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FEVEHE cRIA BATE BB E AR REE R E M o b
BiFomw o GMER R aak  FREL - BRE LR -

FRLEMEH - BOERELE > IASIHTZ 243 FRAME

16



WemrEs e THLARTHLII  ZAELN -dRFEUAEEL
IAERUAEABKRE) T RERT BRI FEETRIE
RZBEERE > BRANEE T FA8TER > RaWiEE EH R

Wz o FTHRABRYy @B AS BRKE BHERAGELEIFL
BAERAREG  BAMAREETZIS BRIREHE - R EALE
STFH o REBOEERAZ - BB FHh o SRKRE > OFF - B

o0 UG HGE  HARTE & - BR

‘-\*ﬁ
NS

REG o ALRLRAE - HE
BR o HRAEE BB oK -HB (BEH): FH—H > FiE—
o LR BESE LFMA - RE A - LiTHE
REFIBAT A B R - Rdm - WmFFRR - ERBEREEA - AR
wiE -~ FHERB O R KILE o B X EEE 0 wkE LR 0 SRR
BECBFERALER KB AZRb B FTE  THAARE
BIAT  AER SHFNER - 5% 8 5 HA TR B2 LA &

THAETE AE AR ERE 2R 0B

&
s
lﬁ\ﬂ\’;

WD

w2 cm¥F o bk ThAREE - RHFe —B—F REAR » #H
ER - REF T2 -6 KAER JE KEEX » AFRE XKFRE T >
LFEXEY  AEREHERE THABRELEC TxEidE- 2
FEABEKHE B> TR - FEKETY TEKBAREEY ;

BERRKEFL BARBAERY RRRGY S Aoy iKY
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LR AHE BB E  MEARABEEZT R BEEFHEL RN

B ERBHE M AEHEx X -REFTEE BRIL

=
Im
s}
]

E 8% BERAXA B SHR BF%e:  7ARERL ®
R ESAMARSHEME?REB LI FHF  gRECK
EARREBATER > aNBERK > aFBEF K 0FEF K &
BB K 0 RBIE /K mXEM K FIEZ S BRE XK
WX S RWEMEX g2 BZE K> g54EX - §
B—8: AE-Ee o Lilsket » ARy Eak -
N(AEBER) P 2R BF - bORBX AR BIFET X
BAETY B ERE K BYBeE s s EEXKBEY PEAXKE
T TEXKBARY RSEBEMNK AEZXAFY iR
PRK BE#AERY s RFEK > LEHY - BT - 23~ 8
= RHEA -

FEME%RYT RERE  BEAD O AFIBRRE - FA
o BB mECARAFIER O UAFTOTFTIER ZCHRE ML
P EAECTHE  BFBCFEAZX  Bof HFEMR S TR
BEFEL - TRHEDEROES  FRALNE  BFEFZL; &

kB AR A2 4F —F TR o % RE S

a3t
ﬁ;
i
(i
Wi
S
m~

MEmMBE > AEEKERILEER  HOFAZIEE - SARERALE

R
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B A RBEEBRL Y ERARRE BASZHRAK - E

WEAGE  RABHAZERE  RARRES L - HREE
B K o BREFRE  BATE  NESK > kKM BEERF
BFHOEHMRABERE Y (RE) BTHARABRE AH
BRRZE IREIEZM - AFIEE > BRFF C RERE - FA
PR FRABRREE  AEUEIERZ - FH LA FRA
wiE - AF > BRUARE wE AL ARAEEZRER -4

HBREAREE HOBEREF  FR o EThAEL B -

TRREARMA > ABEARA > MBREHBEZIET - RFRZIHE > FREP

ko ETERBRZIALTAT MAREBFZAT | BRAARST
B FARBZW O MEE HRkEL > AFAAFAC X
MARE > S KBHRI# BEEL - ARER EATEEFH
BASFRBEKRK  ZEKXKMEZ > RGTR B XAE LSS
£ o HEEER  BRERE  ZEFM FAEZLERER
RELRERE  BRATRZREG L5 ER -
(10) (AERE) P (#) RBSKEH

FREANC ARl F B RERE > BEmses
ik E > BR(H&) YAREBE % ZRAEHE > RENS

BAER  BERE c BLoREERBOZL BBk FE
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B ®R2ER FAC SRIE e HEERL - TRE
HFd o BPmBpkacl > DCRErR  BRERREW  BEESRE
W BT EAESE 0 L RIFALE DR AEM > L KB HAFRE 0 ok -
i~ HFFE BAGLAS ) FTERREHR KB T

FRMR KB mAEHKZER o Fe9 I wREAAAN R
SHERK o —db s EPEBRR S b BELR 0 =4 XFRE
W, RBRRE AL PH AL Nbc KETFTE I THE

oAETE RERALIS  KBFZ o kot Bl 24

— P TEEA - B REE T UFEBLAZI R BsARE
FERE > FREN MABEE  FTRBEAE  RRBH  HAZ

P HERESW ERE - FAELSDIE > EFERKEAMD

EH -8 SASHRRER  EHRUAFTHRIE > TREAKGE

o

B MM AR A XRBEEML D BRER > B A
SRAEH - BB Y FRALREBEZE BB KIEE TRE
FTko STRAIR > EFH/XZXILFAAMAEAETZRAF - 28
AEHRERTLEET  HMAUREHETEZETEHRBERAT > BF

o BEAAMER - FHFRAZHR > bBERAR > EkE ¥

8

RIRFRS > AMAL » o KIBBRIZ > HHEL - BB

BEH - Bi—hiE  MTRETREF - SA—AXKE £
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HARRZHR  ABEAT  HMURIZ UHRBBBE FX R
MR e FREBRALERE - THER FRALA
AFBRHAKE TR B HAFTRE-XE B R
B -AE B HBRBARRE SREABAE TR LT
B K AAFRKATE SRR BB EE S ¥
B ——#> ——I5 ERIZIAZXZT MmERBIE - LH

H:wRESCK EAREBER aBEX 2 FEE X

4

FEIRH K RHIBBHK  REEIEK > 73

»

B K e
ez s BRBK e - LHPHETEKR gicx  B=ZF
Koo JmBEZ o G RWER LRFEREMET XN FT XK
Atk GWHEELE > KT R4 o
(ID(AF@m) ™ FERE > FRARZAKR ARIEFE
kAR E BT Z Kk AFLBROE - ARARE Bb o
EEHRABRBEL S SEK KA SRAF > AHENE
b REFRCAUAF KL FLBRZER §5@ 48 NF
FrEESK KB AlwhEmAEL BEE Bk 7
Fu o FAEZ c FRIBETF > uF > AFARAX T FSRAR
7B FRLAEH B 4, o

RGBREZIH o KRZ B ERICRIR @ & T T HE
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HExzd  BUFEK ZE#Rb -

b Ee  NEREFCHEAT_B HARY  7TH &b
BRI EREKBEREL > REAF REFK AAREZ -

HEABREARSH * ASHEK > KFRI W] > & d o
(1) (i BAREE) 7 RERAE  TRLAEZAA > ARVE
F@ %kt EHF FHAEITZKER AFIBRCE RAKMm%KK
— IR > HAETRAK KABAL > M BEBZ R -

Emn2#HA{F RBR-—aArIHbL - BREGREHEARA > %
BB LZ R BEEBER TR BRBETIR I FARTER
BRAAETZR  REMRER > ATAEZ -

ABAARTSHE > A 7 BPieiod o KRE B K2 Kok >
RSz E M MEREB K FPUAEZEMBEX o F &
FHAAE) 2R (L2E) BCRFAE Mok @ RZ UM
GRERIZZEST > MBEHE > BRZUBS REZIH > REFC
HFo AU THAER AUGHEFEER  AEmFLHZ K
FANL -

(I (AREHEY D RERE - ASH K IR BRRE
REHCHEBEL S FERK - BHSLSEEK BEMAEPFEK K

R R
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MmTz o FREMEFES B BB ABEE
BAERBRBE  RAERETAANATENENHHRERAN TR =B

AR

4. &% (Berberine) &)X Bk =8
[#% %) %i2 % (Berberine)
[52] /2w

[/ % ] 5,6-dihydro-9,10-dimethoxybenzo[g]-1,3-benzodioxolo[5,6a]
quinolizinium [CAS/]
(.5 K] [C20H18NO4]*

[»FE]) 336.37

[1e243 X ]) Fi& % (berberine) #9162 & A0k

(AL ME]) AT G R  JEE 145°C » H8Eay /N EERRAE
BRRIEBINKY  HATUEBERBERKR 18 5 BN KR T EE
HENE - BFomma” o
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[ kA48

TR EXHDER BLEM LAY TR - ZAEFERE
BRRORE FPRIRGE A RBEAE e vHALBRRE - £ BFFR
P EBFMAMRIUR SER o FUB/ER c HW L AGKWER 0 &
PR EEE AR RSB T R E B A M R S
AR > T KRB ZRIAE& HA R T AR R A 5 1ER 2 - H#IMF
MEREHPE  AEREGBEREST L w2 FHCHEREA
BlERBHE TR — R B ZY 0 CERAERGER > T RE
FRIFZ  HORAEE > REFIMREARDBHBEN R > L3
Tk d R 20%~40% » 1x10° A &3 AHp 4] 2 1x10™ &R 2142 1k 38
8o HbFROBOFE TR EFICELHRMER ~ #~ RARFR
FREF R B A ARG FERAFR - H-PFRENBBEHNRE HasRHNT
B m RO BT IS Rey Ase 0 BAF A R E BE E48-FAT o
Hi R B E > THERTE TR IR BRI S H] G f
G IES) 0 R D PR E B bk b B 0 3 ok L e BB B A S B,
ERR L&Y R B FER S BEZXER - Tt hmba Rz - HE R
ATHERS A BEAE X ~ REMIFT X ~ 1242k ~ G ~ MR ~ IRA - M &
ERKRER C REHERX - EH I RELER - 5ok - LRMEF

HE -HTRAFAR B B% > B bR L~ I E ~ TR &2
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Bl ZEHRE AR E S ZMRMEE - EAT R CREES
DREERSNRE REREMRE - BS SRS EMam- KE
W AR ERRER Y AALRYUESEBR T AMEHER -
FRETHBERANBRER > £FTHEBE Hela fafotk R G i

L1210 apak + 35 %5 DNA in4£ E 4485 (DNA topoisomerase ) # £ :

(&

R mn e B o TR EE A E] AP-1 8E M M Ap Bl R IR MR L
itk s 7 FRERREERNRERAERER 7o %
B E R LA H A A 0 E BR8P R e o
S B EMSRSEACHER MEEER D FR A RESL 0 B
(DNA A R ETEA)S 2384 B2 I8 ta B L5 A RIR D » afa PR GO Fu
Gl H7 > 5 4e i 30 78 8 BR 28 Rt T S B bm L3S 18 7 o BN T
SEpEmR AT AEEEEEATE MGC-803 taitkis » % &,
Fo B A KR AZ 200k AT K RIS 3L MGC-803 4m Btk 2 S0 A 64 o8 4%
#7 e KR ERPEE CPT-11 B4 AN BB A » S EE A
R bl R BB = A CPT-11 2008 - FE Frema s inhlib 2
% % NDEA 89BEAER - 241 T NDEA A& TR FRIEHK >

AR A BB BT A GEREE T

5. 4afn 38 HA &9 SUBK E AR
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B REAFSE s R AWK —RAG T REREAE
BT —RSREROBEER B - mi B KB RIR T 4o B PT
RIKE > BRX— AT R R Ry ROBRERE - BE ek
BN RSB EImE T A EFO KRB - ER@ien RZ
BRI > &35 G~ S~ Gy~ M W iR o e e 38 HA A IR R A K27 69 4F H) 26
(check points) b #4764 o 4a i B HA F 1742 18 £ Z a4 48 - — B4
7 GY/S R 0 A H LA E) M) 4a R F A A PR 4] 26 (restriction point)

g G #An ey B B K RRED]EE 0 E M T UAARE R B R
TR SR AR HE 4 AR SME A& K B & B R B dm B B B A — B
Gy/M X Rk » BAEL Gy ity B ATiRE 3 6883 » a4 ok

M8

BATAMIE R e AR AT RER S > THEN=ZRE (1) @
B 38 HA & (cyclins) ~ (2) % fit 38 #7 % 1K 48 M4 2 B5 (cyclin dependent
kinases, CDKs) ~ (3) CDK #p#]% & (cyclin dependent kinase inhibitor
proteins, CKIs) - CDKs 5 %a i1 8 BAF 4% 0 & L3R 8 - H @848 F 5%
& (pRb R H A8 & & pl07 ~ p130) t4&hERAL R % AR A& 1E A 8
Cyclins & CDKs &y EF & F % > sekeEy CDK 7F M 5 CKls & & 3H i
% > TH4p#%] CDK 7F1% - 3% CDKs A F#53# & & &G ~ Cyclins fv
CKls = 7 & I it 4o i 38 80 342 B K A2 4w SRR A A 67 P 004 AR 7
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(1).CDKs R ETFT¥%& G

B AT &4 3R89 CDK 20 K Aufg > 4540 4% & CDC, ( CDK, ) -
CDK,~CDKy » A& E 55| LehFE RS > A8 4090 - E1b8y
CDK &, 441t g 8 43 (CDK)#e — 48 iE 37 82 # {3 (cyclin) » AT & 3B & —

184% < &4 Thr 7% 3k b ey s Bk fbfo Tyr 2% 3k b &y E a8 1L o

CDK #%Ei#ht% » THEHE THE % £ 581t - k5821089 pRb
Re ¥ 4E A sk B & EoF » 4] EoF BL®y S #A48 B A& B 0 4% - BhEg
1t&) pRb 2%, pRb #t & 2k E,F 84358 - 258k 69 EoF 82 DP-1 s £ R —
TR #E$9 4563 DNA 945 T8 > BXE) S BA4a B K B #4% - B30

BAAEB R 25 0 s B G B A S % o
(2).Cyclins

B AT 48 3.6y Cyclins & 12 4& » 454 % & Cyclin A~H - R3E
ta R B HEABYBTAE 0 5% G~ S Ao M HER A R AR A ) Rk BA#£ & Cyclins -
Cyclins #4938 B % 37T LA 8y CDK /&1 » & R m i B BRI & dr » &
HRAEE B AR » Bk Cyclins vk fE AR &G -

G, #384 Cyclins &,3% Cyclin C-D~E & =# » A+ HAZ £
Z¢y Cyclins> CyclinD £ D, ~D,"D; E =fA 5 » =#! CyclinD

& AR B B 7 B R 53.196~63.5% ©Mes C K h — 18 4
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a8 (P) 288 (E) RARAH -~ 488 (S) ékamk (T) oy
I 5] 0 #2 % PEST /7] > 1 G H 0I5 A B €169 N K%
A B E b E G4 SVA0 09 THR Ik # EIA & & - S5
%% B, % G £ B 5 %) Leu-X-Cys-X-Glu > ¢k 5 7] — 4% 7T #2 pRb & pRb
MM Ea LS K4 CDKJ/CDKg 895 A F » 1% pRb #hEg 1k - #¢
1% tm B4 Gy BR i N S #7 o — ik 4 K B % (growth factors, GFs) ] 3% &
ey %iE » — 2 M GFs > CyclinD, gy K EGRRTH > Bk BE
%4 BB £ R % % (growth factor sensors)' ™ o £ G, #7 » & F % 69 R4k
“e tm PR BRI 54T Cyclin Dy 4088 » AeZ9Ma b miniE N S 27 > 1223
# G/S A RBFAIES B > B—&R %% Cyclin D, £ G, & ¥
BB IEE EF4E M o Cyclin E &£ G, #789 &iE 87 Cyclin D > #£ Gi/S
IR RER] 5% A SR BB T % &l BAMUE 440 Cyclin E
buRE o TTralbtmBniE N S B EERA R AG G/S %L F
&G g S H1& o CyclinE [#42 » Fo v & 464 CDK, R i
F A Cyclin A &4 5 -

