
NCI-H460

The mechanism(s) of gallic acid-induced apoptosis in large cell  
carcinoma (NCI-H460) 
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AIF: apoptosis inducing factor  

Apo2L: apoptosis-inducing ligand 2 

APAF1: apoptotic peptidase activating factor 1 

BAD: BCL2-antagonist of cell death 

BAX: BCL2-associated X protein 

BCL2: B-cell chronic lymphocytic leukemia/lymphoma 2 

BCLXL: (BCL2L1)BCL2-like 1 

BID: BH3 interacting domain death agonist 

CAD: (DFFB)DNA fragmentation factor, 40kDa, beta polypeptide 

CHOP: C/EBP homologous protein 

GADD153: growth arrest and DNA damage-inducible gene 153 

DAXX: Death-associated protein 6 

DIABLO: direct inhibitor of apoptosis protein 

DISC: death-inducing signal complex 

FADD: Fas (TNFRSF6)-associated via death domain 

FAS: CD95 

FAF1: Fas (TNFRSF6) associated factor 1 

FLIP: FLICE (FADD-like interleukin 1 -converting enzyme) inhibitory 

protein 

GRP78: glucose regulated protein 78 

IAP: inhibitor of apoptosis   

PUMA, p53-upregulated modulator of apoptosis 

Smac: second-mitochondria-derivated activator of carspase 

TRAIL: tumor necrosis factor-related apoptosis-inducing  

ligand
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-

(gallic acid) (large cell carcinoma)

NCI-H460

G0/G1

G0/G1 (apoptosis)

(mitochondrial membrane 

potential)

(Ca2+)

DNA (damage)

DNA

(Westernblotting) Fas

Fas-L caspase-3 Bax Cytochrome c Bcl-2 Bcl-xl

NCI-H460
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DNA p53 G0/G1 Fas Fas-L

caspase-8 caspase-3 Bcl-2

Bcl-2 Bcl-xl Bax

cytochrome

c caspase-9 caspase-3 DNA
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Abstract

Cancer is the leading cause of death for decades in Taiwan. Due to the 

genomic instability, cancer cells acquire many malignant characteristics 

including high growth ability, high metastatic property and inducement of 

angiogenesis, which may lead to the poor cure of cancer. As a result, more 

and more investigators are trying to discover anti-cancer drugs with high 

effective and low toxicity. Today, a compound called gallic acid is found to 

exhibit anti-cancer activity. It can induce human lung adenocarcinoma cells 

apoptosis. However, gallic acid is not applied to the study of large cell 

carcinoma yet and its molecular mechanism(s) of anti-cancer effect is also 

not well-investigated.  

In this study, we have addressed the cytostatic and apoptosis effects of 

gallic aicd on human large cell carcinoma cell lines (NCI-H460). Treatment 

of NCI-H460 cells with gallic aicd resulted in the inhibition of cell 

proliferation , arrest of cell cycle in G0/G1 phase and commitment to 

apoptosis. Inhibition of cell proliferation was examined by flow cytometry. 

The inhibition effect is dose-dependent manner. The effects on cell cycle 

phases were determined at 50-300 M of gallic aicd using flow cytometry 

detected by morphological cell changes, sub-G1 peak occurrence. Gallic aicd 

also induced the levels of Ca2+ concentration and decreased the levels of 

mitochondria membrane potential in NCI-H460 cells. The DNA damage of 

NCI-H460 cells indeuced by gallic aicd was observed by Comet assay. The 

results also demonstrated that gallic acid up-regulate the expression of 

apoptotic factors Fas Fas-L and cytodhrome c. The active form of apoptosis 

key enzyme caspase-3 was increased and the apoptosis inhibitors Bcl-2 and 

Bcl-xl were down-regulated.The apoptosis inducer Bax were up-regulated. 

Overall, we proved gallic acid induced cell cycle arrest and apoptosis in 
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human large cell carcinoma cells in our study. This suggest a plausible 

utilization of this compound as an anti-proliferative agent in cancer therapy. 
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mesothelioma carcinoid

malignant lymphoma

, bronchial bronchiolar

epithelial cell 90-95% Merck Manual 

Professional Edition

Hamilton et al.,2005

Clegg et ai., 2002

apoptosis

1995 60

2005 163,500

127,500 WHO,

2006 (National Lung Cancer 

Partnership,2006).
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2006

2006

2005

 2005-2006

WHO, 2006 ,

,

Vaporciyan et al., 2000

90% 80%

87%

4% 22%

30%

,

Chiu et al., 2006

,

,
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 1.

