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4. Berberine

Berberine

5,6-dihydro-9,10-dimethoxybenzo[g]-1,3-benzodioxolo[5,6a]

quinolizinium [CAS]

. [C20H18NO4]+

336.37

berberine

        

145

69
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CDC2 CDK1 Cyclin A

M Cyclins82

(3).CKIs
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(ankyrin) Cyclin D-CDK4 Cyclin D-CDK6
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protein 1) waf1 (wild-typep53-activated fragment 1)
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1.

SCC-4

SCC-4

SCC-4

3-1

3-1

ROS MMP Ca2+
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2.

SCC-4 (human 

squamous cell carcinoma of tongue ; 55 , )

Food Industry Research and Development Institute

3.

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

-DIONE

(2).Berberine Sigma Chemical Co. 

(3).Dimethyl sulfoxide DMSO Sigma Chemical Co. 

(4).DMEM medium Gibco

(5).Fetal bovine serum , FBS Gibco

(6).L-Glutamin  , LG Gibco

(7).Penicilllum Streptomycin PS Gibco

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

Probes

(9).propidium iodide PI Sigma Chemical Co. 

(10).Trypsin-EDTA Amersco

(11).Trypan blue Sigma Chemical Co. 

(12).Disodium hydrogen phosphate Na2HPO4 Merck
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(13).Sodium chloride NaCl Merck

(14).Potassium dihydrogen phosphate KH2PO4 Merck

(15).Potassium chloride KCl Merck

(16).Propidium iodide PI Sigma Chemical Co. 

(17).PhiPhiLux®-G1D1 kit OncoImmunin Gaithersburg, MD, USA

(18).RNase A Ribonuclease A Ameresco 

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

(20).Ethanol TEDIA

(21).Ammonium persulfate APS Amersco 

(22).Acrylamide/Bis 40  solution ACRYL/BISTM29:1

Amresco 

(23).Bovine serum albumin BSA Merck 

(24).Glycine Amresco 

(25).Methanol TEDIA

(26).formaldehyde Merck

(27).ECL kit Enhanced chemiluminescent kit Amersham

(28).Protein assay-Dye reagent concentrate Bio-Rad

(29).Protein marker Femantas

(30).10X SDS buffer Sodium dodecyl sulfate Amresco 
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(31).TEMED N,N,N’,N’-Tetramethyl-ethylenediamine Amresco 

(32).Tris Tris hydroxymethyl -aminomethane Amresco 

(33).Tween 20 Amresco 

(34). Kodak

(35). Kodak

(36).BioMax Flim Kodak

(37).Agaros Amresco 

(38). DNA purification kit Gene Mark 

(39). protein extraction solution PRO-PREP

iNtRON Biotechnology, INC. 

(40).5× TBE buffer Amresco 

(41).Primary antibody 1°

(a). anti-actin Oncogen

(b). anti-Bcl-2 upstate

(c). anti-Bcl-Xl/Xs upstate

(d). anti-Bax upstate

(e). anti-casoase-3 upstate

(f). anti-caspase-7 Calbiochem 

(g). anti-caspase-8 upstate
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(h). anti-caspase-9 upstate

(i). anti-Cytochrome C Oncogen

(j). anti-cyclin E upstate

(k). anti-cdk2 upstate

(l). anti-cdk4 upstate

(m).anti-cdk6 upstate

(n). anti-Phosporylation ERK upstate

(o). anti-JNK upstate

(p). anti-Phosporylation JNK upstate

(q). anti- NF kappa B Rel—a(p65) upstate

(r). anti-p38 upstate

(s). anti-phosporylation p38 upstate

(t). anti-p53 Oncongen

(u). anti-PARP upstate

(42).Secondary antibody 2°

(a). goat anti-mouse IgG HRP horseradish peroxidase conjugated 

antibody Chemicon AP124P

(b).gout anti-rabbit IgG HRP horseradish peroxidase conjugated 

antibody Chemicon 
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4.

(1). Spectrolinker(UV box)

(2). FALCON

(3). FALCON

(4). Nuaire

(5). Haemocytometer Boeco

(6). phase-contrast microscope Olympus 

(7).  (TE-200; MILLTER) 

(8). Minipore

(9) Amersham 

(10). C831 Consort

(11).PVDF membrane Minipore

(12).Mini-3D Shaker Boeco

(13).SDS-PAGE Bio-Rad

(14).Transfer Cell Blot Bio-Rad

(15). Lab-Line

(16). Flow cytometry Becton Dickinson 

(17). HERMLE

(18). from Beckman  
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(19). Olympus CH2

(20). Nikon LABOPHOT-2

(21). anthos 2020 Anthos Labtec, Australia 

(22).DNA Mupid-2

5.