S B Cyclins @3% Cyclin A - & & Cyclins ¥ & F4#& %3R8y &
G, 8 #A% CyclinE 242 %1% -2 A 2| S #1482 CDK, & 61 A+ AL H) -
& 4o B BASIUE 414 Cyclin A HU8 3 R & Cyclin A sE3 4] 4 i DNA &)

e &8 CyclinA £ SEIF ER/EH - B4b > € GHIE M Hf
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CDC, (CDK,) &4 > THeH A 4 n 2 A > Bk > Cyclin A &3k

2 M HA Cyclins82
(3).CKIs

1992 4 » Xiong % fr 32tk 4k Cyclin-CDK #4485 » 433 7 5 4+
— L EFEEH  BRARFAERTELEEAGRZASHOYIPH B T8
CKIs » CKlIs £t B ¥ BAH G HAGIER R S BAALRERE R
GREHWFT RTIATRRAGEAR - RECMAIIE RN To
BB ¢ — 45 pl6 ~ pl5 ~pl8 FoplY B E LW REE
& (ankyrin) 42 & #Av 4% £ 893 Cyclin D-CDK, 2, Cyclin D-CDKg

EME R e 03E p21 0 p27 Fu p57 0 A4 ] % 4E Cyclin-CDK /&M -

p21 AR B2 &8 6p21.2 » X 4% % cipl (CDK-interacting
protein 1) » wafl (wild-typep53-activated fragment 1) o =& L8 4% 4a fg
Top2l YheE L ARG @ - — & CDK a6 E # > 5 — 18 & 4
& B Fodp 34 78 4a B A% HUR (PCNA) - # ] DNA 8948 % - p21 &
N st Fo C 3% 0 Bl 4E & A2 i3 O @ &9/ A -p21 sEdp ) £ 4 Cyclin-CDK
EM AL RETRARBH R ERRRNZ —  RAMBATRT £
BB A5 R — B &L BT a9 B RE 9 R A2 B H b RS e

fe b p2l AR REIE o p2l AR AMEFKE L E RS pS3 AHifo
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RLEp 0 M pS3 EARGAARRERE P LE RO WHRIAAE p21 b5
ERREMBEPIIRFAMY - pS3EEFIE— M LRATE
A B IR AL B 09 TR AR B B 445 > 33 ub B B R de 38 B 04 2

xr 84
BP °

6. 4mfR AT &) SRk E AR

4 B3t &) M 78 ¢ (programmed cell death) 4% % 4@ i )8 <
(Apoptosis) > TR LFRA A BB AL R RKICIM LRI L
BEFAIEN 1972 > Atdiaptece— X £E8404E
WESHTHIFEFT R @BHOEETERABHYERM - Ribtafp A

— Al IR R AL AR R AT ARAEAENBARRTHRK
WX Az A e B FhBTE e T REFRAIEM T
WAR PR IE T o B e BAR IR A RE A SR RRRE S iR 1S 3k Sh R 93
B AR AFEETA RGMER > RIBRLALT - BHN W
JOIRE > mia AT Ll X8 Fsee) o A6 £ (development)
4 & (growth) ~ -4t (direntation) @42+ - 4af )8 A Bh EFr 4

MmERE YA Yo ¥ minil 25T B S58B4 RO A

4.

W

FROEENE L Blhota ot KM ROUV)RH AL BB ER T &

EARGEMTRBESNEAE EL& @B ATHBRETRKELEAE
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g 0o ABE PY e B A < B AE dm BT B b o A AL BLES A B
7R, 4m i B &4 3% 48 (Zeiosisor rapid blebbing) e % & & IR 48 & 4m L 4% 4 A
## (nuclear collapse) » 4m it & B R 784L ~ B P9 DNA 4% 5 #% ~ % flo € &
597 8k 42 (shrink) 92 7% 4 (condense) ~ & FS & 4% Bz & (PS) 4 B 19 1 408

&0 B A 25 9 da e 6 AT A AT TR 0 B B dm e 4 AR A B &Y de i R
#8 (apoptotic body) » It o #f 11 4m it 2R B % fm BR AT B0 0 A B — AR
S 2o Bl dn P 3 PR, ) 4 B3R SE(necrosis)  3E 7T ek D B 9 E A R 2L
R BRIE - R RERBEL  H—KRBAHF T BT AT
R — R QTR ] 0 bk D BT AE S| AR BIME A o AR SN IE
ARKER@E At &negimifit LA cBgd
taf s ) DNA #A% 58 19 D15 FE A2 A, 180bp-200bp B & » (7T B4
BB ERER) > Ml @iohEik 0 oA E 0 BB M
B R B AR el FRESMEFR 0 & REZLAIN

MEREE R o AR, i AT A E R R HR Y

7.t 8 RAR N SRR VR
“32 $£7— 23 B 18294 3 7% B Jo sesh Claude Recamcer 2 i » 2%
AT S R E $ A A 3R 0 B TLAEATAR 5 A AR A 09 H7 B S o 38 BT BR AR 4

Joe) A B E IR ATAG  BHNBENEEA EZNVE - BMHE
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BAZE R AR RCERBL RSB~ 1/4> MEBRETHE
5B B A RS m B 0 B A o

T a0 B Fo AL BRI WA 0 RRT 4 /AT £ 188
(1) B2 /2 o %8 9 7 A%, ©
(2) 38 4m B4 R A5 3R AR 7% ©
(3)8E 4 B, L 4o B S R H ~ KR B R BB I R AR o
()RR % 69 % 4 B, FF AR ofn 7 BE NG IR 3 B 38 38 R R4 o
(5) 42 5 75 3R A0 4 45 3G T, AR 3845 3 Mt -

FEIEAZ L8R5 5 BR i T % & Liotta 742t 695 Mt ~ FE iR fo #2 8
ZH BB AL R KR E R REIE A & BT R ENEN O B BLRIE
BRSSO T A VIAR B o — S UBRER T 0 BRI e A B B
ARAEBA 2 A% A AE R ik Bt Fo BB R A5 6 RE 77 0 BB At B B9 T AR
7 JE B AR N S8 A & B 4

FE 5 fn B T AR B9 B A2 FA AP I F o B A AR G A IR F R fm
B b i B A R R 2 A% 0 T EARR LN R e iR BRI AR 0 I
B P HEIE IR YT B 46 AL A fn B 3 AF R B AL H AR B LA IR LR
B BAIE N KR e e R B e 38 b R E AT e S A
1k o Ttk 4 o) S BT R E RS BB ARM A0S o

UL R AR BT ) B & A 4R % 0 454 VEGF ~ BFGF ~
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TGF ~ IL-8 ~ MMPs & /MR A RIS E & - ¥ > BN E A KR
F (Vascular endothelial growth factor ; VEGF ) & & & &% & & &) #)
#MEAF > VEGFRN K e R — R A4 RR K E2MFEANRARE
tf Eagflk ~ fit] ~ IAE3ME 23 - —F @ T &M F P & 0 B 38
B A BT EM AT REM - A EREAT > bR E A
MAEEB L Rk@M  VEGFRANEBARKRL G F > M
VEGF & 3£ 89 8 /) 82 % [ AR B8 B8 A% oo B 2 Ao 38 35 P 38 0 36 AR 38 4%
fE S TR o

BERFEBREGALAR  KEAA - RRADVHER/KRES  LEMR S
My RS ERABRESIR A MG, TR L KAmEEE
AR RS 6B A KR &) o TS EPIAIE F A — B
AR LA B A 1A A 0 BB A A IR T 2 A5 03B A2 £ B R 45 % e i 04 kb
it I AR B 4 B AS AT E AR A B 7 09 3842 -

ta kb it (cell adhesion) £ BB RE AR FTEAELHER
B kb AL R E MR L B E MR AR AT AR da iR SR de B
Rl &9 kL B 0 4% K 2y T 4 B, S 3K 4 B T 64 KB T o BEJER 4a B F] ) B 3 R
5545 BE I8 4w RO BB P B 3 tm B G P 2 0 SL A RER IR BP AL 0y A o
HE BB AT TN @R EABIR R SRS

% -
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AL BB BN R i Y RE 2B &Gl &R
BATC 4% 20 4 MMPs > X &84 (1) MEBREEHE (2) 9
BEgsa (3) REEEH (4) BHE - LA ETY MMP-2 fo
MMP-9 R & % tyhtE- B AT KA RE T aflnsh R E ECM &) 1%
AR AL R IR 4E 5 PR P R 425 B - M MMPs [ 4% ECM ey 4 2 B 2
MMPs R % & — 8% G Kb Rk s REFRNBR ~ Btk

Bk a - BHEGFSLEREBER - A5 MMPs &5
BN R e E S RS IER ¢

FE I8 fm B 6 ARAR TS B) %5 U 2 BE B da IR E N R AS By B 6 E
B o i fm B IR R IR AR AR R A BE 60 7 X R AT R B E ey o K o &
YA BLRE R b B 5 s 64 4 BEL BB T 0 A A B 69 A5 By — SR B H A B
BEA -BEEFGRTEA KRR T Wik B FRAE KR FHE @
FEARAMILER  SphRele FBARESL  E—FEREENE
G A PAE L E AR 0 EAE T AR R AT A EAL
Ed o

& A (invasion) & 5 B MR/ 4F R TR B BUR R B AR B T
B9 EAKAE > BP AL § 3L o 345 (metastasis) & 35 B M BE IS La B AL B
BEIMARANMKEE ~ B R > BRICRMBELE K BRER

B FIARSAT 0 N6 - S ABBALAS A 145 o R 4 B AN SLHEAS A —
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B BR RHRFSNARR T @R X8 A KX A8
A At o
BERZETAEBEROENEAR  AABRBET  RALT
R EABE 2t A BN RS 3] g R 4 3E i e 31
Lo RS EBIR D GERET LR @B EBE Y Ba— T
BFBIEF E ARG AER (basement membrane) — B &3
FE IR JERE T | 6 48 4 e R AB AFARIB I 2 1% 0 R R0 BB dm IR ) & 4
BER BARLGLERFKRE TR MR B AR ENLE R
HAMECE B > A NG (intravasation) - LBEIR A AL RMHE R
S o SRk BB BE B 4 B T B 3B Ty 34 0 RSP RE IR 4 B RE AR K
& BBJE B A S5 (extravasation) #9F X BER] f % KK S

HAERR AR BT RE  EHREE -
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1.

FEIF MHETE

R

AAREEZRKTI TR E LT RBDIGHAIR TR SCC-4 mintk
Wk R A TR FERMKERIGH AR TR SCC-4
MR B RN RARB X AR L — AR RREEHARTRE
SCC-4 g AR R FRANE > TERKBZIAR > LT A RE 5Rbay ot

R RAE (ko 3-1) -

AR E R SCC-4 4= etk

v
SR 3B 2 % 8 £ (berberine) & 22 K ] &9 75 B h

v v v

AR | | B ERR DAPI 3 &,

v

RARBAG DR

B R B SH R

v v

ROS - MMP - Ca%" | | @04 # 8 R 5 R

——

B H BRI E N

B3-1 AEBRZAF R R M
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2. @R ARIR
AEBRAER 2 SCC-4 ta otk & A8 F5 % ta itk ((human
squamous cell carcinoma of tongue ; 55 %, ) > A BRI ¥4

% Fr (Food Industry Research and Development Institute ) B%4% °

3. % SR
(1).5-BIS(4-HYDROXY-3METHOXYPHENYL)-1,4-HEPTADIENE-3,5
-DIONE

(2).Berberine : #% B Sigma Chemical Co.

(3).Dimethyl sulfoxide (DMSO ) : B & Sigma Chemical Co.
(4).DMEM medium : # B Gibco

(5).Fetal bovine serum ( B4 4 7%, FBS) : 8% B Gibco
(6).L-Glutamin (£ 8z# ,LG) : BB Gibco
(7).Penicilllum Streptomycin (PS) : B4 & Gibco

(8).3,3’-Dihexyloxacarbocyanine iodide ( DioC6 ) : B8 B Molecular

Probes

(9).propidium iodide (PI) : & & Sigma Chemical Co.
(10).Trypsin-EDTA : 8 A Amersco
(11).Trypan blue : 8 A Sigma Chemical Co.

(12).Disodium hydrogen phosphate (Na,HPO,) : #& & Merck
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(13).Sodium chloride (NaCl) : g B Merck

(14).Potassium dihydrogen phosphate (KH,PO, ) : B B Merck
(15).Potassium chloride (KCl) : # B Merck

(16).Propidium iodide (PI) : % A Sigma Chemical Co.
(17).PhiPhiLux®—G1D1 kit: 8% & Oncolmmunin( Gaithersburg, MD, USA )
(18).RNase A (Ribonuclease A ) : B B Ameresco

(19).Triton X-100 : purchase from Sigma chemical Co.

(20).Ethanol : B & TEDIA

(21).Ammonium persulfate (APS) : 8 & Amersco

(22).Acrylamide/Bis 40 96 solution ( ACRYL/BIS™29:1 ) : 8% &
Amresco

(23).Bovine serum albumin (BSA ) : & & Merck

(24).Glycine : B B Amresco

(25).Methanol : g g TEDIA

(26).formaldehyde : # B Merck

(27).ECL kit ( Enhanced chemiluminescent kit ) : # A Amersham
(28).Protein assay-Dye reagent concentrate : #% g Bio-Rad
(29).Protein marker : #% 8 Femantas

(30).10X SDS buffer ( Sodium dodecyl sulfate ) : & A Amresco
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(31).TEMED (N,N,N’,N’-Tetramethyl-ethylenediamine ) : 8 & Amresco
(32).Tris ( Tris (hydroxymethyl ) -aminomethane ) : 8 & Amresco
(33).Tween 20 : B A Amresco

(34).82% &l - #% 8 Kodak

(35).& % & - # A Kodak

(36).BioMax Flim : 3 & Kodak

(37).Agaros I : B4 B Amresco

(38).4% B 4 1b3X %) 48 ( DNA purification kit) : B B Gene Mark

(39).% & & # B #| (protein extraction solution ) (PRO-PREP ) : B A
iNtRON Biotechnology, INC.