12% 25%

 2.

75% 88%

small cell lung cancer

non-small cell lung cancer

adenocarcinoma 30-40% squamous cell 

carcinoma 20-30% large cell carcinoma 10-15%

(Travis et 

al.,1995)

Murray et al., 2006

(Clegg et al., 2002)

Strand

2007
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gallnut

Pemphigidae

Anacardiaceae Rhus

oak apple 

day
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1.1 1.2 

( )

Tannin

1
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1.3 

  gallic acid monohydrate  

 3,4,5-trihydroxybenzoic acid monohydrate  

C6H2(OH)3COOH 

188.14  

251°C

15 g/l (20°C)  

:
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1.4

gallnuts hops witch hazel sumac

oak bark

:

: DNA

Interphase(G0 Gl S G2) Mitosis(M)phase

G0

Gl

G1 RNA

Gl 2N S(synthesis)

(chromosome)DNA

DNA (S ) DNA

2N~4N
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(G2 ) G2

2N 4N

M DNA

mitosis

M

checkpoint

DNA damage cell cycle arrest

DNA G1

S DNA G2

DNA

M

(apoptosis)

CDKs(cyclin dependent kinases) (cyclins)

DNA damage

 Cdk 

(Senderowicz, 2004

cyclins

 cyclin 8  A B1 2 3 D1 2 3 E

F G H
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G1 phase cyclin cyclin D E S phase

cyclin A G2/M phase cyclin A B cyclin A B mitotic 

cyclins interhase mitosis

cyclin box

cyclin-dependent kinases Cdks cyclin-Cdk

Cyclin-dependent kinases Cdks

   Cdks serine/threonine protein kinase catalytic subunit

cyclin regulatory subunit Cdks

Cdks Morgan, 1997 Cdks

 Cdk

7 :Cdh1(cdc2) Cdk2 3 4 5 6 7 D Cdk4/6

E Cdk2 G1

E Cdk2 S A

Cdk2 S B Cdk1 M

Sherr, 1996 Sherr, 2000 Ho and Dowdy, 2002
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Cyclins-dependent kinases inhibitors CdkIs and p53 

   CdkIs Cdks Cdks Cdks

CdkIs :

KIP/CIP(CdK inhibitory protein)family

p21Cip1/Waf1/Sdi1/Sap20 p27Kip1 p57Kip2 Sherr and Roberts,1999

cyclin E-Cdk2 cyclin A-Cdk2 cyclin D-Cdk4

p57Kip2 p21 Cip1/Waf1/Sdi1

tumor suppressor gene p53 DNA cyclin 

E-Cdk2 G1

cyclin-CdK cyclin-Cdk-CdkI

INK4 inhibitors of kinase 4 family p16INK4a

p15INK4b p18INK4c p19INK4d Sherr and Roberts, 1999 Cdk4 6

cyclin D cyclin D Cdk4 6

Rb retinoblastoma G1

McConnell et al., 1999 p53

80 p53

1.1

Cell cycle stage Cyclins   CDKs 

G0 /G1 phase Cyclin D Cdk4, Cdk6 

Late G1 phase Cyclin E Cdk2 

S (synthesis) phase Cyclin A Cdk2 

G2/M phase Cyclin B Cdk1 
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 pRb E2F families  

    pRB retinoblastoma protein pocket protein families pRB

pRB1,P110 pRB2/p130 p107 E2F early gene 2 factor families

E2F-1 E2F-6 Dyson 1998

    E2F transcription factor Rb

Rb cyclin-Cdk E2F E2F

pRB E2F-1,2,3 pRb2/p130 p107 E2F-4,5 E2F-6

polycomb group proteins PcG

E2F-4,5 pRB2/p130 E2F PcG G0 early G1

transcription repressors E2F-1,2,3 transcription activators

late G1 S Stevaux and Dyson, 2002

apoptosis

necrosis

(apoptosis) 1972 John Kerr

(physiological cell death) 

(programmed cell death)

shrinkage
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membrane blebbing

chromatin condensation DNA internucl eosomal 

fragmentation

apoptotic body

Alzheimer disease Behl et al., 2000 AIDS
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1.2 2003