Berberine 37.18 mg 10ml DMSO

10 mM stock solution stock solution

[C20H18NO4]+

Molecular Weight = 371.8 

M / L

371.8×103 mg / 1000 ml 1000 mM 

37.18 mg / 10 ml 10 mM 

caspase-8, -9 -3 AIF EndoG

SCC-4

Viability assay

(IC50) IC50

Berberine

15 μM 25 μM 50 μM 75μM 100 μM( 3-1)
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3-1 Berberine

Concentration of Berberine 10 mM of Berberine DMSO

15  M 150 l 850 l

25 M 250 l 750 l

50 M 500 l 500 l

75 M 750 l 250 l

100 M 1000 l   0 l

SCC-4  FAK, IKK, 

NF- B, u-PA  MMP-2  -9 

Berberine

Migration assay Invasion assay

(IC50) IC50 Berberine

62.5μM 125 μM 3-1

SCC-4

doxorubicin Berberine

xenograft Model

doxorubicin 4 mg/kg Berberine  10 mg/kg
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6.

(1).

SCC-4 DMEN 10 % 5

% L-glutamine 5 % Penicillin Streptomycin 5 % CO2

95 % air 37 incubator

(2).

flansk

PBS phosphate buffer saline

3 ml trypsin flansk 37 5

10 ml flansk trypsin

1500 rpm 5

10 ml

20 l 80

l trypan blue Counting chamber

trypan blue
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( )  10 (10 ml )  5 

(trypan blue 5 )  104

(3).

SCC-4

DMSO dimethyl sulfoxide

7

2×106 ~5×106 cells/ml

1 ml / 

4 °C 15 min  -20 °C 30 min  -80 

°C 16~18

(4).

microplate dish 24

24
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microplate well 2 ml 20 μl

3 ml 30 μl 0.01

7. Viability assay

Propidium iodine PI ( 3-2)

PI PI DNA

A=T C G hydro bond

PI PI

488 nm PI

CellQuest

6 well plate 2×105/well

well medium
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3 ml 24 Berberine 15 M

25  M 50 M 75 M 100 M 12

24 48 72

PBS trypsin 37

3 2 ml PBS trypsin

1500 rpm 5

2 ml PBS 1500 rpm 5

PI 500 μl

FACS

3-2 PI

Coposition Concentration Volume ml

Propidium iodide 2 mg/dl 10 

1× PBS 40

Total volume 50 ml

8. Cell cycle analysis

SCC-4
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IC50 6h 12h 24h 48h 72h

4

70 vortex

2 mL

–20

–20 overnight

1500 rpm 5 2 mL PBS

500 L PI

PI ( 3-3)

FACS 30

200 FACS 10000

Modfit LT® G0/G1 S G2/M phase sub-G1
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3-3 PI

ml

Propidium iodide 20 mg/dl 1 

5% Triton X-100 - 10 

1× PBS - 36.5 

RNase 50 ng/25 ml 2.5 

Total volume - 50 l

9. MMP Mitochondria membrane 

potential m

DioC6 3,3’-Dihexyloxacarbocyanine iodide

DioC6

green-fluorescent cationic dye

mitochondrial dysfuction

6 well plate 3×105/well

24

5×105/well 75 M
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Berberine 6 well plate 30 μl/well

PBS trypsin

37 5 2 ml PBS

trypsin 1500 rpm 5

2 ml PBS 1500 rpm 5

MMP DioC6 3,3’-Dihexyloxacarbocyanine iodide

10 μl DioC6 / 500 μl PBS 500 μl blank

37 ºC 30 min FACS

10000 CellQuest

blank peak peak 100~101 control

peak 101~102 M1 gated 75 sample peak

MMP( 3-2) peak

3-2  MMP
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10. ROS Reactive Oxygen Species