(40).5x TBE buffer : B B Amresco
(41).Primary antibody (1°#u 82 ) :

(a). anti-actin : B B Oncogen

(b). anti-Bcl-2 : B& & upstate

(c). anti-Bcl-X1/Xs : # B upstate

(d). anti-Bax : 8% B upstate

(e). anti-casoase-3 : B4 B upstate

(f). anti-caspase-7 : #% B Calbiochem

(g). anti-caspase-8 : B B upstate

39



(h). anti-caspase-9 : 8% B upstate
(i). anti-Cytochrome C : B B Oncogen
(j). anti-cyclin E : ##& B upstate
(k). anti-cdk2 : B& B upstate
(1). anti-cdk4 : 8% B upstate
(m).anti-cdk6 : B& A upstate
(n). anti-Phosporylation ERK : #& & upstate
(0). anti-JNK : #% g upstate
(p). anti-Phosporylation INK : % B upstate
(q). anti- NF kappa B Rel—a(p65) : B & upstate
(r). anti-p38 : B& B upstate
(s). anti-phosporylation p38 B A upstate
(t). anti-pS3 : 8% A Oncongen
(u). anti-PARP : B B upstate
(42).Secondary antibody (2°%u%%) :
(a). goat anti-mouse IgG ( HRP ) horseradish peroxidase conjugated
antibody : # A Chemicon ; AP124P
(b).gout anti-rabbit IgG (HRP ) horseradish peroxidase conjugated

antibody : 8 A Chemicon
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4. RBHME - B

(1). Spectrolinker(UV box) : B4 & 18 HEL ¥ A FR /3]
2).tmpp3r bk m : B FALCON

(3).4m 32 % 4% : 3% A FALCON

(4).4m fa 32 % 45 © B B Nuaire

(5).tm st 2 % (Haemocytometer ) : B A Boeco
(6).48] 3 X AL 1% £ Ba#% 4% (phase-contrast microscope ) : # A Olympus
(7).#% & % F (TE-200; MILLTER)

(8). %8 KE ¥ # © 85 B Minipore

DT RALIE S ¢ B8 B Amersham

(10). B s fa R &3+ (C831) : B& A Consort

(11).PVDF membrane : 8 B Minipore

(12).Mini-3D Shaker : 8 & Boeco

(13).SDS-PAGE E k14 £ 4 * ¥ A Bio-Rad

(14).Transfer Cell Blot £ %1 : 8 A Bio-Rad

(15). /e %A% : B4 B Lab-Line

(16).7% X 4= foo 3+ 24% (Flow cytometry ) : B% B Becton Dickinson
(17).% % &k 4% 8% 4 HERMLE

(18).4 & X E 3t  from Beckman
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(19). 5.4 48 4% 4% (Olympus CH2 )
(20). 5% £ Ba 44 4% (Nikon LABOPHOT-2)
(21).B% % % 7% »#7 1% (anthos 2020 ) : 8 A Anthos Labtec, Australia

(22).DNA & k4 © B A Mupid-2

1
594

é

_yb

5. & mEe

Pz

%12 % (Berberine ) 44y > #£8¢ 37.18 mg > A% 10ml DMSO >
At & gk 10 mM stock solution > #¢ stock solution 4~ %] B R [5] J2 FE fe. ®
%—1/%3 > BL %/%FﬁUT y

o F X [C20H18NO4]™

Molecular Weight =371.8

EHRE (M) =5F2/8% (L)

371.8x10° mg / 1000 ml= 1000 mM
37.18 mg/ 10 ml=10 mM
F — Iy A2 & iE & 7] 14 iBcaspase-8, -9F0-3 & iy AIF#LEndoG#%
& HEANFREHmSCC-Atafptrta i Ay FHERMBZME T > #
LT AR R E M wiEE A REIT@RTE R KB (Viability assay )
T FFRRRERPEREHRILIBEEACs) > MICsoty K ik &

B
(Berberine) R BB A AW X TR ABH ERATA ZIEE - RERRL

B 1S5 uM ~ 25 uM ~ 50 pM ~ 75uM ~ 100 pM(4w %3-1) ©
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% 3-1 %2 % (Berberine) Z ft#®

Concentration of Berberine | 10 mM of Berberine DMSO
15u M 150 ul 850 ul
25uM 250 wl 750 ul
50 uM 500 ul 500 pl
75 uM 750 ul 250 ul
100 uM 1000 pl 0l

f o3 AR R R AR TR SCC-44m itk % #® FAK, IKK,
NF-xB, u-PA fo MMP-2 fu -9 #8/% &4 4a fs 83 £ Fo R N\ 09 5 T 1F A
Mz AR Y o EEIFARERE M TiE £ (Berberine) A REfT 4
e 2% 53X B (Migration assay ) #4m 4% A 3XE& (Invasion assay) 4%
77E BB R P ERFERILIR E(ICs) > MmICsohy 3 i& % (Berberine )
REA ARSI TRAAMERITAZRE - RERRLRETH A
62.5uM ~ 125 uM » B X ik B &3-1 o

B E R EH AR ER SCC4 tafath iR RSB M B &
FER MR TR P 0 A5 B E 47K B R 49 doxorubicin #2 Berberine
A 2R 34T 4w fi, xenograft Model 35 - R ERRLRE A A

doxorubicin % 4 mg/kg - Berberine 2 10 mg/kg °
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6. tmfairi
(D). 3Rtk

A$EE R SCC-4 #m ik ki DMEN 324 K5 An 10 %Bs 4 ik ~ 5
% L-glutamine & 5 % Penicillin Streptomycin % 3 %% » B 5 % CO,
B 95 % air B & 3TC ey tmfin3s &4 (incubator) #3354 » =X %
H— RIBRIRE o R B\ iR R bm B S R38R oo R A
EHRZ A -
(2). 4 K38 &

Frimbnk 2N £ £ ARME S flansk P2 RRBREE
# > %k PBS (phosphate buffer saline) 7 2b4m gk - %iF14 B ho
A 3 mltrypsin dEANBHE flansk > MERITCEH T RIES 4
& B 30 AR 3R 4e B IR VRN DL 0 2 B R R 3R o AR IR K R B e A 9L iE
s &k 10 ml # A58 flansk B4 Fu trypsin 2 A4F B > 4§48 F P A ik Bd
R E SR TR 1500 rpm #5454 o B B B IR E] & 3R
156 Mt fElde EFR > 230808 i BB dT I B o N 10 ml B 32 R
RAEHREERERAE G RA > B 20 pl 2 da fs 3 7R m A 80
ul trypan blue &% ° LA 3kt 2 4% (Counting chamber) 3t & %m i 3
B (trypanblue € &N ol LA Y ba o NS ta O kR E & > M T

Bl R R e ) -
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B BGHE (B R E) x 10 (10 ml 3BARR) x 5
(trypan blue 5 12 # )= 10X T8 B 4R » 3+ E A% ta Bk BH R
Fl3EAm Y o
(3).4m B, 5 RARAT

SCC-4 %m otk 4232 & A #ERA B IE F 14 > TH AR B 845 BRI
T ARG e RALARIERLGERZZHKETEIT @it
REG TR ARATBER@BAREN » LA — B Bk
B o R4 AT E B A BRI R T % DMSO (dimethyl sulfoxide )
NIRRT  EHERERER/ TR REeHEY  ENERTHA
A o B R A IR o i 30 F B AR BE Ot i 0 BE SR R R E
B R @A s BESK B EFR 0 o NF AT B H A 69 5 RARAE
A AR R dm A 2x10°~5x10° cells/ml > R 439 4 4 BN LAZ T4 4
- BBRARBEZAREY  1ml/ % -

B BARAE ik DA RE BEH 4°C > 15 min— -20 °C > 30 min — -80
°C > 16~18 /NEF—i% & Rt R EAR AT ©
(4). %4

BRI 2 AL BREAD BT UK EE
microplate s, dish 32 H U TR A » v B L E LK A 4B 24

NEFRIT R F BB RIR 0 S ABME 24 EFAI L BIA RIS R R A
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N M3 & o microplate & well fv A3EH KGR 2 ml > B A 20 pl
43 mlo BlAe 30 ul o R 2408 AR FE R R 69 0.01 454 R &

R

. R R e AR AR E R 7R Z (Viability assay )

MR b AR R 2 0 B RN fe IR ER R AR SRR S P R ERE AW
LHRARHNEZIAZ — ABFwb T BT EREETZE N -
MR B W AT R AR — AR R BT F e kR E e
FR o BEABE LB BT A Y R 2 e 1R R B e R T

BEA REERBRGEE -

Propidium iodine (PI) & —FE B 3 H] > A B R (w %k 3-2)
T A THeETEAR @A THRE TTheBEeXxEx
M 245 Pl TTEAN4a e Nz B &4 0 Pl €82 DNA #8875 P
2 A=T ~ C=G 4%ty 842 (hydrobond) 44— ; Fidehtafip B 1
B R R A Pl @ik fota o N ERE S > B PI L & T meyalie
TR @A 488 nm ey FH M R L P ATl d 4
BB CERBBLER L BEm@BA & > FLIE IR IL A 5P
i 2\ 48 B AR P9 3R 2 B4 CellQuest #3447 4a Bo 1778 & o

T B B A ta 32 A 6 well plate F o fmBAREE 2x10°/well

N AEALY > B AmMKEIRAESN > & well medium 48 4

46



3ml> 4838 24 ))NBH4% F% B 12 & 1% w AR B) R & &4 Berberine (15 uM -
250 M~ 50 UM~ 75 uM ~ 100 pM ) » BK B 32 A48 M0 Bl 35 4 & 12
24 ~ 48 B T2 /NBF o 3R BETBB N mAE 0 B ERRBEEHSE T
s N PBS Fiktafe— k1% 0 BiFmiEed trypsin RIE > BN 37C A
P RIE 3 setk o M mBBUCE T R 0 Ae N 2 ml PBS 2L ¥ F trypsin
BEAAREER ST > Bl 1500 rpm B 5 548 0 B 48]
#EFR > BN 2ml PBS Fikéafe > AL 1500 rpm #0805 448
R EF R > Ao PLEE SO0 pl (FRBE IR o BBAE) > 3
HRA% > BRESEFACS P » AR 0k iB/TH LS B

ERBRRY > Rk iFEE -

& 3-2 FERPIEEZ AR

Coposition |ConcentrationVolume (ml)

Propidium iodide| 2 mg/dl 10
1x PBS — 40
Total volume 50 ml

8. AR tmfetkéa B EA 09 5 A7 (Cell cycle analysis )
F) R R e B AR A AR B R SCC-44m bk 0l b BB 2R - KB BR

SREATRE £ RG] ZRET R REZ TR 58 > o B R e
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e 6 7 Ko B AT W b IR 77 78 R B BRey FBR - iR 209 B3 - Rk
FICsoty iR B 2 ha 95 38 B » AR R )ty 85 R 85 (6h ~ 12h ~ 24h ~ 48h ~ 72h)
5 B P B 4 i, e

e —RBESH B3 EFR WS m e B o 4 C
70% &4 B A% AT 4a i B & (vortex KRB & 0 BAF— B — B E A
BIZAN) B A A 2 mL 89ER - TRk BEEZHERE
P20 Coyk v iEmpig B ERTE » —ANETHTH -

¥ a B B 20 C ey k48 F 89 B € £ 2 overnight [3 X 45 4 B4
AKAEE B (1500 rpm > 5 5748 ) > KB L& R 0 w2 mL & PBS
Fh—RM% > BEEC—R - EIREFR SRR kA EEE
BESE F o N S00pL & PT 3 &) (TR R 4 B 0 B AR 3% ) > 4a i 38 27
Pl @2 e (dnk 3-3) 0 344 R46% HRer  Heampiki
#2 FACS ERE T » Bk 30 ég > B UR Ko lmZot &
4% ta i BN A2 38 200 FA%m AR > 1B FACS & % 10000 2% g > 24
Modfit LT® #k 58 :#47 545 ° 4%k Go/G1 ~ S ~ G2/M phase & sub-Gl

b % o
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& 3-3 mpe B Pl 3B 2 4R

o Y1 ## (ml)
Propidium iodide 20 mg/dl |
5% Triton X-100 - 10
1x PBS - 36.5
RNase 50 ng/25 ml 2.5
Total volume - 501

9. A R % Be & K AR 2 B E 1« MMP ( Mitochondria membrane
potential ; AY,,) Z xR
% i B2 B A 3E 41 » DioC6 (3,3’-Dihexyloxacarbocyanine iodide )

R— T FHmfo R v B —Mey & 43 A A e R AR RS 3 0 DioCe
L tm L P I 8 T RE th dm B R Sh e BAL £ 0 R e s ey s
T HE e TR ENER > THEHAD &E R R
(green-fluorescent ) X [k (cationic dye) MASMHELEEH AR T &
Bl & 4m o 2%, 2t R 32 64 B 5L T T B BR B ~ B2 3k 64 18 R0 F fm i PO R AR AY
B2 E i o kAR B2 A2 24 55 R B (mitochondrial dysfuction ) i@ % £ [% F 24
a0 B AR A T de B R B RS AR T AR 04 B8 A B Bb g A T B R R R
L ogFsAE o REERIE e BB N6 well plated » 4m BiAX B83x10°/well
ISR P B AW B ISR N 0 L824 FF B AL

(b % 8% 4m i B B 5 4F % 5x10°/well ) 45 % B BE M 4% Ao A 75 uM
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Berberine#]6 well plate (30 ul/well ) & F » 3% 05 ] 1814 04 40 0 35 45
LB EHEE P Ll APBSHE Mkt e — R 1% 0 B 48§ LA trypsin
RIE > BH3TC3AM FRIES 4814 0 it TR /wA2ml PBS
LA FutrypsinZ AF A 0 BEAAAREEDBECE T 0 1500 rpmiEsS
m4E o B3 EE R 0 B v A2 ml PBSFE 2kt pe 0 1500 rpmBg s 555-4% o
832 b F %k BRMMP % #|DioCg ( 3,3’-Dihexyloxacarbocyanine iodide )
(10 pl DioCes/ 500 pl PBS ) % |4 % Au X500 ul » % A = F blank R ju
HO R Ao Fe F) 0 43T °CHE A48 B 35 &30 mintk - 4545 EFACSE + >
LA R dm IR AR AT AR o0 4T > Btk sl & 100008 4= i 24 CellQuest #k
B 47 o d&blank ( H 42 #9peak ) depeak 4 10°~10'= Fcontrol (4+4¢
thpeak ) P A10'~1072 F » M1 gated#75% 1A Esample (4% 4 #ypeak)
E#AZ > ST MMP(Go []3-2) - peakfE & R AT HBEEM KT %

A B ARG S BB A R E A T -

Blank conirol

M1 M2

10°

3-2 MMP #4264 5 #7
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10,78 X a0 B 4% 75 1 B/ HROS (Reactive Oxygen Species ) & 4 Z 4
|
Rk b AT R AR E BT > R A@BNASY —E B A
LB B R E B W & A — i Oxidative Metabolites * 40 H,O,  O,- free
radical » v KA A X m o R A E R L RHp MW EE > TH
Dihydrorodamine 123 ~ 2’7’-dichlorofluorescein ( for H,0, ) =
hydroethidine (for O,- free radical ) % % K35 > Him L BATRE -
3 &y 2°7’-dichlorofluorescein diacetate (H,DCF-DA ) & A 2 % R B =
ROS #) Z 4 » HoDCF-DA &~ A4 & AME > THE el BidF &
ROy B PR ROS & & £ - HbDCF-DA & 4 4a i 13 &Y T B &5 55
(esterases ) % L E&RIL (deacetylated) sk JF % 49 DCFH » DCFH
oo NAE HoO, Atk = T8y DCF » St R E AR F
RS BL A BRI T RoBk  tm i g HoO, 090B % RE Bl ta B AEHE N 6
well plate F > fm B4R EE 3x10° /well AN IZ A m P > &3 24 /| oF
HEAL (LA B B RIS 55107 well) o 44 fm i Bk (144 Ao
A 75 uM Berberine > 30 pl/well 2] 6 well plate & F (R&LRE B 75
uM) > @R EFRI3EA (05124 & 6 h) > jo#aeriifg - dsm

B0 A ERIBRMSEBCE T 0 A PBS Fiktain— k1% > Biflene
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LA trypsin e 32 > EH 3T CAM TIRIE 2 4481% » Mafadt TR
A 1 ml PBS 2 & Fo trypsin 248 A BAF A7 A RAE K B BECF P o
1500 rpm s 5 5480 48]38 E 7% BAvA 1 ml PBS & %k 4a 56 1500
rpm S S 548 0 £ LR 0 B ROS % # H,DCF-DA # | (1 ul
H,DCF-DA /500 pl PBS) 4% Au 500 pl > % 4 — % blank R o 2 4,
FAuge B 0 R AuA 500 ul PBS o 42 B # 37 °C 3% 4 #8354 30 min
1% > transfer £ FACS & ¥ » LAR R 48 B8R BATA S oM » ik dbilk
£ 10000 %8 4= fiz LA CellQuest #2738 547 © 5§ blank ( & 4% &) peak ) peak
A 10°~10" 2 P > control( 4447 49 peak )38 4 10'~10” 2 P » M1 gated
#) 75% A b > sample (#%42 89 peak ) L A%%% > 4 ROS(4u[E 3-3) -

peak /£ & & & 4 ROS » 4% £ & #F ROS -

Blank control

M1 M2

10°

3-3 ROS &8 547 B
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11. 34 X 4 B {5 45 8 FCa’ " (Calcium Release)#2 H 2 4 8