Necrosis Apoptosis

Morphological features 
·   ·
·   ·  chromatin
·   ·
·   ·

· ·  (apoptotic 
bodies)  

 · (bcl-2 family
)

Biochemical features 

· ·
enzymatic steps  

·   ·  Energy (ATP)-dependent  
·DNA  (smear )  ·  DNA

(ladder pattern )  
·  DNA 
fragmentation ( )

·  DNA fragmentation ·

(cytochrome C ,AIF)  
 ·caspase cascade 
 ·

( phosphatidylserine )

Physiological significances 
·   ·
·   ·
( , , ,

)
(growth factors , hormonal 
environment )

·macrophages
·  or macrophages 

·   ·
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cellular morphology 

change  phosphatidylserine  PS 

( Shrinkage DNA oligonucleosomal DNA cleavage

nuclear shrinkage chromatin condensation

apoptoic body

apoptosis 

necrosis Fadok et al., 1992

18 m

DNA TUNEL

Terminal deoxynucleotidyltransferase UTP NickEnd Labeling DAPI 

staining assay comet assay DNA

apoptosis 

signal transduction cascade

A. — Death receptor initiated pathway

Fas TNFR-1 TRAIL

receptor surface receptor

caspase cascade
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1. Fas/FasL CD95/CD95L

Fas TNF tumor necrisis factor  receptor superfamily type I

FasL TNF receptor superfamily type Fas FasL

Fas receptor trimerization FADD Fas-associated death 

domain receptor domain FADD

procaspase-8 DISC death-inducing signaling 

complex procaspase-8

caspase-8 caspase-8 caspase-3 caspase-7

caspase-3 caspase-6 effector caspase caspase-3 6 7

caspase substrate Bratton et al.,2000

caspase-8 Bcl-2 Bid tBid

cytochrome c caspase-9 caspase-3

apoptotic death Budihardjo et al., 1999

2. TNFR1 tumor necrosis factor receptor 1

TNF T TNF

TNFR1 TRADD TNFR-associated death domain

receptor doman caspase-8

RIP receptor interacting protein TRAF2 TNF-associated factor 2

NF- B Derradji and Baatout, 2003
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1.3 death receptors

Receptors Ligands

CD95(Fas, Apo1) CD95L 

TNFR1(p55, CD120a) TNF/ lymphotoxin 

DR3(Apo3, WS-L1, 

TRAMP, LARD) 

Apo3L(TWEAK)

DR4 Apo2L(TRAIL) 

TNF gene 

super

family

DR5(Apo2, TRAIL-R2, 

TRICK2,KILLER)

Apo2L(TRAIL)

3. TRAIL TNF-related apoptosis inducing ligand

TRAIL apoptosis Fas Fas

FasL T cell NK cell TRAIL

TRAIL receptor DR4 DR5 TRAIL DR4 DR5

DR4/DR5 Death domain caspase-8 10

Marsters et al., 1997

receptor DR4/DR5 TRAIL DcR1

DcR2 TRAIL DcR1 DcR2

B. — Mitochondrial pathway

DNA ROS (reactive 

oxygen species) 

 (mitochondrial 

membrane permeabilization, MMP)  (mitochondrial 

transmembrane potential)
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(1) cytochrome c (2) 

caspases (3) Smac/DIABLO (Second 

Mitochondrial Activator of Caspases/Direct IAP Binding protein with Low 

pI) (4)HtrA2/Omi (5) AIF (apoptosis inducing factor)  (6) Endo G 

(endonuclease G)

Cytochrome c 

apo-cytochrome c Apo-cytochrome c 

apo-cytochrome c 

cytochrome c lyase hem moiety 

holo-cytochromec  (intermembrane space)

Cytochrome c 

complex III complex IV Liu 1996 cell-free

caspase-3 dATP holo-cytochrome c 

cytochrome c 

Apaf-1 (apoptoticprotease-activating factor-1) 

caspase-9 dATP caspase-9 

caspase-3 

cytochrome c caspase

1998 Mancini

 (confocal microscope)  (electron microscope)

UVB C2-ceramide saturosporine caspase-3 

caspase-3 

caspase-3 

caspase-3 

caspase-9 caspase-2 caspase 
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IAPs