Oxidative Metabolites H2O2 O2- free 

radical

Dihydrorodamine 123 2’7’-dichlorofluorescein for H2O2

hydroethidine for O2- free radical

2’7’-dichlorofluorescein diacetate H2DCF-DA

ROS H2DCF-DA

ROS H2DCF-DA

esterases deacetylated DCFH DCFH

H2O2 DCF

H2O2 6

well plate 3×105 /well 24

5×105/well

75 M Berberine 30 μl/well 6 well plate 75

M 0.5 1 2 4 6 h

PBS



52

trypsin 37 2

1 ml PBS trypsin

1500 rpm 5 1 ml PBS 1500

rpm 5 ROS H2DCF-DA 1 μl 

H2DCF-DA /500 μl PBS 500 μl blank

500 μl PBS 37 ºC 30 min

transfer FACS

10000 CellQuest blank peak peak

100~101 control peak 101~102 M1 gated

75 sample peak ROS( 3-3)

peak ROS ROS

3-3  ROS
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11. Ca2 (Calcium Release)

Fura-Red Fluo-3 Indo-1

Acetatoxymethyl Ester AE Indo-1

EDTA

UV Indo-1 emission

6 well 

plate 3 105 /well 24

5×105/well 75

M Berberine 30 μl/well 6 well plate 75 M

0.5 1 2 4 6 h

PBS

trypsin 37 2

1 ml PBS trypsin

1500 rpm 5 1 ml PBS

1500 rpm 5 Indo-1-AM
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1000 μl blank 1000 μl 

PBS 37ºC 1h 10 min sample

1h PBS 2 1500 rpm 5 min

400 μl PBS transfer FACS

10000 CellQuest

blank( peak) peak 100~101 control peak

100~101 M1 gated 0 sample peak

calcium release( 3-4)  peak

 3-4 

12. DAPI 4 -4-diamidine-2-phenyl indole

DAPI 4 -4-diamidine-2-phenyl indole

binding DNA minor groove

chromosomes 
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condensation DNA DNA fragmentation

DNA DAPI

( 3-5)

SCC-4 6 well plate well  1×104/ml

3 ml 75 M Berberine

24 48

PBS 3 3% Formaldehyde/PBS 10~15

PBS 2 0.1% Triton X-100/PBS 1 ml 15

PBS 2 DAPI

1 l/ml 300 l 37 30

PBS 3 200X

3-5  DAPI DNA

DAPI
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13. Comet assay

single cell gel electrophoresis assay

Comet assay DNA DNA 

damage

DNA damage DNA

DNA

SCC4 6 well plate well

 1×106/3ml 75 M Berberine

(12 24 36 48 h)

medium 3 M H2O2 1%  gel 

 55  0.1% trypsin 200 l

digestion 2 min 1 ml PBS  trypsin  cell 

1.5 ml  1500 rpm  5 min  pellet 

 1×PBS 200 l

 70 l  0.5% Normal-melting-point argarose

NMA  0.5% low-melting-point argarose LMA

 45°  10 

l  60 l 80-10  0.5% LMA

 45° 
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lysis buffer lysis buffer ( 3-4)

(phospholipids) DNA

 lysis buffer 1 hr

alkalin buffer 20 min  alkalin buffer

Alkalin buffer ( 3-5) DNA 

DNA  30 min 25

V 300 mA  0.4 M Tris buffer Tris buffer (

3-6)  pH  methanol  PI

 2.5 g/ml 100

3-4  Comet assay lysis buffer

Lysis buffer pH 8~10

5M NaCl 100 ml 

1M Tris-HCl 2 ml 

0.5M EDTA 40 ml 

Triton 2 ml 

DDW 56 ml 

Total 200 ml 

3-5  Comet assay Alkalin buffer
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Alkalin buffer pH 13

NaOH 12 g  

EDTA 0.3724 g  

DDW 1000 ml 

3-6  Comet assay Tris buffer

0.4M Tris buffer 

HCl pH 7.5

Tris 48.456 g  

DDW 1000 ml 

14. Western blot

(1) Protein extraction

.Protein 

Extraction Solution lysine buffer PRO-PREP 6 well 

plate 5×105 /well well medium

3 ml 24 75 M Berberine

6 well plate 30 μl/well 6 12 24 36 48h

PBS
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trypsin 37 2

1 ml PBS trypsin

1500 rpm 5 1 ml PBS

1500 rpm 5 PBS

100 μl lysine buffer -20  overnight

14000 rpm 20min lysine buffer

(

3-7)

