistical significance was determined by Student’s 7 test (*, P<0.05; **, P<0.01; ***,
P<0.001).
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Fig. 10. Berberine-induced decreases in the invasiveness of Si Ha cells related to p38 and JNK
pathways. Si Ha cells were seeded onto 6-well plates and pre-treated with SB203580 (10 or 20
uM) or SP600125 (10 or 20 uM) for 30 min and then incubated in the presence or absence of
berberine (5 uM) for 24 h. Afterwards, cells were then subjected to analyses for invasion ability.
Data represented the mean = SD of at least 3 independent experiments. Statistical significance
was determined by using Student’s ¢ test (*, P<0.05; **, P<0.01; ***  P<0.001).
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Fig. 11. Berberine-induced decreases in the migration of Si Ha cells related to p38 and JNK
pathways. Si Ha cells were seeded onto 6-well plates and pre-treated with SB203580 (10 or 20
uM) or SP600125 (10 or 20 uM) for 30 min and then incubated in the presence or absence of
berberine (5 uM) for 24 h. Afterwards, cells were then subjected to analyses for migration ability.
Data represented the mean = SD of at least 3 independent experiments. Statistical significance

was determined by using Student’s ¢ test (*, P<0.05; **, P<0.01; ***  P<0.001).
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Fig. 12. Berberine-induced decreases in the migration of Si Ha cells related to p38 and JNK
pathways. Si Ha cells were seeded onto 24-well plates and pre-treated with SB203580 (10 or 20
uM) or SP600125 (10 or 20 uM) for 30 min and then incubated in the presence or absence of
berberine (5 uM) for 24 h. Afterwards, cells were then subjected to gelatin zymography to
analyze the activities of MMPs. Data represented the mean + SD of at least 3 independent
experiments. Statistical significance was determined by using Student’s ¢ test (*, P<0.05; **,
P<0.01;*** P<0.001).
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Fig. 13. Berberine-induced decreases in the migration of Si Ha cells related to p38 and JNK
pathways. Si Ha cells were seeded onto 24-well plates and pre-treated with SB203580 (10 or 20
uM) or SP600125 (10 or 20 uM) for 30 min and then incubated in the presence or absence of
berberine (5 uM) for 24 h. Afterwards, cells were then subjected to casein zymography to analyze
the activities of u-PA. Data represented the mean + SD of at least 3 independent experiments.

Statistical significance was determined by using Student’s ¢ test (*, P<0.05; **, P<0.01; ***,

P<0.001).
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Fig. 14. The in vivo anticancer effects of berberine. After subcutaneous implantation of Si Ha
cells, BALB/c nu/nu mice were treated with saline or berberine as described in Materials and

Methods and then analyzed for the growth of tumor (A), and the weight of primary tumor (B).
The values represented the means = SD (*, P<0.05; **, P<0.01; *** P<0.001; OAs compared

with saline).
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Fig. 15 Suppression of lung metastasis of Si Ha cells by berberine (Ber). (A) Photographs
show lungs of Si Ha cell-bearing mice. (B) Si Ha cells were injected into the tail veins of
6-week-old female BALB/c nude mice. After injection of Si Ha cells, berberine (Ber, 20
mg/kg/day) and vehicle (saline) alone were administered oral gavage for 21 days to the
berberine-treated groups and the control groups, respectively. Mice were sacrificed and the
number of metastasis in the lung surface was counted on the 22 day after the cells were injected.

**% p <0.001. Each value represents the mean +SE.
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Fig. 16. Histopathology of lung of metastatic tumor bearing animals (x100). Lungs of the
metastasis- induced animals were fixed in neutral buffered formalin, and stained with
hematoxyline and eosine. (A) Normal lung, (B) Control (Si Ha + saline), (C) berberine (Ber, 20
mg/kg/day). (D) After injection of Si Ha cells, berberine (Ber, 20 mg/kg/day) and vehicle (saline)
alone were administered oral gavage for 21 days. Mice were sacrificed and the weight of lung
was measured on the 22 day after the cells were injected.
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Fig. 17. Effects of berberine on tube formation capacity of HUVEC cells. Phase contrast
micrographs illustrating the arrangement of HUVEC:s into a rich meshwork of capillary-like
tubular structures when cultured on Matrigel for 18 h.