RN 58 TR B ta SRR R ME £ Rtz d &
B W hhe 58 o B K4 # (kwoFura-Red ~ Fluo-3fvIndo-1% ) @i
ZEE ¥ &5 (Acetatoxymethyl Ester ; AE) E A 4mf4% > Indo-1&
ST R EMLES -  BLEELEBOEHEX  —RBEDTAM
> T 458 BoMBET IR LEB e LE R LR
% £ (RS E) UV 8988 T > Indo-1 2t & (emission) 4y
B G E e NS BET IR E B ML RE R &
H BT R LR BT R R 0 % R IR AT RIS BE TR Y
AEHE > BIRRE T ERERES - R RF@BEEne well
plate ¥ > 4o R BB3x10° /wellf N3 Hm  » 423824 45 B
sk (LA fm BB B 4T 25107 well ) > 43 fm B Bb it 4% A 75
uM Berberine » 30 ul/well#]6 well plates ¥ ( R LR E AT5uM ) »
BAFFREA (0512486 h)» pokkeffiz > dtaim
# ER RS EBESE P 0 wAPBSEH R —RI% 0 B e oA
trypsinig 3 » EW37TC A P RE2 4% > Hafitr TR >
AaAl ml PBSEA ¥ futrypsinZ B F > BAG PR A R AL K B B
¥ > 1500 rpmBES5454E 0 KR EFR 0 B el ml PBSHE ik tm

B > 1500 rpmdg 54048 0 4842 £ E & 0 BRIndo-1-AM & &5 % fo
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A1000 ul » % & — Fblank R Ao B b R fa e & 0 R Av A 1000 pl
PBS » £ EN37°Cie & 48 #5832 A& 1h » 10 minggsample T R
# — =k > 1hi% /m APBS#%2k » 1500 rpm#f.o5 min > 4842 &%

% mA400 ul PBS » Ftransfer 2 FACS%E ¥ » LAR R 4 fi 4k (AT

N
S
d

S M 0 B AR Jb ol % 10000 %8 48 B oA CellQuest 3k #2 5547 o AF
blank( & 4 #ypeak)3epeak 38 4£10°~10" 2 R control ( 4% 4% #4peak )
FA10°~10"2 73 > M1 gated£096 > 24 _Esample (4}4% ¢9peak )

4% > - #rcalcium release(dw B 3-4) 5 peakf: A A 45k FAE S o

Blank control

M1 M2

10°

3-4 58T A AT

12. DAPI (4'-4-diamidine-2-phenyl indole ) %% ¢ % &,
DAPI (4'-4-diamidine-2-phenyl indole ) & #&4% B& % 4 &
H & % — My binding £ DNA # & #8258 2 /& (minor groove)

o mp AT el R L EE L ( chromosomes
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condensation ) ~ DNA #7 % (DNA fragmentation) {554 » % fm

’

A

B AR E 0 B DNA B ZA% % M DAPI 2 3k & 3 LAR
HBMS TTRRINGEELBERMET > (B 3-5) - AT ®R
SCC-4 #m i 5 4% > %7 6 well plate & ¥ > 5 well & 1x10%ml (&
FeE3ml) %A 0 Rk r14 oA 75 uM B & &) Berberine -
B3 24 Fu 48 NBF o Au B BF RIS e lie > RIREBIREE
s PBS 7% 3 & > #mw A 3% Formaldehyde/PBS Bl & 10~15 4-4% -
Ao PBS ik 2 k4 0 BAvA 0.1% Triton X-100/PBS (1ml) 15
548 BAPBS R 2Rk BT RS FBREE AR > v DAPI %
& (1 ul/ml) 300 ul » B 37Ckisrgwrk 30 2484 - By - A

PBS #& 3 K& > 2 & BassE (200X) R4l

DAPI % #|

3-5 DAPI %% #1 DNA #4424



13. # 2 K5 (Comet assay )

¥ m e E ko (single cell gel electrophoresis assay ) # & A7

35 0y & B R Ex( Comet assay )’ 7] A R o #7 & £ & DNA 1815 (DNA
damage) f2 & > A — B E ~ BB AR E S oM o A1 A
DNA damage 1% % 4 B & > 3 & EkE 87 2 o) DNA & o
mREZRMG L dLTHRHELN &G > BLE DNA 093815
B o REBF SCCA tafn o5 > #87 6 well plate & F » & well
#& 1x10°3ml - [g B > 45 4o B B 11 4 o A 75uM 3 84 Berberine -
B3 A R BB (12 > 24 ~ 36 ~ 48 h)m 2 AT 4B Sk B ik T &
medium ¥ B A 3 uM HyO, (ho AR A 1%) 0 #4 gel 24
WK TEARAIE AN SSTCARSETHA > & 0.1% trypsin 200 pl
digestion 2 min » suA 1 ml PBS ¥ o trypsin £ A 4 4% cell ® %
1.5ml g% > 2L 1500 rpm & 5 min % EiF% 0 80 pellet
AaA 1xPBS 200 pl (BEAE KRB ERE ) B HIER A8
42 F3ess > B 70 ul 0.5% Normal-melting-point argarose
(NMA) + 0.5% low-melting-point argarose (LMA ) »#3% B L >
BEHRAUL 45° AEEILERAEA BREBETEFKA B 10
ul fmpii ik 60l (80-10) 0.5% LMA Aufe & — BB L » 4§

B AL A AELYILERAELE  REBETERKE  BE

56



lysis buffer » lysis buffer 89 & (ko k 3-4) > R X Z B LT K
fieL B b 4% & 24 Big (phospholipids) &5 #8 A% 37 - LA FI T & 89 DNA 4% &
A o AT B lysis buffer 1 hr» Bk E - BB E
alkalin buffer ¥ 20 min » 4% & 7« 4% K L > L alkalin buffer 2
E k& > Alkalin buffer 2 & # (ko %k 3-5)° £ X £ B 892 €4 DNA
LI HE AR B o 25 BT R 69 DNA Rl @446 B4k > 38 30 min (25
V;300mA) - #B#% £ 0.4 M Tris buffer » Tris buffer 2 & % (4w
%) 3-6) 4 pH @& ¥4 H¥B EH methanol ALK > juw PI

( 2.5pug/ml ) AR REEaMETEE » 3100 Fa4m 4T/ 3L -

% 3-4 Comet assay Z lysis buffer fz #

Lysis buffer pH=28~10
(BEHMEEE)

SM Na(Cl 100 ml
IM Tris-HCI 2 ml
0.5M EDTA 40 ml

Triton 2 ml
DDW 56 ml
Total 200 ml

% 3-5 Comet assay Z Alkalin buffer % &z %
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Alkalin buffer (pH=13)

NaOH 12¢g
EDTA 03724 ¢
DDW 1000 ml

% 3-6 Comet assay % Tris buffer % fit %

0.4M Tris buffer

(A HCI 3B % pH="7.5)

Tris 48.456 g

DDW 1000 ml

14. &% 2257k (Western blot)

By REX OB EA X ER Fa HIREAE > EXBA
HEREGEHRABEFEL -
(1) tafn%& &g 2z %3 (Protein extraction)

min kA 2B LSBT @R G2 E 4 F 2 Protein
Extraction Solution( lysine buffer ) ¥2 PRO-PREP  #% fm fg f& 42 7> 6 well
plate ¥ > m B4R BE 5x10° /well AN A m F > & well medium 42 2
A 3ml &8 24 N5 B 3 R AR 0 A5 4a iR BE 4% v N T5uM Berberine
2] 6 well plate (30 pl/well ) > & R 5] BF ] 38 & (6~ 12~24~36 & 48h)

M RFRE o miE o B ERZBEECSE P uA PBS Fikiaie
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— R4 B @R trypsin BRI > BN 3TCIAMA PRI 2 ntk
H 44T TR 0 Ae 1 ml PBS BA # Fu trypsin X B R > BAF AR R A
# 3| E0 % F > 1500 rpm B 5 4 ER EER 0 AAeaA 1 ml PBS
Fioktafe, 0 1500 rpm B 5 448 0 B3R LFR 0 voif PBS &g o
B Au 100 pl lysine buffer » #§ 4m f & i¥34 4 » E#-20°C overnight -
Z 1% 8 (14000 rpm > 20min ) B _E#F#%& > A lysine buffer #1 4= jin &

BRAZRE BEFETEAELSZAE  ZTOEAELZERE (R

* 3-7) -
& 3-7T ZaEEERIEH
Ea g EE(ug/ml) | 100mg/mlBSA (ml) DDW (ml)
100 500 0
80 400 100
60 300 200
40 200 300
20 100 400
0 0 500

Q) ZadREAZ
FOERERME  BREFEFOEIRESKREZHEESE U
Bradford & €% > 1 A Bs 4+ fo75 & & & (Bovine serum albumin; BSA )

EIFE G HARE & A A B % %% 5 # R (ELISA reader) £ O.D. 595

59



nm B F &K G G AE & LR G R 4R (standard curve ) > A& G
ERELBRALEAEHEEELKRESL B REMEE T 2K R value

H =k B Bradford £ %) 2 ml A 8 ml —=k kK (5x#HF) 4534
A BR15 ul BB iR G HAZ & % (BSA) #v 735 ul Bradford % |
RA Y 0 BEX 96 well plate ¥ > & well /w200 ul (=F4# ) #%
E 5 min % 22 O.D.595 nm Rl ERAME > BFZERZBRATFIHE
£ 0.D. value (Y) % & & pg/mL (X) » K #4838 ¥ 52 % —y=a
x+b R’value MER 099 RALBAHLEATLE - HLHFG

% % & » B 15 pl sample protein ¥ 735 pl &4 Bradford 3 %] (5 12 ##% )

5

e RIES ik  FIEAEREL —RATREME  FIIFZRE
I mAy@E(y=ax+b) K# 3% sample 9% & E R & (pg/ml)-
(3) EAXB R HERZTGE AN

EAB R BB EGTHRAREG  BAB TG RS T E N #A
F SDS-PAGE - # &% 4789 T /& B Separation gel X A4 & P >
SDS-PAGE T & (Separation gel) 2 % & 48 & (k0% 3-8) » H LA
isopropanol xR F AL B-FTB > #FE—KER > TRELTFTE T
FIRTRE R TEE > 5T RBEE R > 4% isopropanol 3 » EA

TR iE4E L comb » SDS-PAGE L & 2 (Stacking gel) 2 &% % 4

Rk 3-9) BEBERCELE  FLEBEREKL  HEFBRKE
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WEXE P > AwNEREER (running buffer) - He 3 X E 8 &

B g #1 5X protein loading dye ;&4 3 24 100°C Av#k 10 min 14 > 7k EA

AP 1% B S AR AR AR 2 4 F £ 89 Multimaker 5 pul & & sample 18 pl

SEANB LA T > B E K 80 Volts » £ 4E bl

EREEAE 110 Volt » AT E

1% stacking gel 4% >

7k > & SDS-PAGE % #| 3 i SDS-PAGE

BRETREER B THBER -

% 3-8 SDS-PAGE TF & B (Separation gel ) % & & 48,

10% Separation gel | 12% Separation gel
PR, .
(WE2) (WA &)

40% Acryamide/Bis (29:1) 5 ml 6 ml
Running buffer 5ml 5 ml

10% SDS 0.2 ml 0.2 ml

10% APS 0.2 ml 0.2 ml

TEMED 20ul 12 pl

% 3-9 SDS-PAGE LR B

+ (Stacking gel ) % Be# & 48 5%,

: 85 Stacking gel (W@ f & )
H,O 4,06 ml
409 Acrylamide/Bis (29:1) 1.02 ml
Stacking buffer 1.66 ml
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109 SDS 66 pl

1096 APS 33.4 ul
TEMED 12 ul

@ATEABA U E G A AR > #E S WL A LN PVDF

A\

membrane #% 37 %% © B 24 methanol 48 ¥ &M% 0 B2 AP EMSER
(transfer buffer ) F » #2435 84769 JE 48 /2 /8 48 transfer buffer F 4
o RaFkiThL > BRem# T o BEG3 A AL transfer buffer
TR AR A B Sk B Bff 3M R 4sE £ 3T 2R3 T & B (separation
gel) ¥ pr B 48 5% 64 & 3% 4% 0 4% SDS-PAGE gel /v S 84485 3M JE 4K L
T 48 4 L Au N % & &Y transfer buffer » & 4%t SDS-PAGE gel 85 %) /4
ANAEAT R BRAFM L PVDF membrane - B4k & 506 & £ 0 R
M R4 REEBR E— R B4R R > Pl EESA i AN
R4 TS ARAL ZBA S ke Bk 2 4k (B 3-6) c EATHE A transfer
buffer 89 Lk T4 Lk #A &4k 0 &2k EAR > BRI EKE LS
K o BB R G AR ARIR AR AR o 2L 400 mA ~ 2 JNER 4R T AT
FOEABALR B TR ERE S RIS BEPEAL
0.05% tween 20/1X PBS #7k 10 448 4L 3 k- R348 #5 Ep B 1A 2% FBS
(77 0.05 % tween 20/1X PBS ¥ ) #47 blocking % 8% » ;A& |

NI B AR AT o BRI EREPEZ PN A P 2L 0.05 % tween 20/1X PBS
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EUE 10 4E it 3 R o BRI ERIR 0 A Sml By — &I (RN E
o # % blocking solution ¥ » #HBEEHRARINEAALE ) »4CHa
REATH F - Ta REE > B — &40HE > 24 0.05% tween 20/1X PBS 7
TeRREPRE 10 4E 4 3 &k o puaA 8 ml #EE 10000 128y goat anti IgG
(HRP) horseradish peroxidaseconjugated antibody —#&FiaE (&N
% 2% FBS # 0.05% tween 20/1X PBS F) > W ¥R T4 &4 1 /)
B 12 B #R Ep g% 2L 0.05% tween 20/1X PBS 2EF 7k 10 o484 3

RoOABRTEITRA °

R b~ EAR (+)
3M paper 4
PVDF membrane

SDS-PAGE gel

3M paper

e Z~aim(—)

3-6 #F ki P93 4,
4) BA
JE R sbJBAEBE G P AT SR EP IR ECL R A 2R k(&
FRABR 1.5ml EpliRs) ¥ 1 28 RE - ARRZ B A B TN

cassette P§ > $REPRE I F 3R L EWNR B FE (cassette) HmikiZ%
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k@ Fd > & Hyperfilm #ch BN ERBHZF R £ HERPBEETRE
o BRER MRS ERAREAERMKE > 5 HE ] IF
FEHE - RATREBANBD R ETEL S R(FRRERBREAT)
B UAF RN T 30 R MANEZEF 0 1830 B4 B F KR 30

B R TIOR8 0790 001 B T B L signal MAGRE R L2 -

15. Real-Time PCR(Rp 0% & & 7 5 B 12 &4 R JE 5 #7)

£ AR E B > Real-time PCR AR A8 B a9 A B (AIF,
caspase-3, -8 Fv -9 A& EndoG. )4 K [ 4a fir &y cDNA ¥ 45 £ 5] ( Bp
mRNA 48 > M%) -
cDNA gy & 3 htmfn > HiZwmi > Trizol jE3IRRNA » R4k o
#K1% > # FA Real-time PCR #3737 18 B & & | (AIF, caspase-3, -8 v
-9 U A EndoG) #9F - AEBR T HEEMTS nMEFESCCA 4a fip 42
B (0~24~ 48/]\8F) 1% » pAQiagen RNeasy Mini Kit 2 Bz 4 total RNA >
RNAR R #ktk b2 A 2 2 2 89cDNAR K #FKtRBEZERL AR
F242°C 8 304484 - Quantitative PCR % 3% 2 # 47 A F 89 K 32
50°CHy B 2548 0 95°Cey B E 104548 > LA95°C, 1580 » 403K - >
Fl cDNA & R, #4%Kit 1 ul 60°Cey 8% & 148 > 2X SYBR Green PCR £
R A% k4R (Applied Biosystems) » #2200 nM g4 i & $2 R 5 5] F