3-7

( g/ml  100 mg /ml BSA ml DDW ml

100 500 0 

80 400 100 

60 300 200 

40 200 300 

20 100 400 

0 0 500 

(2)

Bradford Bovine serum albumin; BSA

ELISA reader O.D. 595 
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nm standard curve

R2 value

Bradford 2 ml 8 ml 5×

15 μl BSA 735 μl Bradford

96 well plate well 200 μl

5 min O.D.595 nm

O.D. value Y g/mL X ---y=a 

x + b R2 value 0.99

15 μl sample protein 735 μl Bradford 5

5

y y=a x + b sample μg/ml

(3)

SDS-PAGE Separation gel

SDS-PAGE Separation gel ( 3-8)

isopropanol

isopropanol

comb SDS-PAGE Stacking gel

( 3-9)
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running buffer

5X protein loading dye 100 10 min

Multimaker 5 l sample 18 l

80 Volts stacking gel

110 Volt SDS-PAGE SDS-PAGE

3-8  SDS-PAGE Separation gel

10  Separation gel 12% Separation gel 

( )

40% Acryamide/Bis 29:1 5 ml 6 ml 

Running buffer 5 ml 5 ml 

10% SDS 0.2 ml 0.2 ml 

10% APS 0.2 ml 0.2 ml 

TEMED 20 l 12 l

3-9  SDS-PAGE Stacking gel

 Stacking gel

H2O 4.06 ml 

40  Acrylamide/Bis 29:1 1.02 ml 

Stacking buffer 1.66 ml 
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10  SDS 66 l

10  APS 33.4 l

TEMED 12 l

PVDF

membrane methanol

transfer buffer transfer buffer

transfer buffer

3M separation 

gel SDS-PAGE gel 3M

transfer buffer SDS-PAGE gel

PVDF membrane

3M

( 3-6) transfer

buffer

400 mA 2

0.05% tween 20/1X PBS 10 3 2% FBS

0.05 % tween 20/1X PBS blocking 1

0.05 % tween 20/1X PBS 
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10 3 8 ml

blocking solution 4

0.05% tween 20/1X PBS 

10 3 8 ml 10000 goat anti IgG 

HRP  horseradish peroxidaseconjugated antibody 

2% FBS 0.05% tween 20/1X PBS 1

0.05% tween 20/1X PBS 10 3

3-6

(4)

ECL

1.5 ml 1

cassette cassette

3M paper 

PVDF membrane 

SDS-PAGE gel 

3M paper 
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Hyperfilm 

5 1

30 30 30

signal

15. Real-Time PCR( )

Real-time PCR AIF, 

caspase-3, -8  -9  EndoG. cDNA

mRNA

cDNA Trizol RNA

Real-time PCR AIF, caspase-3, -8 

-9  EndoG. 75 M SCC4

0 24  48 Qiagen RNeasy Mini Kit total RNA

RNA cDNA Kit

42°C 30 Quantitative PCR :

50°C 2 95°C 10 95°C,15 40

cDNA Kit 1 l 60°C 1 2X SYBR Green PCR

(Applied Biosystems) 200 nM

7300 Real-Time PCR
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comparative CT method

mRNA

16. metastasis

metastasis Migration assay

cell invasion assay

(1). Migration assay

6 well plate 1 cm

SCC-4 5×106 cells/well well medium

3 ml

berberine(62.5 125 M ) 37 5  CO2

12 h 24 h 48 h 72 h

(2). cell invasion assay

24 well Transwells upper chamber coating matrigel

1% 1 loading 50 M matrigel 37

matrigel 5×105 cells/ ml

FBS 24 well Transwells lower chamber well

800 l 1 l fibronetin upper chamber

medium lower chamber upper chamber well
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well 200 l 1×105 cells

berberine(62.5 125 M) 37

48 upper chamber

methanol -20 30

PBS homotocylin stain PBS

membrane

100X

17.