(A) (B)

Fig. 18. Berberine inhibits angiogenesis in vivo. Matrigel blood plug assay in C57BL/6 mice
(five per group). (A) Berberine (Ber, 20 mg/kg/day) and (B) vehicle (saline) alone were
administered oral gavage for 10 days. The mice were killed 10 days after implantation. Gross

appearance of the plugs was photographed.
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Fig. 19. Effects of berberine on cell viability and migration of HUVEC cells. HUVEC cells
were treated with berberine (0, 10, 20, 30, 40, 50 uM) for 24 h, and cell viability (A) and
migration (B) were detected by MTT and Boyden chamber chemotaxis assay. (*, P<0.05; **,
P<0.01; *** P<0.001)
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Fig. 20. Effects of berberine on cell viability of oral carcinoma cell. SAS cells were treated
with berberine (0, 0.05, 0.1, 0.5, 1, 2.5 uM) for 24 h (A) and 48 h (B), and cell viability were
detected by MTT. (*, P<0.05; **, P<0.01; *** P<0.001)
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Fig. 21. Effects of berberine on cell viability of non-small cell lung cancer cells. (A) A549

cells, (B) H1299 cells, (C) H460 cells, and (D) H1355 cells were treated with berberine (0, 10, 25,

P<0.05; **,

9

and cell viability were detected by MTT. (*

9
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Fig. 22. Apoptotic effects of berberine on lung cancer A549 cells. A549 cells were treated with
berberine (0, 10, 25, 50, 75, 100 uM) for 48 h, afterward, sub-G1 phase population was detected
by flow cytometry analysis (A), and DNA integrity was analyzed by DNA electrophoresis (B). (*,
P<0.05; **, P<0.01; *** P<0.001)
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Fig. 23. Effect of berberine on Cu**-mediated shift of electrophoretic mobility in LDL. (A)
LDL was incubated with 10 uM CuSOQy for 16 h in the presence or absence of berberine or Trolox,
as positive control, and applied to 0.6% agarose gels. (B) The results were quantified and
expressed in the form of relative electrophoretic mobility (REM). (¥, P<0.001 compared with
control. *, P<0.05; **, P<0.01; *** P<0.001 compared with oxLDL-treated group.)
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Fig. 24. Effect of berberine on Cu*-mediated Apo B fragmentation in LDL. (A) LDL (200
ug/ml) was incubated with 10 uM CuSOy in the absence or presence of berberine or Trolox for 4
h, and applied to 7.5% SDS-PAGE. (B) Quantification of ApoB fragmentation were presented as
means * SD of three independent experiments. (#, P<0.001 compared with control. *, P<0.05; **,

P<0.01; *** P<0.001 compared with oxLDL-treated group.)
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Fig. 25. Effect of berberine on Cu®*-induced MDA formation of LDL and DPPH scavenging
capability. (A) LDL (200 pg/ml) was incubated with 10 uM CuSOy for 16 h in the present or
absence of berberine or Trolox and then measure MDA formation. (B) The radical-scavenging
activity of berberine and Trolox was evaluated by using the DPPH radical scavenging assay. (*,
P<0.05; **, P<0.01; ***, P<0.001 compared with oxidative LDL-treated group.)