(k4-1) B— 1B LR £ A % 5] 87300 Real-Time PCR 4 #
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45 F] =A% e &k E A B 24 14 T b comparative Cr method jg ¥ BR 4% A

% 6ymRNAF- 7 69 % # -

16. Bz 4% (metastasis) RER

fiE % #2 % (metastasis ) X5 6,3F 4m Ji £5 83X 5 ( Migration assay )
1 %m 4% N3 Bk (cell invasion assay ) » ki 4o T
(1).%m it #2 $p 2B ( Mligration assay )

S5 6 wellplate #32 > B EH 1om 9B % » AR HRBRE
R > #Ei% SCC-4 tm iy (#) 5x10° cells/well ) » 4 well medium 48§
A 3ml e RAF e b g BB R NS RIAMEITRIRER
#u Lt berberine(62.5~125 uM )» # 37°C ~5% CO, &y4m iz Hfa3% 4%
& 12h~24h~48h~72h 24 > B > NEMETBRE @RS o
R L BAE -

(2).4m fi2 43 N3 B (cell invasion assay )

1= 24 well Transwells upper chamber ¥ coating — /& matrigel ( A
1% % B 38 H A FF2 1 42 ) » loading 50 uM matrigel » # 37 C 32446
¥ 5 4% matrigel £t B o W B 4a B 0 P B % & 53107 cells/ ml 0 45 %
4~ FBS #y3z &% ;£ A 24 well Transwells #4 lower chamber + » 5 well
EA 800 ul (& 1189447 fibronetin ) - 3% %18 upper chamber

RN T e A medium &9 lower chamber ¥ » & upper chamber &) well +
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ENCHEEEE e a0 & well JEA 200 pl (2 1x107cells) » 431

A AT BB berberine(62.5 ~ 125 uM) » #5248 # B A 37 Cit & 4
P o4& 48 J\WF 44 0 #% upper chamber B % B FERT 0 45 @A T A9 —
LA ¥ B2 (methanol ) Bl € » K EA-20C ey ks L - 30 négEx 1% -

B A PBS &=k ° fw A homotocylin stain ¢ &, —/\8F = 1% > | PBS
FRMR o KB UM LR E membrane B — @ AL B F Y i
U EAMEE (100X) e EH@Eemip - 3t E=ERY > F—ER

B_EH 0 PHERYER

17. BRS04
e A A R AP 3 AR £ (mean £SD) K &R 0 it & A
Student’s ttest SAFFLLBE > B oAl iBax £ B - * & wp<0.05 -

ARG LEBELER  HRAREAKIESR
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fwE &
% — 4y %% % Tk i@caspase-8, -9Fv-3 & i AIFLEndoG 48 3%

BABREESCCAmatkta ok AT o FERABB AR

HEFHSCCA I FERZIPE
MR TREDENER BRr2 i H ARG EA AR
BE > BUR X @Rt SR FH a6 = HAE o W B
1224~ 48/ 05 » 45 R BT R A F MR R REEMEE
(0~15~25~50~75~100 uM ) 3% Ao f#75& » 3t 97 43 i & i F 491C50

K4 BT5uM (doBl4-1) -

120 1
100 A
g
£ 80 -
=
=
v
3 o0
S
=)
i
£ 40
2 —e— 12h
—O—
20 - 24h
—¥— 48h
0 T T T T T T
0 15 25 50 75 100

Concentrations of berberine (uM)

B 4-1 X tm Bt AR 4 i A7 E R 2 R o

(n=3 > *& 7% p<0.05; ** &5~ p<0.0l » BA L%FHEKE)-
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2.

¥ 38 FHSCC-44m pl bk & 40 JL 3B 2R 2 %5
%% (0~15-25~50~75~100 uM) K SCC-4 4o 42iB

48 JNERIE ARG 0 DR A e Rt B B 0 R mE

BH Go/GI BA T > G/M EF > apoptosis EF » L T/F 2B E =7
B EFHBE AR EFR SCC4 o fakk i) b B B HR 15 B0 Go/Gy 0 33545 tm

AT AL (k@ 4-2)-

(A)
Control 15 M 25 uM
H gl 2]
2]
& 2] |
sH 5 5
£ £H 5
23] = 8]
5
&
H
H
A‘O Cha:‘gels (FL2—A1)‘ZD 10 ¥ Char?gels (FL2-A1)20 %
50 uM 75uM M 100 uM
3 ; 8]
2 8] 5
£ £ £
2 Y 2]
2 2 |
T ° T T T T T
“© Ghannels (FL2-A) ® “ Ghannels (FL2-A) Channels (FL2-A) o
4-2 ml_fk‘z‘ﬂ H@'%"fé Bt BBl 2 E R -
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3.

(B)

30 q

25 A
*
20 A

S
L
n
2 15 |
ko)
Q
o
Q
< 10 A T
-
° T
O T T T T T T
0 15 25 50 75 100

Concentrations of berberine (uM)

B 4-2 4 (n=3> *%7 p<0.05° BH%BEEKE)-

TR FHSCCAlafu kY B RMBEER (MMP ; AY,) ZBE
wiE A A TBL Y 0 LM AE X3 (mitochondrial
dysfunction) #&E % — B TR A & o KM im0 B O HRA %
SRR 0 RGMBEEMY TR - EFRRSORMAERA
HEANRKZERR > FTRAHRBLHELE @A TCHRGEK
(cytochrome ¢ ~ AIF ~ Endo-G ) » # m4%1{# 48 Bl caspase %48 7F4bft
e AT e
EHRERBEF UFE2E(75uM) RIEAEFR P (0513

6122448 /b)) » FREHEREBPIREEBEEMNET A P
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B b 2~6 /NEEHHBO TR BASKITERAEAKE ma 12
NEEUETHRORERY AR 2 ERRARENG LR HEH

P a5 ho e 24 NEFIRH: > BEMEARBTHE (WE 4-3) -

(A)

150

1h

120

90

Control

Counts

24h

60

48h

30

103 104

B 4-3. %2 £4 SCC-4 tafathty) MMP 2 4 £ -
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(B)

70
60 +
0 i
©
© 50 l T
o
9]
o
o 40 T
=
= *
-
6]
© 30 - T
o)
8
& 20
g i
o
o
10 = k%
O T T T T T T T
Control 1 3 6 12 24 48

Time of Incubation (hr)

4-3 8 (n=3 7 *% 5 p<0.05; ** &k p<0.01l » EF s 3tEaEKE)

¥ & FHSCC-4mfatk HROSZ H &

FRIiE L 0 & K249 ROS & A 0 » @Rl m ey 8ALB /1 L5t
M 5| AL %a B, ) Mk 6932 R JE o Bp @it AR AR RS IR B A &) B 0 4R
FFABBE B B cytochrome ¢ FEH 2R 0 3] 88 F a5 RE > 7E L%k G 4 BE
i M % AR apoptosis & DNA 48 8F » 8y pS3 R AR EIL > &
MR —i2 B R AT RIE -

ER&ERBET  Uw2 & (75uM) R¥EA&EEH T (0.5~1~3»
612 24 \6%) mfl @ EAREWAGE 224818 12 /| \Fig

BdAR THENEY (B 44) -
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(A)

80 100 120

Counts
60

Control

4-4. 3% ¥ SCC-4 mhntkty ROS = & & o

(B)

40

30 T T

20 -

_|

Percentage of ROS productions

T T T T T T
Control 0.1 0.5 1 3 6 12

Time of Incubation (hr)
4-4 & (n=3 » *%&o% p<0.05 » BA %3t EAFEAE)

72
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5.

R EFYSCC-4ém Rty 558 F R4 (calcium release) X 3%

AR BA ik i AR e i R O L e B P 4T BE T B9 BRI B B4R L
HEEEETSUM > A RE M2 (051361224 /]\8%)
& 0 WER G R 0 Ao NEGEET &k B Indo-1-AM - B4 PR A e B AR
18 ) 4a B, P9 45 BT FEAL Y 1F D o

R fsarEE (2~12 /N 8F) fmih 45T K 0%
Py e ot o e KR (24248 72) & P @B RBWRE

5B TR - BAGHEAEKRE (B 4-5)-
(A)

A

~—

80 100

Counts
60

6h

103 104

Indo-1/AM

4-5. Fi2 FH SCCH4 mf k558 FREKZER -
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6.

(B)

50 1

40 - * =
§ *
@ T =
o
& 30
©
O
Y
S)
S
8 20 - !
c I
o
&
10 '|' '|'
0 T T T T T T T
Control 0.5 1 3 6 12 24

Time of Incubation (hr)

4-5 & (n=3 *%7F p<0.05° BF & BEEARE)

K2 FHSCC-44m etk #] ADAPLE & 3 &A1 A T fa fig

¥ ELGEE (75uM) R IZASE S SCC-4 dmfi > 48 (2448 »
T2NEE) 244 0 Km0 A DAPL mfa i & 0 £ RIBAME TR
520 2 tm B 48 W dm BB 8848 0 DAPI | @342 DNA 4 AR 32 5%
sJvi#& (minor groove) k> 2B A &R -

TRERBET  SABEMBETRE  mELaTUERLGLS L
e RE T R AR ABEA R R MmiEd @A A BT R

K (o 4-6) -
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Control

4-6. DAPL 3t &.#2.5% DNA 15 % ftfa i A v 89 4 % ©

%38 £ ¥ SCC-44a Bk #] A Comet assayis 8] 4m f DNAJE 15
R FLURE (50~75~100 uM) RIZAFRE R SCC-4 ta i -
& 24 er 2 g 0 d TR ET R 49 DNA 36 3 B 5h 0 2L P % e i 32
& 5% RIASE T 8 5 B X DNA @ 2336 B A9 3R R 3 X 4% Comet
assay °
EE&ERET - #HB4a (Control) ZHFTEEN » DNA R F B

RO ARG T ARSI ¢ i afg iR 3w T 4537, SCC-4 mfinit
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R GHEE > K% DNA damage 4B F v & (4wE 4-7)-

Control

100 pM

4-7. Comet assay#x 8] 4m fu DNA1E 45 89 4 K -

8. B REERA R BRANEGERNERR
SRR e RReRR > RFsE SCCAmn e fit £k
#% 0 e BB ERAE A GO/GLER o Bk > B i — 5 35 3t 92 4 i, 1 BR 42
HMAEAENEEREXRBBE - NAR GBS R RAMBHE S
Wy &R, o
BB RHET %2 £ 75 uM K32 SCC4 mpr@i® (012 24~
48 ~ T2 NBF) 14 0 Futm B A& G Bel-2 v Bel-xL &R 0 e A

T AT %& & Bax, Bad f» Bak ;£ # (B 4-8A) - Cytochrome c, Apaf-1,
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caspase-9 #Fu-3 4% k- (E 4-8B) #v Fas, FADD #v caspase-8 42,

(B 4-8C)3x 14 1% Ak, 4a B A (apoptosis ) °

(A)

Bk [ R | 26kDs
Anti-apoptotic
Bel-xL | W S 30 kDa
Bax 23 kDa
Pro-apoptotic | Baqd 25 kDa
Bak 30 kDa
B-actin (W W S S

4-8. wik F 3 SCCA tmfioth iy tm LA H AL Z G 0 AL K

3, o
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(B)

Time (h)

0

Cytochrome ¢

Apaf-1

Caspase-9

Caspase-3

P-actin

B 4-8 4

©

Time {h)

Fas

FADD

0

Caspase-8

M '

i

B-actin

B 4-8 4k

78

15 kDa
130 kDa

43 kDa (precursor)

37 kDa (active form)

32 kDa (precursor)

17 kDa (active form)

48 kDa

30 kDa

45 kDa (prccursor)

20 kDa (active form)



9.

Real-Time PCR % #7
BEFE LTS B i — 2k G 48 B (caspase-3, -8 and -9,
AIF and EndoG)» s & 24 2 21K B 89 mRNA g9 k%> B47— % 7
&9 Real-time PCR 48:8] 5 #7 (2o %k 4-1) > %i& % 75 uM £ 32 SCC-4 %
B 42id (0~24 -~ 48 /)\8F) 4% - AIF, Caspase-3, -8 Fu -9 Fv EndoG

ZEAE S mRNA 8 &R ey (ko F 4-9) -

& 4-1 A A 3] F&E% X34 DNA 77

Primer Name Primer sequence

homo caspase3-F CAGTGGAGGCCGACTTCTTG

homo caspase3-R TGGCACAAAGCGACTGGAT

homo caspase8-F GGATGGCCACTGTGAATAACTG
homo caspase8-R TCGAGGACATCGCTCTCTCA

homo caspase9-F TGTCCTACTCTACTTTCCCAGGTTTT
homo caspase9-R GTGAGCCCACTGCTCAAAGAT
homo AIF-F GGGAGGACTACGGCAAAGGT

homo AIF-R CTTCCTTGCTATTGGCATTCG

homo EndoG-F GTACCAGGTCATCGGCAAGAA

homo EndoG-R CGTAGGTGCGGAGCTCAATT
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Raw RQ (Relative Quantification)

I Control

N [ 24h
. EE 48h
* %
* g
* g
& ES
%k
*
*
% - "
% sk *

Caspase-3 Caspase-8 Caspase-9 ATF EndoG

4-9 FiF# SCCA afigtke) mRNA &9 R FLEAL -
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10.

B =34y w2 £ T8 FAK, IKK, NF-kB, u-PA v MMP-2 #u

-9 BB AR E R SCC-4 tafa kI BB A RANAFRBRBZ AR

%1 FHSCC-44m otk 727€ £ 698 & (Cell Viability assay)
WS THREVENER FRITEFH B ERFEAR N
BE O BUAX @R E R R e irsl ey FHIER o ik
024 48\ RBT RRE RO A R REEHRE (0-
62.5~ 125 uM) ¥ hofmidisk » 5| 265 24k M (dose and time-
dependent ) » AT 53732 & ¥ 4a By 38 Hp 1] 69 55 MEAE B 248/ BF 0 62.5
125 MR & > o775 5% 040 & 52% » {24224/ 6F > 125 uMiR

o a7 iE R o (E4-10) -

H oh

p—

oy

=
T

[ 148 h

— —

' a ] = o

=) = = = =
T T T T T

Percentage of cell viability (%)
9
<

[—]

Control 65.2 yM 125 M

Concentration of berberine (LM)
4-10 MmN mp kAR w7 7B R X R -

(n=3 *£& 7% p<0.05; ***p<0.00] » AH %2 LW ER)-
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11.

R & F HSCC-44a fig #k 49 38 4% (migration) 2 % &

AERIFAFEETRLTRIH SCC4 oty #8 - P dtmin
# 83X & (cell motility assay ) 3Ff& SCC-4 tafafEesc 1 - Em's
Y AE SR mpe) g AR MA PR E W mBE AT B4R R4 FBS
B3n iR BATER - % £ (0~62.5-125uM) ¥ A$EEH SCC-4
ok 0~ 24~ 48 /B X AEE A RE ) o BERERIERI A 0 7 12 /)
B BR ARS8 ey % > B E BRI o B8 F A - Miviki P
HiEFREAE 125 uM 0 48 /EF R AR PABR GG AP IR - R RET

¥ iR E AR A ] SCC-4 4afg i #5 4T (migration) (4w g 4-11) -

Control

62.5 M

Oh 24 h 48 h

B 4-11 %&£ 4 SCCH4 mnthiphl e R -
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12.