±  (mean ±SD) 

Student’s t test * p 0.05
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caspase-8, -9 -3 AIF EndoG

SCC-4

1. SCC-4

12 24 48

0 15 25 50 75 100 M IC50

75 M 4-1

4-1

n=3 * p 0.05 ** p 0.01
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2. SCC-4

0 15 25 50 75 100 M SCC-4

48

G0/G1 G2/M apoptosis

SCC-4 G0/G1

4-2

(A)

4-2

Control 15 M M 25 M M

50 M M 75 M M 100 M M

Channels (FL2-A)
0 40 80 120 160

Channels (FL2-A)
0 40 80 120 160

Channels (FL2-A)
0 40 80 120 160

Channels (FL2-A)
0 40 80 120 160

Sub-G1

Sub-G1 Sub-G1
Sub-G1

Ch l (FL2 A)

Channels (FL2-A)
0 40 80 120 160
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(B)

4-2 n=3 * p 0.05

3. SCC-4 MMP m

mitochondrial 

dysfunction

cytochrome c AIF Endo-G caspase

75 M 0.5 1 3

6 12 24 48

*

C oncentra tions o f berberine  ( M )

0 15 25 50 75 100

A
po

pt
os

is
 (%

)

0

5

10

15

20

25

30

*

*
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2 6 12

24 4-3

(A)

4-3. SCC-4 MMP

Time dependent

Control 

3h 6h

1h

12h 

24h 

48h 



71

(B)

4-3 n=3 * p 0.05 ** p 0.01

4. SCC-4 ROS

ROS

cytochrome c

apoptosis DNA p53

75 M 0.5 1 3

6 12 24 12

4-4

Time of Incubation (hr)

Control 1 3 6 12 24 48

Pe
rc

en
ta

ge
 o

f M
M

P 
de

cr
ea

se

0

10

20

30

40

50

60

70

*

**



72

A

4-4. SCC-4 ROS

B

4-4 n=3 * p 0.05

Control 

Time dependent

6h

0.1h

1h

0.5h

3h12h

 T im e  o f In c u b a tio n  (h r )

C o n tro l 0 .1 0 .5 1 3 6 1 2

P
er

ce
nt

ag
e 

of
 R

O
S

 p
ro

du
ct

io
ns

0

1 0

2 0

3 0

4 0

5 0

*

*
* *



73

5. SCC-4 calcium release
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4-5 n=3 * p 0.05
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DNA  damage 4-7

4-7. Comet assay DNA

8.
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G0/G1

75 M SCC-4 0 12  24

48 72 Bcl-2 Bcl-xL

Bax, Bad  Bak 4-8A Cytochrome c, Apaf-1, 
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caspase-9 -3 ( 4-8B)  Fas, FADD caspase-8

( 4-8C) apoptosis

(A ) 

4-8. SCC-4
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(B)

4-8

(C)

4-8
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9. Real-Time PCR

(caspase-3, -8 and -9, 

AIF and EndoG) mRNA

Real-time PCR ( 4-1) 75 M SCC-4

0 24  48 AIF, Caspase-3, -8  -9  EndoG

 mRNA ( 4-9)

4-1 DNA

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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4-9 SCC-4  mRNA 
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FAK, IKK, NF- B, u-PA  MMP-2 

-9 SCC-4

10. SCC-4 Cell Viability assay

0 24 48 0

62.5 125 M dose and time- 

dependent 48 62.5

125 M 40  52% 24 125 M

4-10

4-10

n=3 * p 0.05 *** p 0.001
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11. SCC-4 (migration)

SCC-4

cell motility assay  SCC-4 

FBS

0 62.5 125 M SCC-4

0 24 48 12

125 M 48

SCC-4 migration ( 4-11)

4-11 SCC-4
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12. SCC-4 (invasion)

Boyden chamber
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48 62.5 M

58% 125 M 42%

( 4-12)

(A ) 
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(B)

4-12 n=3 *** p 0.001

13. (migration) (invasion)

125 M SCC-4 0

6 12 24 48

MMP-2  MMP-9 4-13A uPA 4-13B

FAK, p-JNK p-ERK 4-13C IKK  NF- B 4-13D
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 MMP-9
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(A ) 

4-13 SCC-4

(B)

4-13
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(C ) 

4-13

(D ) 

4-13
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SCC-4

14. (Mouse Xenograft Model)

( )

( 4-14)

4-14. SCC-4

SCC-4 

 (1x107) PBS
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( )

10 100 m m3 (

) DMSO berberine

(10 mg/ kg) doxorubicin (4 mg/ kg) 34

100 l  ketamine (80 mg/kg)  xylazine (16 

mg/kg) 

15.  (Xenograft Mouse) 