30



(A) (B)

i
N
o

18
e N viable vells
S 100 161 = dead cells
'
= < 14 4 *kk
= o
[=] — *%
o 807 X 12 heid
S K] -
5 60 4 E 10 1 * * *
2 5
= a #
8 404 'g 6 #
E =) *
8 204 Z 4 *k o *k
2 kol dexk
0 04
oxLDL (200ug/ml)  — + + + + + + + + oxLDL (200pg/ml) — + + + + + + + +
Berberine (uM) - - 25 50 75 100 - - - Berberine (uM) — - 25 50 75 100 - - -
Trolox (uM) — - - - - = 10 50 100 Trolox (uM) — - - - - = 10 50 100

Fig. 26. Effect of berberine on oxLDL-induced endothelial cell death. HUVECs were
incubated with oxLDL (200 pg/ml) in the absence and presence of berberine (BER; 25, 50, 75
and 100 uM) or Trolox (10, 50, and 100 uM) for 16 h. (A) The viability of treated HUVEC cells
was detected using MTT assay. (B) Viable cells and dead cells were counted using Trypan blue
exclusion assay. (#, P<0.001 compared with control. *, P<0.05; ** P<0.01; *** P<0.001
compared with oxLDL-treated group.)

control

Fig. 27. Effect of berberine on oxLDL-induced endothelial cell morphology change.
HUVECs were incubated with oxLDL (200 pg/ml) in the absence and presence of berberine
(BER; 25, 50, 75 and 100 uM) or Trolox (10, 50, and 100 uM) for 16 h. Photomicrographs of the

treated HUVEC cells were observed by using phase-contrast microscopy.
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Figure 28. Protective effect of berberine on oxLDL-induced endothelial cell apoptosis.
HUVECs were incubated with oxLDL in the present and absence of berberine (BER) or Trolox

for 16h. Nuclear morphology of the treated cells was observed by fluorescence microscopy using

DAPI stain (at a magnification of 200 x). Arrows showed areas of intense fluorescence staining

with condensed nuclei.
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Figure 29. Protective effect of berberine on oxLDL-induced endothelial cell apoptosis.
HUVECs were incubated with oxLDL in the present and absence of berberine (BER) or Trolox
for 16h. Hypodiploid cells population (sub G1 phase) of the treated HUVEC cells were analyzed
by flow cytometry using PI stain and at last 10,000 event of total cells were analyzed for each
experimental treatment.
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Fig. 30. Effects of berberine on oxLDL-induced ROS production in HUVECs. The ROS
levels of (A) the HUVEC cells without treatment, control (gray trace); (B) the HUVEC cells with
treatment of 200 pg/ml oxLDL, oxLDL (dark trace); (C) the HUVEC cells with treatment of
oxLDL and 25 uM berberine, oxLDL+BER25 (dark trace); (D) the HUVEC cells with treatment
of oxLDL and 50 puM berberine, oxLDL+BERS50 (dark trace) (E) the HUVEC cells with
treatment of oxLDL and 75 uM berberine, oxLDL+BER75 (dark trace); (F) the HUVEC cells
with treatment of oxLDL and 100 uM berberine, oxLDL+BER100 (dark trace) were measured by
flow cytometry using DCFH-DA staining.
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Fig. 31. Effects of berberine on oxLDL-induced changes in mitochondrial membrane
potential in endothelial cells. HUVECs were incubated with oxLDL (200 pg/ml) in the absence
and presence of berberine (BER; 25, 50, 75 and 100 uM) for 16 h. The changes of mitochondrial
membrane potential (A¥m) were assessed by using fluorescent lipophilic cationic JC-1 dye. JC-1
is selectively accumulated within intact mitochondria to form multimer J-aggregates emitting
fluorescence light at 590 nm (red) at a higher membrane potential, /eft, and monomeric JC-1

emits light at 527 nm (green) at a low membrane potential, right.
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Fig. 32. Effects of berberine on oxLDL-induced caspase-3 and PARP activation. In western
blot assay, cell lysates were subjected to SDS-PAGE, and the membranes were probed with
antibodies against cytochrome C (A) Bcl-2, Bax, caspase-3, and PARP (B), with B-actin being an
internal control. Signals of proteins were visualized with an ECL detection system. The results

were representative of three independent experiments.
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