¥ FHSCC-44= fa#k 89 14% A\ (invasion) Z
REBRITAS e o AZ N B9 AE /1 > 42 B Boyden chamber ( 4m i #245 o
WH) ARBERE@BBEANGES > Fi2F (02625125 uM) #
AFEE I tm e SCC-4 tm ity 48 /NBF AR NBYAE ST > 33T BAR N fm L 8L
g o
BERMBET A8 PR FREFE 62.5uUM REMFRIH T FE
58% w2 & 125uM FHIpH R THEZE 42% « 3B F 712 F o9 E 7T XU

] fm B B F A Lo (B 4-12) ©

Control 62.5 1M 125 1M

4-12 i F ¥ SCC-4 m B bhdtp ] 4 B 42 A (invasion) 4 &5 & -
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13.

(B)

120

100 ~

80 r

e S 9

60 -

— % % %

40 t

Percentage of invastion cells (%)

Control 62.5 uM 125 pM

4-12 & (n=3> ***p<0.001 - AA % E LW ER)

7 F B Bh ok R 4a B 64 #%5 4T (migration)Fu4E A (invasion) 2 48 #f &
=R 30 E )

& mpn e B AN FiE £ 125uME FESCC-44a fiin 2238 (0
6122448/ 0F) % > B ES REERAEME O KRR -

T & R BE - MMP-2 Fu MMP-9( B 4-13A)>uPA( B 4-13B)>
FAK, p-INK #o p-ERK ([ 4-13C) > IKK #= NF-xB ([ 4-13D) %%
BB H A% 0 kB (B 4-13D) A8 804 4] 4267 3% v > MMP-2
Fo MMP-9 tafin eg & foZ A E AR EZNA &> BLEFETHR
H 3k SCC-4 4m A 48 37 38 F IR 3244 AE 0 5] 4 Bl 09 AL Fu RN
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(A)

MMP-2

anvo | T S

ACHLN | om—— cm— — ——

4-13 Fi2 £¥ SCC4 mp ki R G &

(B)
Time (h)

0 6 12 24 48

ACHD | ———— ——

4-13 %



()

4-13 4

(D)

IKK

NF-xB (p65)

B

Actin

4-13 4
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% =34

A#B AL

FREEHABERE SCC4 mph AR BEBN ML T4
14.

7~ 8

# & # 74 A (Mouse Xenograft Model)

ABIIRHENRRE BT A REETR
HHmPoo(sk
BIE R AR

_T.

~

SRR RG]

cﬁ
5

CXVES

g Y

pin

R
B) REAFRNIZEN O > kit
/ﬁ%}% FEﬁ ’ 71(%’

FE 71 48 F0 g &
¥ E Bkt ko (B 4-14)

t{&’

Xenograft
Implantation
Acclimate Solid tumor incubation
(1 week)
BALB/¢nu/nu
m

(10 days)
i |w%
v v

Treatment with
10 mg/kg/4d berberine .p.

= 100 mm?

Dosing
Day 0

Day 10

Day

10 14 IE 22 26 3!: 34

Measure tumor size
and body weight

Sacrificed

Measure tumor

weight
B 4-14. 73 £ ¥ SCC-4 fJg o) R A2 R A5 AR 09 | Bexcst

F—E W H— AR @

JEIRF % > B R
tampe, (1x10°) AN PBS & FiESIW R RS F I

L k578 > SCC-4

ey A IER
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15.

NEHREZET > sRZEEENE) FEREESANKREHLE
%10 X > BB A% 100 m m® KOINBF > w0 R L HE PSR — R(E T
B ¥4 R xS DMSO» #4484 — 4t » — 48.7% 4% berberine
(10 mg/ kg) » % — #a7% 4t doxorubicin (4 mg/ kg) » —H 2P| % 34 X » &
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XSt RREREE] 0 L4571 41 100 pl  ketamine (80 mg/kg) #Fv xylazine (16
mg/kg) > Ao R BT RARRZRBOEE > ATA QAT

KA S ERPH YRS ERE R RT 0 0§ 5
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&

Bk #% 8 (Xenograft Mouse) &2 FRIEHE HEB AR
ZFERRAEN IXI0'SCC4 faf 10 R » R m=t &

— 4% R x4 30 Wl DMSO » % —#87% 4 berberine (10 mg/kg) » % =

-

4a7% 4t doxorubicin (4 mg/kg) » A% 34 R4 » A T H@AERNE
Z@wmE NG AR R BEHMRAZEBHK
NfeEE e

B e RN s (B 4-15A) —ma@&ha & RETHEY
Bt EmAaE gk (B 4-15B) berberine 48 Eb37% 4] 48 ¥k /) B 3
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o7 berberine 48 tbiE # g B sy Kk (B 4-15D) -
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$E% i
¥ — 34y %312 % T i@caspase-8, -9Fu-3 & B AIFEEndoG i 4& 3%
BABRTR@EHRSCCAmfs At o FHERABRBZIAR
BREAANBEZHECERRE HLE&R ke NmBmE SR EZR T b
B R e A EERRE T SRR R e E L e A
TABEERNEEZRG - ENHE S HREN @B ERE REBR
LR Gmokhoidny 77 o da B A 548 045 caspase-8, -9, -3 Fo -12
Aok SRR AR R B min e F C e R B RS Bl He 5 e
7 k. Apaf-1 #u caspase-9 &9 4a i A B A B o B L 452848 X
MAERAMARIEEY A —LERECETHMICEWE EHIURF &R
EH AR BANICERAR BRI RENER - TR FBTE L8
AR St RiLAEA T2 A HAB TR &
fo SCC-4 ta e X F A F B e AT R AT B &9 o
AEBRERBE T REERR D BRWUEER ThbN @A
R T c RE R EEHE AL EH SCC4 fm otk by dm i B T
k38 F AL Ao sub-G1 DNA a9 # 2 > DAPI &k e g &
FHAR TR ey DNAGE -
E—FHARREFERA M@ AT THRENAFMER

AT ABB E G ey RiE P4 Bel-2- BelxL ~ Bax -Bad - Bak-
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caspase-3 ~ -8 #u-9 ~ cytochrome ¢ ~ Apaf-1 ~ Fas ~ FADD #v4a g ig &
£ fe NFEF % SCC-4 % o ¢k A% 3715 - Bax/Bel-2 8978 b tb R 84 7T fe R
A ta B B B AL 6y 2 K 0 85 R AR cytochrome ¢ &9 FEH E B ba B B
P RAMAR @RGP ET R FEAS @B T B
BREERBE T ®1E F AR S cytochrome ¢ 697K -F > 3 F+%a i A
A& B * #4w @ Bel-2 #o BelxL - #4545 1 Bax ft o R4 f i
89 7 B Aok 47 38 @R M B E FLAG T AR 0 & R €45 & cytochrome ¢ &9 %
#T o SURAT 8 T AR BN R AR B B MR L R S Rk B R ARL
o R ] AR BRERRK 0 R H FE R BRAL R Ao B N R G B
¢,3% cytochrome ¢

%m i, 78 O B ERAZ REAK AE 7E 1L/ R AR caspase-8 4F ZR AR 0 A4
4 tm B0 P8 T B A T 80 45 M Ao e iR S8 C B R AF R 7E AL caspase-8 Fu
caspase-3 A taf AT o MFRERIEE E R EAABER SCC4
m JiL 7 Ak, caspase- 8, -9 Fu -3 ZARBE v > 3 H B o caspase-9 AR E
K[E 14 AL T ¥8Y caspase-3 Fib o (—AtaE AT HPITE) K18
i E AT i Apaf-l 6 % iE  H 2447 i caspase-3 AL Ae 4a L A
- -

S AEALRN—EARES BB TEFTFSE@BRAT A
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pan-caspase inhibitor & — B FA ik caspase % & i £ 69 FH B A R R 1%
F » #R1% & p#|caspase-3, caspase-8, Fu caspase-9 o iTub & R BT &
RFEREIGABRERSCCA i » F i mp AT e
caspase ° € & Fasty) & 4| B ($iFastySCC-4tmfn AT R I2) w2 E R
Boymfn AR mp A B et At e AT AR ERE

A e B TR B R BEAZ A -

% -4 %&£ T8 FAK, IKK, NF-xB, u-PA 2 MMP-2 fv -9
BA2 ¥ H ABRE & SCC-4 m itk ) B3 HAZNAF R MBI R

REENBERCEEHF S ARBRRE L ET XY
W, R E R F R AR ER SCC4 mpaFEE LA
AT RS - Afwi2 FAEAF TR SCC-4 fmfin by 4845 F0 i3
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4 i i K K 3B AR ERK 1/ 2 #h 8% 8 v 7% 16 ERK 1/ 2 4% 3% % # NF-«xB
WAEILIE R £ 2 ' NF-xB $7 A1 B fm 6 3 78~ fm i A Fo
BEARAEETEE V' H S AN ARE TR T IR EET
B A — 3R 491k @3 4] NF-«B a5 ibeg iz A ' 2B &
£ ABAE T SCC-4 a3k 2R3 4] NF-xB {2 & 3% % IxB » Byb& £
BT i E 09 Hu B E M T 81 ERK1/2 MAPK #v» NF-kB #4912 B #4548

AR
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AL FoR AR ER B Fldo GRS~ RIS ~ B
BIEN BTN ATRLYT 4B Al (MMPs) 485 » #R
— B 5k Rk o SRR AEERE E S ECM ey rgmiEm 01 .
MMP-9 & NF-xB &) F #4%%2 > sE %) [F A% ECM - 204 4m it - 4m i o 4
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A IV AB R EARETER Y MMP-2 o & & 3R i 8 13
AN EHE S R fBAgRN D0
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R (FAE A AR B R R 0 MMP-2 fu MMP-9 #9%& & & %
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SCC-4 tmfg ey MMP-2 Fu MMP-9 9% & 4 8 > A #2445 5 MMP-2
Fo MMP-9 t4% & 4 #0 uPA % & NF-xB fu AP-1"""?", %38 % % NF-«xB
&G H o4 H14E A A3 A Hp H] MMP-2 4= MMP-9 sy A B &g
2o BAr B4 BRK JEACHE Rk =88 XAF A 383 T - &35 AP-1
Fo NF-xB e94g&fuht 0 £33 MMP-O sy AR 2k — B ELW A
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E BB E SR EAERY NFBOEGE B 2423 T IkB
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WEGEE > THARESH MMP-2 v MMPI WG E € - i &
At %9 B 38 3 dp ) NF-«xB #9758 1L4E A > & IkB (NF-xB #y3pH] R 8 )
Wy ARAVE R R > B AR NF-B ) fm iz 40 34k 12 B3
& BB AS A A W IrH] MMP - 4051 4F A 8 548 R [ &) 44 8 48 B
125, g ek gk a8 B B4 4] MMP 8975 1688 > Mgt MMP &9 37 7% b0 %

MMP kR A EREZEGE & °
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\\\

RS L X

AT LR R OB T RREF AT I A RE@BKSEwinE
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PPk mBAARSBE TR EEEABE RS R w0 T R R
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AR RS E SRR E RS e ko B — EAR R k0
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fefiphl e e A ko BB R AN EFTENGFEE (30uM) 4
—BABLUR E 9P A B RBE R ) 0 ££SCC-4 4 fip ) 4o 6,38 54 K FA
FehmiFE AR (388 50% tmptt ) S einR

T AEH ABANARAA G EREF ARG ASE— P RN
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R AR R EEER TR ALLER AR D52% £
TREFLERABERSHER BEALAREMIRETHRIRA A
Uk X egFE 54 SCC4 FHRNWEREBEE RIpHIE
FlARBRAATHEAAEFHER At 712510 mgkg RITH
R B b 4mg/kg doxorubicin X tbi%Z 4] 48 7 45 £ /) 69 58 M8 (o B 4-15) -
REOS% ehdpd] - MBEIXREZTREFEFALRALERY > B H
SCC-4 ) B EHBHEY T2 RALEZRE — 09 R L E R
(berberine 2 doxorubicin) e E4.35 HARFEE A A REHED T
MRIETHRAE M - AR ELEHEE > Flho 1 p53 > £45 p53
RRKBHFHRGEBOIpH AR > fobr 2 A pS3 M hwfEE 4
E ey AR > F 8% CaSkicell 2—18 p53 & positive cells o
CAIRE M ARE HI299 cellsey A2 & #4548 09 fE Ak 4 & L f2 2 R 69 i
# A549 cells Fu i % 12462 J& 7k 49 5/ 2 p53-positive-A549 tumor
xenograft tb p53-deficient-H1299 tumor xenograft & # 8 8a#4"" o
AERARER T EBRNALTRII—F2 R £ER  RERTHM
AEEBNLATEIFAERBGRBL A M > =i F i/ K HD
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OB o/ RBHR DA EARM -
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WXEANBRREATRN TRy TIREREHE
mia AT F AR ERFET R R R AT RN TR afn ey 345 4
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2. &% 5716 FAK, IKK, NF-kB, u-PA o MMP-2 F= -9 2548 #p

FAIRER SCC-4 tmfath ) BB RBEANFRARBZAR

14

ERAARBIFESE —RIEH T2 FIH AL FESCCA mhatr
8t B g f5 fu iz AR i p-ERK Fv NF-xB#y {3 B #4548 F 2% MMP-2
Fo-Othdpd] (Ao 6-2) o 3 HEE %2 FirH] FAK, p-38, p-INK Fu
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RS R i RGBT
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I membrane and
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N
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3. RREFHABRETHEEEK SCCA4 ARAFTHRNN T FEARBZ
5

¥i#% 10 mgkg e @R —ROBEEEL  EEBEHE
A B A ) F SCC-4 Ry b £ & LA %ty & R BT berberine
&Y BE 7 &9 B8 F B B8 A4 EL 4 ) dA RS A A S2%0 0 BEE ) B0 BB R K
THEERNE - ROARERAAMY A—BEELAERELHHE

A EiE ko B — B E R TR B4 -

Treatment Tumor weight  Inhibition rate
Dosage (mg/kg) (g) (%)
Control 0.2564 10.066

Berberine 10 mg/kg 01226 10.037°** 5218
Doxorubicin 4 mgkg  0.0877 10.035 o 65.80

B 6-3 &3 EH#p4|42 R SCC-4 B g by 3] & o

(*** p<0.001 > B A 43t BasKE)
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Molecular mechanisms of growth inhibition on human tongue cancer

SCC-4 cells by berberine : in vitro and in vivo

Yung-Tsuan Ho
Major professor : Tsai-Chung Li
Graduate Institute of Chinese Medical Science, China Medical University
1. Berberine induced apoptosis via promoting the expression of

caspase-8, -9 and -3, apoptosis inducing factor and endonuclease G in
SCC-4 human tongue squamous carcinoma cancer cells

Phytochemicals have been recognized to have potential
chemo-preventive or chemotherapeutic efficacy in cancer treatment. Here,
we hypothesized that berberine would have anti-cancer activities in
human tongue cancer SCC-4 cells. Results indicated that berberine
decreased the viability of SCC-4 cells which was initiated by the
generation of reactive oxygen species, via an increase in cytosolic Ca®".
Berberine induced apoptosis was associated with a reduction of the
mitochondrial membrane potential associated with changes in the
Bax/Bcl-2 ratio, release of cytochrome ¢ from mitochondria and
activation of down-stream caspase-3. Real time PCR showed that
berberine stimulated gene expression of caspase-8, -9 and -3,
apoptosis-inducing factor (AIF) and Endo G The present study

demonstrated that berberine-mediated apoptosis of SCC-4 cells is
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regulated by ROS, mitochondria, caspase-3 -dependent and -independent
pathways, suggesting that berberine may be considered for future studies

as a promising therapeutic candidate for human tongue cancer.