1x107 SCC-4 10

30 l DMSO berberine (10 mg/kg) 

doxorubicin (4 mg/kg) 34

4-15A

4-15 B  berberine

4-15 C

berberine 4-15 D
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(A)

4-15

(B)

4-15
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(C)

4-15 *** p 0.001

(D)

4-15
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16. doxorubicin berberine

1x107 SCC-4 ( )

30 l DMSO

doxorubicin (4mg/kg) berberine (10

mg/kg) 10 (34 )

 ( )

a b V=1/2ab2

=( )

×100% doxorubicin

65% berberine

52% ( 4-16)

(A)

4-16
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caspase-8, -9 -3 AIF EndoG
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Apaf-1 caspase-9 95
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caspase-3 -8 -9 cytochrome c Apaf-1 Fas FADD

SCC-4 Bax/Bcl-2
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cytochrome c

Bcl-2  Bcl-xL Bax

cytochrome c

97

cytochrome c98

/ caspase-8

caspase-8

caspase-3 99 SCC-4

caspase- 8, -9  -3 caspase-9

caspase-3 ( )

Apaf-1 caspase-3

caspase 



94

pan-caspase inhibitor caspase

caspase-3, caspase-8,  caspase-9

SCC-4

caspase Fas ( Fas SCC-4 )

FAK, IKK, NF- B, u-PA  MMP-2  -9

SCC-4

50 51 54

55 57-60 SCC-4

SCC-4

SCC-4 

ERK 1/ 2 ERK 1/ 2 NF- B

100 NF- B

101

NF- B 102-105

SCC-4 NF- B I B

ERK1/2 MAPK  NF- B
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 (MMPs) 

ECM 106-108

MMP-9 NF- B ECM -

ECM 109 ECM

110 111

MMPs MMP-2  MMP-9

IV 112-114 MMP-2

115 116

MMP-2  MMP-9

MMP-2  MMP-9

117-119

SCC-4 MMP-2  MMP-9 MMP-2

 MMP-9 uPA NF- B AP-1120 121 NF- B

MMP-2  MMP-9 122

123 ERK AP-1

NF- B MMP-9

NF- B I B
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MMP-2  MMP-9

NF- B I B  (NF- B )

NF- B 124

MMP

125 MMP MMP

MMP

SCC-4

52 57

126-129

 SCC-4  SCC-4 

129 130

10 mg/kg 

( 30 M ) 

SCC-4

 ( 50%  )
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52%

 SCC-4 

10 mg/kg 

4mg/kg doxorubicin 4-15

65%

SCC-4

( berberine  doxorubicin )

p53  p53 

 p53 

Ca Ski cell  p53  positive cells 

 H1299 cells

A549 cells p53-positive-A549 tumor 

xenograft  p53-deficient-H1299 tumor xenograft 131

/

SCC-4

/
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1. caspase-8, -9 -3 AIF EndoG

SCC-4

 SCC-4

Fas ( ) caspase-8

caspase-9 caspase

caspase-3 caspase-3

 ( 6-1 )

6-1  SCC-4
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2. FAK, IKK, NF- B, u-PA  MMP-2  -9

SCC-4

SCC-4

 p-ERK  NF- B MMP-2

-9  ( 6-2 )  FAK, p-38, p-JNK 

p-ERK AP-1 NF- B MMP-2 -9.

6-2 SCC-4
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3. SCC-4

10 mg/kg

SCC-4 berberine

52%

6-3 SCC-4

*** p 0.001
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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 Ca2+.

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 c 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 is 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, I K 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- B 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 B (NF- B)

Inhibitory B (I B)
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a b s t r a c t

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, IjK and NF-jB 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-jB 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.

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

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.

0304-3835/$ - see front matter � 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.canlet.2009.01.033
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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-jB and anti-IjB 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 cm2 cell culture flasks and grown under
a humidified 5% CO2, 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 � 105 cells/well) were
placed in 12-well plate were then treated with 0, 62.5
and 125 lM 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 lM) for 0, 24 and 48 h. Cells were photo-
graphed under phase-contrast microscopy (�100) 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 lmporosity
polycarbonate filters (Millipore, Billerica, MA, USA) were
re-coated with 30 lg 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 � 104 cells/0.4 ml
RPMI-1640) were placed onto the upper compartment
and incubated with vehicle or berberine (0, 62.5 or
125 lM). Then the plates were incubated at 37 �C for
48 h in a humidified atmosphere with 95% air and 5%
CO2. 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 lM 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-
jB, IjB (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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62.5 and 125 lM berberine at 48 h treatment but at 24 h treatment of
berberin, only 125 lM induced a significant decrease of viable cells.

3.2. Berberine inhibited the migration of SCC-4 cells in vitro

Effects of berberine on cell migration were investigated using a
wound-healing assay and results are shown in Fig. 2. Higher berberine
concentrations (125 lM) and longer incubation time period (48 h) led
to greater inhibition of cell migration in SCC-4 cells. These effects were
dose-and time-dependent.

3.3. Berberine inhibited the invasion of SCC-4 cells in vitro

Data of Fig. 3A shows that SCC-4 cells migrated from the upper to the
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-
ence of berberine. This inhibitory effect was higher at a berberine
concentration of 125 lM than 62.5 lM. The quantification of cells in
the lower chamber from Fig. 3B indicated that berberine significantly
inhibited SCC-4 cell invasion, and the percentage of inhibition ratio is
42–58% and this effect was dose-dependent.

Fig. 1. Berberine decreased the percentages of viable SCC-4 cells in vitro. SCC-4 cells (2 � 105 cells/well; 12-well plates) were treated with 0, 62.5 and
125 lM 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.

Fig. 2. Berberine inhibited the migration of SCC-4 cells in vitro. SCC-4 cells (2 � 105 cells/well; 12-well plates) were treated with 0, 62.5 and 125 lM
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 (�100).
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3.4. Berberine inhibited levels of MMP-2, MMP-9, u-PA, FAK, p-p38, p-JNK,
p-ERK, IKK and NF-jB 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-jB (Fig. 4D)
were lower then the corresponding control. However, IjB (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-jB levels but inducible IjB levels in
SCC-4 cells. ERK1/2 was reported to be important for the
activation of NF-jB [27]. NF-jB 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-jB activation [29–32].
Therefore, these results suggested that anti-cancer activity
of berberine may be involved in both ERK1/2 MAPK and
NF-jB 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-jB, which can degrade the
ECM, altering cell–cell and cell-ECM interactions, and it is

Fig. 3. Berberine inhibited the invasion of SCC-4 cells in vitro. SCC4 cells (104 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�200 (panel A). Quantification
of cells in the lower chamber, was performed by counting cells at �200 (panel B). ***P < 0.001, significant difference between berberine-treated groups and
the control.
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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-jB and
AP-1 [47,48]. Therefore, the inhibitory effect of berberine
on NF-jB 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-jB 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-jB 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-jB. 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-jB. 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,
IjB, respectively which is shown in Figs. 4 and 5.

NF-jB 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

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 � 106 cells/well) were treated
with berberine at 62.5 lM 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-jB and IjB (panel D) expressions were
estimated by Western blotting, as described in Materials and methods.
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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-jB 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-jB 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-jB but promoted the pro-
tein levels of IjB which may lead to inhibit MMP-2 and
MMP-9 protein levels. It was reported that berberine can
specifically inhibit the activation of NF-jB by preventing
the degradation of IjB (NF-jB inhibitory subunit) which
can block the translocation of NF-jB 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 throughMAPK and NF-jB 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-jB 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 (10mg/kg of body weight) and
doxorubicin (4mg/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 4mg/kg of doxorubicin or with 10mg/kg of
berberine resulted in a reduction in tumor incidence. Tumor size in xenograft mice treated with 10mg/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.
r 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

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 1C in a humidified 5% CO2 and 95% air
(Lin et al., 2007).

In vivo tumor xenograft model

Six-week-old female BALB/cnu/nu 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 (i.p.)
injection of 30 ml of berberine (10mg/kg) and doxoru-
bicin (4mg/kg), and underwent a laparotomy.
SCC-4 cells (1� 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 100mm3

and injected i.p. every 4 day with 30 ml of DMSO
control vehicle, berberine (10mg/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
(mm3) ¼ L�W2/2 (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 mean7SD, between the animal
groups were compared by Student’s t-test. ***po0.001
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 (4mg/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 10mg/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 100mm3 then randomly divided into 3 groups. Group 1 was treated with DMSO

i.p. only. Group 2 were treated with 10mg/kg berberine i.p. and Group 3 was treated with 4mg/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.