2. Berberine suppresses in vitro migration and invasion of human

SCC-4 tongue squamous cancer cells through the inhibitions of FAK,

IKK, NF- £ B, u-PA and MMP-2 and -9

There 1is increasing evidence that urokinase-type plasminogen
activator (uPA) and matrix metalloproteinases (MMPs) play an important
role in cancer metastasis and angiogenesis. Inhibition of uPA and MMPs
could suppress migration and invasion of cancer cells. Berberine, one of
the main constituents of the plant Rhizoma coptidis, is a type of
isoquinoline alkaloid, reported to have anticancer effects in different
human cancer cell lines. There is however, no available information on
effects of berberine on migration and invasion of human tongue cancer
cells. Here, we report that berberine inhibited migration and invasion of
human SCC-4 tongue squamous carcinoma cells. This action was
mediated by the p-JNK, p-ERK, p-38, IxkK and NF-«B signaling
pathways resulting in inhibition of MMP-2 and -9 in human SCC-4
tongue squamous carcinoma cells. These results suggest that berberine
down-regulates uPA , MMP-2 and -9 expressions in SCC-4 cells through
the NF-xB and MAPK mediated pathway and a novel function of

berberine is to inhibit the invasive capacity of malignant cells.

3. Berberine Inhibits Human Tongue Squamous Carcinoma Cancer
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Tumor Growth in a Murine Xenograft Model

Many evidences have been shown that dietary fruits and vegetables
can act as protective for maligancies and carcinogenesis. Berberine is one
of component from natural plant such as barberry. Many studies have
been shown that berberine induced cell cycle arrest and apoptosis in many
cancer cell lines. Our primary studies also showed that berberine induced
apoptosis in human tongue cancer SCC-4 cells in vitro. But there is no
report to show berberine inhibited SCC-4 cancer cells in vivo on a murine
xenograft animal model. SCC-4 tumor cells were implanted into mice and
groups of mice were treated with vehicle, berberine (10 mg/kg ) and
doxorubicin (4 mg/kg ). The tested agents were injected once per four
days intraperitoneally, with treatment starting 4 weeks prior to cell
inoculation. Treatment with 4 mg/kg of doxorubicin or with 10 mg/kg of
berberine resulted in a reduction in tumor incidence. Tumor size in
xenograft mice treated with 10 mg/kg berberine was significantly smaller
than that in the control group. Our findings indicate that berbeirne inhibits
tumor growth in a xenograft animal model, berberine may represent a

tongue cancer preventive agent.

Keywords: Human tongue SCC-4 cancer cells (SCC-4 cancer cells) ;
Berberine ; Apoptosis ; Cell cycle ; Caspase cascade ; Mitochondria ;
Migration and invasion ; uPA (Urokinase-type plasminogen activator) ;
MMPs (Matrix metalloproteinases) ; Nuclear factor kB (NF-xB)

Inhibitory kB (IxB)
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There is increasing evidence that urokinase-type plasminogen activator (u-PA) and matrix
metalloproteinases (MMPs) play an important role in cancer metastasis and angiogenesis.
Inhibition of u-PA and MMPs could suppress migration and invasion of cancer cells. Berber-
ine, one of the main constituents of the plant Rhizoma coptidis, is a type of isoquinoline
alkaloid, reported to have anti-cancer effects in different human cancer cell lines. There
is however, no available information on effects of berberine on migration and invasion
of human tongue cancer cells. Here, we report that berberine inhibited migration and inva-
sion of human SCC-4 tongue squamous carcinoma cells. This action was mediated by the
p-JNK, p-ERK, p-p38, IkK and NF-kB signaling pathways resulting in inhibition of MMP-2
and -9 in human SCC-4 tongue squamous carcinoma cells. Our Western blowing analysis
also showed that berberine inhibited the levels of urokinase-plasminogen activator
(u-PA). These results suggest that berberine down-regulates u-PA, MMP-2 and -9 expres-
sions in SCC-4 cells through the FAK, IKK and NF-kB mediated pathways and a novel func-
tion of berberine is to inhibit the invasive capacity of malignant cells.

© 2009 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

It was reported that over 300,000 cases of oral and oro-
pharyngeal cancer occur per year and occurrence is higher
in males than in females [1]. Oral cancer cases and deaths

* Corresponding authors. Tel.: +886 4 2205 3366 3311; fax: +886 4
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(J.-G. Chung).
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Abbreviations: ECM, extracellular matrix; FAK, focal adhesion kinase;
IKK, IxB kinase; MMPs, matrix metalloproteinases; NF-kB, nuclear factor-
kappaB; u-PA, urokinase-type plasminogen activator.
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are associated with individual predisposition such as spe-
cific genetic characteristics but lifestyle factors such as to-
bacco/bidi smoking, [2,3] betel quid, [4] heavy alcohol
drinking, [5] micronutrient deficiency [6] and human pap-
illomavirus infection [7] play a role. Two or more of these
factors can increase the risk of oral cancer [8,9]. The betel
quid chewing for example has a strong association with
the occurrence of oral cancer in Taiwan. Based on reports
from the People Health Bureau of Taiwan, approximately
6 per 100,000 die annually of oral cancer in Taiwan and
oral cancer has been elevated to be the fourth most
frequent cause of cancer death among males in Taiwan.
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Treatment options for oral cancer such as surgery, radio-
therapy and chemotherapy have not been satisfactory.
Therefore, it is important to identify new agents and novel
targets for the treatment of oral cancer.

Berberine, a natural alkaloid found in natural plants, is
anti-bacterial, [10] anti-oxidative, [11] anti-inflammatory,
[12] anti-carcinogenic activity [13] and exerts anti-meta-
static properties in non-small lung cancer cells [14]. It
was reported that berberine suppressed cyclooxygenase-
2 transcriptional and activator protein-1 activity in human
colon cancer cells [15,16] and DNA topoisomerase II [17].
Berberine induced cytotoxic activity in human leukemia
U937 and murine melanoma B16 cells, [18] human pros-
tate cancer cells [10] and human epidermoid carcinoma
A431 cells [19].

In our laboratory, we have reported that berberine
inhibited N-acetyltransferase activity in human colon tu-
mor cells [20] and induced apoptosis in human oropharyn-
geal cancer HSC-3 cells [21] and inhibited rat vascular
smooth muscle cell proliferation and migration in vitro
[22]. Inhibition of berberine on the induction of migration
and invasion in human tongue cancer cells has not been re-
ported. The purpose of this study was to investigate effects
of berberine on the induction of migration and invasion in
human SCC-4 tongue squamous carcinoma cells. We show
that berberine inhibited the migration and invasion of SCC-
4 cells through the inhibition of MMP-2 and -9.

2. Materials and methods
2.1. Materials and chemicals

Berberine, dimethyl sulfoxide (DMSO), trypan blue and
triton X-100, pyruvate, penicillin G and streptomycin were
obtained from Sigma Chemical. (St. Louis, MO, USA). Anti-
MMP-2, anti-MMP-9, anti-FAK, anti-u-PA, anti-p-p38, anti-
p-JNK, anti-p-ERK, anti-IKK, anti-NF-xB and anti-IxB were
purchased from Santa Cruz Biotechnology. Materials and
chemicals for electrophoresis were obtained from BioRad.

2.2. Cell culture

The human SCC-4 tongue squamous carcinoma cell line
was purchased from the Food Industry Research and
Development Institute (Hsinchu, Taiwan). Cells were pla-
ted onto RPMI-1640 medium supplemented with 10%
FBS, 100 Units/ml penicillin, 100 ng/ml streptomycin and
1% glutamine at 75 cm? cell culture flasks and grown under
a humidified 5% CO,, 95% air at 37 °C .

2.3. Viable cells determination

Total viable cells were counted on a Neubauer chamber
using a microscope. SCC-4 cells (2 x 10° cells/well) were
placed in 12-well plate were then treated with 0, 62.5
and 125 puM berberine and or control cells treated only
with vehicle (DMSO, 0.2% in media). Control and berber-
ine-treated cells were incubated for 0, 24 and 48 h. Cell
viability was determined using trypan blue exclusion and
flow cytometry as previously described [23,24].

2.4. Migration determination

Cells were plated in 6-well plates for 24 h before cells in
the individual wells were wounded by scratching with a
pipette tip and incubated with RPMI-1640 medium con-
taining no FBS and treated with or without berberine
(62.5 or 125 uM) for 0, 24 and 48 h. Cells were photo-
graphed under phase-contrast microscopy (x100) as previ-
ously described [23].

2.5. Invasion determination

The in vitro invasion assay of agent affect cells was per-
formed as the method of Huang et al. [25] and Hsu et al.
[23]. Initially, 24-well Transwell inserts with 8 pum porosity
polycarbonate filters (Millipore, Billerica, MA, USA) were
re-coated with 30 pg Englebreth-Holm-Swarm sarcoma
tumor extract (EHS Matrigel Basement Membrane Matrix)
at 25°C for 1 h to form a genuine reconstituted basement
membrane. Second, the SCC-4 cells (1 x 10* cells/0.4 ml
RPMI-1640) were placed onto the upper compartment
and incubated with vehicle or berberine (0, 62.5 or
125 uM). Then the plates were incubated at 37 °C for
48 h in a humidified atmosphere with 95% air and 5%
CO,. Third, cells were then fixed with 4% formaldehyde in
phosphate-buffered-saline (PBS) and stained with 2% crys-
tal violet. Finally, cells on the upper surface of the filter
were removed by wiping with a cotton swab, and the cells
in the lower surface of the filter which penetrated through
the matrigel were counted under a light microscope at
=200 [23]. Each treatment of cells was assayed in dupli-
cate, and three independent experiments were carried
out [23].

2.6. Western blotting

Cells were plated onto 6-well plates then treated with
62.5 uM berberine for 0, 6, 12, 24 and 48 h. Following each
time point, cells from each well were isolated for deter-
mining proteins associated with invasion and migration,
u-PA, MMP-2, MMP-9, FAK, p-p38, p-JNK, p-ERK, IKK NF-
KB, IxB (Santa Cruz Biotechnology, Santa Cruz, CA, USA).
Isolated cells with or without berberine treatment were
lysed and the protein levels quantified. All samples were
separated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), as described previously
[23,24].

2.7. Statistical analysis

Student’s t-test was used to analyze differences be-
tween the berberine-treated and control group.

3. Results

3.1. Berberine decreased the percentages of viable SCC-4 cells

Effects of berberine on the percentage of viable SCC-4 cells were
examined and quantified by trypan blue exclusion and flow cytometric
analysis. It can be seen in Fig. 1 that berberine induced cytotoxicity and
decreased the percentage of viable cells from 40% to 52% (P < 0.001) of
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Fig. 1. Berberine decreased the percentages of viable SCC-4 cells in vitro. SCC-4 cells (2 x 10° cells/well; 12-well plates) were treated with 0, 62.5 and
125 puM berberine for 0, 24 and 48 h. The cells were collected and the viable cells were determined by trypan blue exclusion and flow cytometry as
described in Materials and methods. Each point is mean + SD of three experiments. Significantly different from the control at P < 0.05, P < 0.001.

62.5 and 125 uM berberine at 48 h treatment but at 24 h treatment of

3.3. Berberine inhibited the invasion of SCC-4 cells in vitro
berberin, only 125 pM induced a significant decrease of viable cells.

Data of Fig. 3A shows that SCC-4 cells migrated from the upper to the

3.2. Berberine inhibited the migration of SCC-4 cells in vitro lower chamber in the control group (absence of berberine) but the pene-

tration of the EHS-coated filter by SCC-4 cells was inhibited in the pres-

Effects of berberine on cell migration were investigated using a ence of berberine. This inhibitory effect was higher at a berberine

wound-healing assay and results are shown in Fig. 2. Higher berberine concentration of 125 puM than 62.5 pM. The quantification of cells in

concentrations (125 uM) and longer incubation time period (48 h) led the lower chamber from Fig. 3B indicated that berberine significantly

to greater inhibition of cell migration in SCC-4 cells. These effects were inhibited SCC-4 cell invasion, and the percentage of inhibition ratio is
dose-and time-dependent. 42-58% and this effect was dose-dependent.

Control

62.5 uM

125 uM

0h 24 h 48 h

Fig. 2. Berberine inhibited the migration of SCC-4 cells in vitro. SCC-4 cells (2 x 10° cells/well; 12-well plates) were treated with 0, 62.5 and 125 uM
berberine for 24 and 48 h. Cells were wounded by scratching with a pipette tip and the cells were incubated with RPMI-1640 medium containing no FBS and
incubation with or without berberine for 48 h. Cells were photographed under phase-contrast microscopy (x100).
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Fig. 3. Berberine inhibited the invasion of SCC-4 cells in vitro. SCC4 cells (10* cells/0.4 ml RPMI-1640) were placed and cells that penetrated through the
matrigel to the lower surface of the filter were stained with crystal violet and were photographed under a light microscope at x200 (panel A). Quantification
of cells in the lower chamber, was performed by counting cells at x200 (panel B). ""P < 0.001, significant difference between berberine-treated groups and

the control.

3.4. Berberine inhibited levels of MMP-2, MMP-9, u-PA, FAK, p-p38, p-JNK,
p-ERK, IKK and NF-kB in SCC-4 cells

Levels of invasion- and migration-associated proteins during treat-
ment with berberine were examined by Western blotting. Data shown
in Fig. 4A-D indicate that the levels of MMP-2 and MMP-9 (Fig. 4A),
u-PA (Fig. 4B), FAK, p-JNK and p-ERK (Fig. 4C), IKK and NF-kB (Fig. 4D)
were lower then the corresponding control. However, IkB (Fig. 4D) was
higher than that of control. MMP-2, MMP-9 and u-PA play an important
role of cell invasion and migration. These effects may have led to the inhi-
bition of invasion and migration from SCC-4 cells after exposure to
berberine.

4. Discussion

The anti-cancer effect of berberine has been well docu-
mented in many different types of human cancers
[11,12,14-19,26]. In this study, our results demonstrated
that berberine decreased the percentage of human SCC-4
tongue cancer viable cells in a dose-dependent manner,
which is in agreement with our previous studies. However,
actions of berberine on migration and invasion of SCC-4
cells and the associated signaling pathways have not been
reported. In this study, our results indicated that berberine
inhibited the migration and invasion in human SCC-4 ton-

gue cancer viable cells and these effects are dose-and
time-dependent manners. The results from Western blot-
ting assay also showed that berberine greatly reduced
the phosphorylation of JNK, p38, ERK1/2 and decreased
the levels of u-PA, MMP-2 and -9 in SCC-4 cells. Also, ber-
berine suppressed NF-kB levels but inducible IkB levels in
SCC-4 cells. ERK1/2 was reported to be important for the
activation of NF-xB [27]. NF-kB is critically involved in
the regulation of tumor cell proliferation, apoptosis and
oncogenesis [28]. Many previous studies had shown that
anti-tumor activities of berberine may be mediated in part
through the suppression of NF-kB activation [29-32].
Therefore, these results suggested that anti-cancer activity
of berberine may be involved in both ERK1/2 MAPK and
NF-xB signaling pathways.