Fig. 2. Representative tumor on the xenograft animal model. Eighteen nude mice were s.c. implanted with 1� 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 10mg/kg berberine

and Group 3 was treated with 4mg/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. ***po0.001 (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 mean7SEM 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. ***po0.001.
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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 (30mM) 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.

Acknowledgement

This work was supported by grants CMU96-086 and
CMU97-086 from China Medical University of Taiwan.

References

Choi, B.H., Ahn, I.S., Kim, Y.H., Park, J.W., Lee, S.Y.,

Hyun, C.K., Do, M.S., 2006. Berberine reduces the

expression of adipogenic enzymes and inflammatory

molecules of 3T3-L1 adipocyte. Experimental and Mole-

cular Medicine 38, 599–605.

Craig, W.J., 1999. Health-promoting properties of common

herbs. The American Journal of Clinical Nutrition 70,

491S–499S.

Ho, Y.T., Lu, C.C., Yang, J.S., Chiang, J.H., Li, T.C., Lin,

J.G., Chung, J.G., 2008. Berberine induced apoptosis in

SCC-4 human tongue squamous carcinoma cancer cells

through caspase-3-dependent and -independent pathways.

Cancer Science, submitted for publication.

Kim, J.B., Lee, K.M., Ko, E., Han, W., Lee, J.E., Shin, I., Bae,

J.Y., Kim, S., Noh, D.Y., 2008. Berberine inhibits growth

of the breast cancer cell lines MCF-7 and MDA-MB-231.

Planta Medica 74, 39–42.

Kuo, P.L., Hsu, Y.L., Cho, C.Y., 2006. Plumbagin induces

G2-M arrest and autophagy by inhibiting the AKT/

mammalian target of rapamycin pathway in breast cancer

cells. Molecular Cancer Therapeutics 5, 3209–3221.

Lin, C.C., Yang, J.S., Chen, J.T., Fan, S., Yu, F.S., Yang, J.L.,

Lu, C.C., Kao, M.C., Huang, A.C., Lu, H.F., Chung, J.G.,

2007. Berberine induces apoptosis in human HSC-3 oral

cancer cells via simultaneous activation of the death

receptor-mediated and mitochondrial pathway. Anticancer

Research 27, 3371–3378.

Lin, T.H., Kuo, H.C., Chou, F.P., Lu, F.J., 2008. Berberine

enhances inhibition of glioma tumor cell migration

and invasiveness mediated by arsenic trioxide. BMC

Cancer 8, 58.

Nishino, H., Kitagawa, K., Fujiki, H., Iwashima, A., 1986.

Berberine sulfate inhibits tumor-promoting activity of

teleocidin in two-stage carcinogenesis on mouse skin.

Oncology 43, 131–134.

Parkin, D.M., Pisani, P., Ferlay, J., 1999. Estimates of the

worldwide incidence of 25 major cancers in 1990. Interna-

tional Journal of Cancer 80, 827–841.

Peng, P.L., Hsieh, Y.S., Wang, C.J., Hsu, J.L., Chou, F.P.,

2006. Inhibitory effect of berberine on the invasion of

human lung cancer cells via decreased productions of

urokinase-plasminogen activator and matrix metalloprotei-

nase-2. Toxicology and Applied Pharmacology 214, 8–15.

Sack, R.B., Froehlich, J.L., 1982. Berberine inhibits intestinal

secretory response of Vibrio cholerae and Escherichia coli

enterotoxins. Infection and Immunity 35, 471–475.

Yang, S.F., Yang, W.E., Chang, H.R., Chu, S.C., Hsieh, Y.S.,

2008. Luteolin induces apoptosis in oral squamous cancer

cells. Journal of Dental Research 87, 401–406.

Yount, G., Qian, Y., Moore, D., Basila, D., West, J.,

Aldape, K., Arvold, N., Shalev, N., Haas-Kogan, D.,

2004. Berberine sensitizes human glioma cells, but

not normal glial cells, to ionizing radiation in vitro.

Journal of Experimental Therapeutics & Oncology 4,

137–143.

ARTICLE IN PRESS
Y.-T. Ho et al. / Phytomedicine ] (]]]]) ]]]–]]]4

Please cite this article as: Ho, Y.-T., et al., Berberine inhibits human tongue squamous carcinoma cancer tumor growth in a murine xenograft

model. Phytomedicine (2009), doi:10.1016/j.phymed.2009.02.015



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