Physiological and pathological tissue remodeling pro-
cesses such as wound healing, embryo implantation, tumor
invasion, metastasis and angiogenesis are associated with
matrix metalloproteinases (MMPs) which constitute a
family of secreted, zinc-dependent endopeptidases that
are required for ECM degradation [33-35]. MMP-9 is a
downstream target of NF-xB, which can degrade the
ECM, altering cell-cell and cell-ECM interactions, and it is
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Fig. 4. Representative Western blot showing changes in the levels of
associated proteins in migration and invasion of SCC-4 cells after
exposure to berberine. The SCC-4 cells (5 x 108 cells/well) were treated
with berberine at 62.5 uM for 0, 6, 12, 24 and 48 h then the total protein
was prepared and determined, as described in Materials and methods.
The levels of MMP-2 and -9 (panel A), u-PA (panel B), FAK, p-p38, p-JNK,
p-ERK (panel C) and IKK, NF-xB and IkB (panel D) expressions were
estimated by Western blotting, as described in Materials and methods.

associated with invasion of cancer cells [36]. MMP-2
expression is associated with tumor invasion, angiogene-
sis, metastasis and recurrence [37,38]. MMP-2 and MMP-
9 appear to be most important for basement membrane
type IV collagen degradation [39-41]. Both proteins are
correlated with an aggressive, invasive or metastatic tumor
phenotype [42-44].

MMP inhibitors have been demonstrated to block endo-
thelial cell activities which are essential for new vessel
development leading to proliferation and invasion
[45,46]. Therefore, MMP-2 and MMP-9 are recognized to
be therapeutic targets of anti-cancer drugs due to degrad-
ing action of both enzymes on gelatins which are major
components of the basement membrane Our results
(Fig. 4) showed that berberine decreased MMP-2 and -9
protein levels in SCC-4 cells. It has been reported that the
proteins of MMP-2, MMP-9 and u-PA require NF-xB and
AP-1 [47,48]. Therefore, the inhibitory effect of berberine
on NF-kB protein might be able to explain suppression of
MMP-2 and MMP-9 gene expressions [49,50]. It is well
known that the activation of ERK will stimulate two cis-
acting regulatory elements including the binding sites of
AP-1 and NF-xB which play an important role in control-
ling MMP-9 gene expression. Migration and invasion of
cells are the important factors for cancer cell metastasis.
It was reported that enhanced production of MMPs and
u-PA is correlated with invasion, metastasis and angiogen-
esis of the tumors [51-53].

Our result also showed that berberine inhibited the lev-
els of u-PA, an upstream activating enzyme of MMPs in-
volved in the invasion and metastasis in examined SCC-4
cells that is in agreement with the reports from Peng et
al. (2006) demonstrated that berberine inhibited the inva-
sion of human lung cancer cells (A549) via decreased pro-
ductions of urokinase-plasminogen activator (u-PA) and
MMP-2 [14]. However, there is no available information
to address berberine affecting the migration and invasion
of human oral tongue cancer SCC-4 cells. Here, we are
the first to show that berberine inhibited the invasion
and migration of human oral tongue cancer SCC-4 cells
through the FAK and IKK pathways for leading to the inhi-
bition of NF-kB following the inhibition of MMP-2 and -9.
Our findings offer more details of signal pathways from
berberine inhibited migration and invasion. Actually we
also see the inhibition of u-PA levels based on Western
blotting analysis and those findings are also shown in the
results and Fig. 4. Peng et al. 2006 which described the
inhibitory effect of berberine on the invasion of human
lung cancer A549 cells via decreased productions of uroki-
nase-plasminogen activator and matrix metalloproteinase-
2 [14] and it also reduced phosphorylation of c-jun, c-fos
and NF-kB. However, our findings showed that the similar-
ities with Peng’s is the inhibition of MMP-2 and u-PA and
the difference with Peng’s et al. 2006 is that berberine
inhibited the migration and invasion of human lung cancer
A549 cells through the reduction of phosphorylation of c-
jun, c-fos and NF-kB. Yet our findings point out that it is
conducted through the inhibition of FAK and IKK before
leading to reduce phosphorylation of JNK, ERK and p38,
kB, respectively which is shown in Figs. 4 and 5.

NF-xkB and AP-1 control the expression of u-PA.[54]
High expression of u-PA correlates with invasive oral can-
cer cell [55]. Furthermore, Baker et al. (2007) used ELISA
assays to calculate the tissue concentrations of u-PA, tPA,
uPAR, PAI-1, and PAI-2 in paired specimens of tumor and
normal tissue from 38 patients with oral squamous cell
carcinoma, and the results indicated that concentrations
of u-PA, uPAR, PAI-1, and PAI-2 were significantly higher
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Fig. 5. Molecular signaling pathways for berberine-inhibited invasion and migration in human tongue cancer SCC-4 cells.

in tumor than in normal oral tissue [56]. In this study, our
new findings also showed that berberine inhibited the
migration and invasion of SCC-4 cells through the inhibi-
tion of FAK and IKK signal pathways (Figs. 4 and 5).

The inhibition of NF-kB and MAPK (JNK, ERK and p38)
signaling suppressed the secretion of u-PA, resulting in
the inhibition of motility of highly invasive cancer cells
[57]. We showed that berberine decreased u-PA protein
levels in SCC-4 cells (Fig. 4B) and also decreased the levels
of NF-kB that suggest berberine may act as a therapeutic
agent to inhibit cell invasion and metastasis in human ton-
gue squamous cancer patients.

Our results clearly demonstrated that berberine de-
creased the protein levels of NF-kB but promoted the pro-
tein levels of IkB which may lead to inhibit MMP-2 and
MMP-9 protein levels. It was reported that berberine can
specifically inhibit the activation of NF-xB by preventing
the degradation of IkB (NF-kB inhibitory subunit) which
can block the translocation of NF-kB into the nuclear com-
partment [58]. The anti-metastatic compounds inhibited
MMPs through different mechanism [59] such as direct
inhibition of the enzymatic activity of MMPs, interference
in the activation of pro-MMPs and reduced expression of
MMP genes and protein levels.

Taken together, our data for the first time indicated that
berberine could inhibit migration and invasion of human
SCC-4 tongue cancer cells through MAPK and NF-kB signal-
ing pathways resulting in the inhibition of MMP-2 and -9
as summarized in Fig. 5. This figure also showed that ber-
berine inhibited the levels of FAK, p-p38, p-JNK and p-ERK
led to affect AP-1 and NF-xB which led to suppress the
expression of MMP-2 and -9. Berberine should be consid-
ered as a possible therapeutic agent for inhibiting the
metastasis and invasion of tongue cancer. Further investi-
gations will be required to assess the potential of berberine
in the treatment of cancer.
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Abstract

Our primary studies showed that berberine induced apoptosis in human tongue cancer SCC-4 cells in vitro. But there
is no report to show berberine inhibited SCC-4 cancer cells in vivo on a murine xenograft animal model. SCC-4 tumor
cells were implanted into mice and groups of mice were treated with vehicle, berberine (10 mg/kg of body weight) and
doxorubicin (4 mg/kg of body weight). The tested agents were injected once per four days intraperitoneally (i.p.), with
treatment starting 4 weeks prior to cells inoculation. Treatment with 4 mg/kg of doxorubicin or with 10 mg/kg of
berberine resulted in a reduction in tumor incidence. Tumor size in xenograft mice treated with 10 mg/kg berberine
was significantly smaller than that in the control group. Our findings indicated that berbeirne inhibits tumor growth
in a xenograft animal model. Therefore, berberine may represent a tongue cancer preventive agent and can be used
in clinic.
© 2009 Published by Elsevier GmbH.

Keywords: Berberine; Human tongue SCC-4 cancer cells; Xenograft transplantation; In vivo

Introduction

Oral and oropharyngeal cancers are one of cancer
related deaths in men worldwide and are over 300,000
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Taichung 404, Taiwan. Tel.: +8864220533662500;
fax: +886422053764.

E-mail address: jgchung@mail.cmu.edu.tw (J.-G. Chung).

0944-7113/$ - see front matter © 2009 Published by Elsevier GmbH.
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cases annually throughout the world (Parkin et al.,
1999). In Taiwan, 9.6 persons per 100 thousand die
annually from oral cancer based on reports from the
Peoples Health Bureau of Taiwan. As surgery, radio-
therapy and current chemotherapeutic options with oral
cancer seem to be inadequate in curing or controlling
oral cancer, therefore, many investigators are focused on
identifying new agents and novel targets for treating oral
cancer.
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Berberine is identified as an active component in the
roots, rhizome, and stem bark of Berberis vulgaris
(barberry), Berberis aquifolium (Oregon grape),
Berberis  aristata (tree turmeric), and Tinospora
cordifolia (Craig, 1999). Berberine has been demon-
strated to determine its anti-carcinogenic activity in
skin (Nishino et al., 1986), to inhibit activator protein 1
in human cell lines (Peng et al., 2006) and to possess
anti-tumor properties in human colon cancer cells
(Yount et al.,, 2004; Sack and Froehlich, 1982).
Many reports and studies have been shown that
berberine induced apoptosis through cell cycle arrest
and apoptosis (Choi et al., 2006) and it also inhibited
migration and invasion of human tongue cancer SCC-4
cells (Lin et al., 2008). For the first time, we attempted
to examine the chemotherapeutic effect of berberine on
tongue cancer cells in vivo.

Materials and methods
Chemicals

Dimethyl sulfoxide (DMSO), trypan blue and Triton
X-100 were obtained from Sigma Chemical (St. Louis,
MO, USA).

Cell culture

Human tongue squamous carcinoma SCC-4 cells were
obtained from the Food Industry Research and Deve-
lopment Institute (Hsinchu, Taiwan) and were cultured
in RPMI-1640 medium supplemented with 10% FBS
(Hyclone Laboratories, Logan, UT, USA), 1% penicil-
lin-streptomycin and 1% glutamine. Cells were main-
tained at 37 °C in a humidified 5% CO, and 95% air
(Lin et al., 2007).

In vivo tumor xenograft model

Six-week-old female BALB/c™/™ nude mice were
purchased from Laboratory Animal Center of National
Applied Research Laboratories (Taipei, Taiwan).
The experimental design is showing in Fig. 1. Each
mouse was anaesthetized by intraperitoneal (ip.)
injection of 30 pul of berberine (10 mg/kg) and doxoru-
bicin (4mg/kg), and underwent a laparotomy.
SCC-4 cells (1 x 107) in culture medium were subcuta-
neously injected into the flanks of mice. Animals-
bearing tumors were randomly assigned to treatment
groups (6 mice per group) and treatment initiated
when xenografts reached volumes of about 100 mm?®
and injected ip. every 4 day with 30ul of DMSO
control vehicle, berberine (10 mg/kg) and doxorubicin

(4mg/kg). All animal studies were conducted according
to institutional guidelines approved by the Animal Care
and Use Committee of China Medical University
(Taichung, Taiwan).

Mice exhibiting tumors were monitored, counted,
and the tumor sizes were measured initially after 10
days, with the final measurement taken 4 weeks after
tumor cell inoculation. After xenograft tumor trans-
plantation, tumor size was measured once per four days
using calipers and tumor volume was estimated accord-
ing to the following formula: tumor volume
(mm®) = L x W?/2 (L: length and W: width). Body
weight was measured once per 4 days but more
frequently measured during the first 3 weeks to monitor
potential drug-related toxicity. At the end of the study,
animals were sacrificed. Tumors were removed, mea-
sured and weighted individually (Kuo et al., 2006; Yang
et al., 2008).

Statistical analysis

Each value represents mean +SD, between the animal
groups were compared by Student’s z-test. ***p <0.001
was considered significant.

Results

Representative tumors on the xenograft mice
were treated with or without berberine treatments.
Groups of mice were treated with berberine
(10mg/kg), doxorubicin (4mg/kg) and control with
DMSO, the representative animal with tumor are
showing in Fig. 2A, the treatments of both compounds
did not alter body weight significantly (Fig. 2B).
Berberine also decreased significantly the tumor
weight compared to control (Fig. 2C) and the repre-
sentative tumor and percentages of inhibition of
tumor are showing in Fig. 2D. The results indicated
that berberine induced 52% inhibition of tumor
compared to control. Comparisons of tumors volumes
between the control and berberine or doxorubicin
treatment groups showed that 10mg/kg berberine
significantly reduce the tumor incidence compared with
control mice (52%). With regard to tumor mass, tumor
growth seemed to decrease in the berberine groups
compared to control. In Fig. 2E, Doxorubicin (4 mg/kg)
significantly induced tumor inhibition ~65%. It also
shows the effects of 10mg/kg berberine, 4 mg/kg
doxorubicin, on tumor volume in mice. Tumors in the
treatment groups were significantly smaller than that in
the control group. The final tumor size from mice
treated with 10 mg/kg berberine, were smaller than the
tumor size of control mice after cell inoculation with
berberine.
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Fig. 1. Experimental design of berberine affect SCC-4 tumor in xenograft animal model. The animal will be s.c. implanted with
SCC-4 cells for 10 days until tumor volume around 100 mm? then randomly divided into 3 groups. Group 1 was treated with DMSO
i.p. only. Group 2 were treated with 10 mg/kg berberine i.p. and Group 3 was treated with 4 mg/kg doxorubicin i.p. for 34 days.
During the treatment, each animal will be measure tumor size and weight as described in materials and methods.
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Fig. 2. Representative tumor on the xenograft animal model. Eighteen nude mice were s.c. implanted with 1 x 107 SCC-4 cells for 10
days then randomly divided into 3 groups. Group 1 was treated with DMSO only. Group 2 were treated with 10 mg/kg berberine
and Group 3 was treated with 4 mg/kg doxorubicin then 34 days all animal were sacrificed. During the treatment, each animal will
be measure tumor size and weight as described in materials and methods. (A): representative animal with solid tumor; (B) body
weight; (C) tumor weight; (D) representative tumor and % inhibition. ***p<0.001 (D) Tumor volume. Tumor volume was
calculated as the half the product of longest diameter and the square of the shortest diameter. Data presented was mean+SEM at
10-34 days post-tumor implantation, the tumor volumes observed in DMSO, doxorubicin and berberine group were compared as
analyzed by Student’s t-test. ***p<0.001.
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Discussion

Although many evidences have been shown that
berberine caused cell cycle arrest and induced apoptosis
in many cancer cell lines (Kim et al., 2008), but no reports
to show berberine affect human tongue squamous cancer
SCC-4 cells in xenograft mouse in vivo. In the present
study, we provide the first in vivo evidence for the efficacy
of berberine on human tongue squamous cancer SCC-4
tumors in mice. There are several interesting findings from
our in vivo study. First, berberine, at 10mg/kg could
inhibit tumor growth in a xenograft mice model. These
findings are slightly different from in vitro studies where a
similar concentration of berberine (30 pM) had significant
cytotoxic effects (caused over 50% cell death) on the
cellular proliferation of SCC-4 cells and induced apoptosis
(Ho et al., 2008). However, tumors in mice that received
berberine alone were about 52% smaller than those of the
control group (Fig. 2D). We did not observe toxic effects
at the doses administered of berberine, as evidenced by no
changes in body weight or grooming habits.

Hence the growth inhibitory effect of berberine on
SCC-4 xenografts in vivo was reflective of the results
obtained in vitro. Ten mg/kg of berberine treatment
compared to 4mg/kg doxorubicin, the inhibition
about 65% less volume than those in the control group
(Fig. 2D). Tumors that received berberine treatment
continued to grow slowly, indicating that complete
regression of SCC-4 cells xenografts was not achieved
using a single treatment. This indicated that multiple
treatments may be necessary to achieve complete
responses. A second reason for the discrepancy between
the in vivo and in vitro results could be related to the
presence of different metabolites formed in vivo than
that is in vitro: berberine and/or its metabolites may
have an inhibitory effect of cell growth. This may reflect
pharmacokinetic and/or pharmacodynamic interactions
involved in berberine decrease the growth of SCC-4 cells
tumors.

In conclusion, berberine administered once per 4 day
i.p. at 10mg/kg, were effective in reducing the growth of
tongue SCC-4 tumors in a tongue cancer xenograft
mouse model. This finding represents the first study
examining the effect of berberine as a tongue cancer
preventive agent in a tongue cancer murine xenograft
model.
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