(inhibitor of apoptotsis proteins) caspase 

caspase XIAP c-IAP1

c-IAP268-71 BIR (baculovirus IAP repeat) 

caspase caspase 

BIR caspase

XIAP BIR caspase-9 

BIR caspase-3 69

SMAC/DIABLO HtrA2/Omi

IAPs caspase SMAC/DIABLO

N MLS (mitochondrial localization sequence) 

MLS SMAC

/DIABLO IAPs IAPs

caspase XIAP SMAC /DIABLO XIAP

XIAP caspase-9 72 HtrA2/Omi

smac/DIABLO (1) N MLS

MLS (2) N

(3)

IAPs IAPs HtrA2/Omi

(overexpression)

Apaf-1 

caspase-9 HtrA2/Omi

HtrA2/Omi IAPs Suzuki
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HtrA2/Omi N

( IAP ) serine-protease

74 HtrA2/Omi IAPs

caspase serine-protease

AIF Endo G 

DNA DNA

 (nuclease) caspase 

AIF SMAC /DIABLO HtrA2/Omi MLS

Endo G 

AIF Endo G caspase

PS (phosphatidylserine) 

Endo G DNA caspase DNA

AIF DNA 50 kb61,80

A. Caspase 

Apoptosis protease

caspase cysteine aspartyl-specific protease cysteine 

protease aspartic acid residues Alnemri et al., 1996 Caspase

pro-caspase 30-50 kDa pro-caspase 

domain NH2 terminal large

subunit small subunit Pro-caspase caspases 

domain pro-domain linker region

subunit caspase Nicholson et al., 1997

Caspase initiator caspase effector caspase initiator caspase
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effector caspase initiator

caspase caspase-2 8 9 10 effector casapse caspase-3 6

7 cyrochrome c Apaf-1 caspase-9

caspase-3 6 7 lamin PARP poly

ADP-ribose polymerase PARP DNA caspase-3

PARP 116 kDa 85kDa

casapse-3 ICAD Inhibitor of CAD CAD caspase-activated

Dnase DNA fragmentation

B. Bcl-2 

Bcl-2  (Bcl-2 family protein) 

Bcl-2 

(1)  (anti-apoptotic subfamily) 

(2) (multi-domain pro-apoptotic subfamily) 

(3)  (BH3 only protein subfamily)

Bcl-2 Bcl-xL Bcl-w Mcl-1 A1(Bfl-1)

4 Bcl-2 homology (BH)  (BH1 BH4)

Bax Bak Mtd (Bok) Bcl-rambo 3 BH

 (BH2 BH4) Bik (Nbk) Bad Bid

Bim(Bod) Hrk (DP5) Noxa Blk Bnip3 (Nix) Bnip3L Puma p193 Bmf

Bcl-G BH3
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Bax Bak

Bid Bim BH-3

88-89 Bax  (monomer) 90-91

Bak Bax

92 Bak 93-94

 (oligomer)95-97

98-99 Bax  (polarity) 

Bax

Bax Bak VDAC

VDAC

VDAC Bax Bax

ROS VDAC

Bid caspase-8 granzyme B N

Bad 14-3-3

14-3-3 Bim

Bmf  (microtubule)  (actin) 

DNA p53 Noxa Puma

Desagher 1999 HeLa staurosporine

Bid Bax 

Bax N cytochrome c Wei
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2000 Bid Bak

Bax

Bcl-2

 ( Bax) Bcl-xL Bax

Bcl-xL

VDAC Huang Bcl-2 BH4 region 

Bcl-2 BH3 region 

Bax Bak Bik Bid Bim Bcl-2

1.5
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(Ashkenazi A, 2002) 

C.

1 VDAC (voltage-dependent anion channel) 

VDAC (voltage-dependent 

anion channel) ATP ADP 

F1F0-ATPase H+

 (matrix) 

(hyperpolarization) H2O  (matrix) 

 (cristae)

2. PTP (permeability transition pore) 

VDAC

PTP(permeability transition pore) PTP

ANT (adenylate 

translocator) VDAC cyclophilin D PTP

83-85

PTP

1.5 kDa 

H2O



34

D. Reactive oxygen species

(ROS reactive oxygen species) ROS

DNA ROS

superoxide anion nitric oxide

NO nitric oxide ROS

ROS oxidative

stress superoxide dismutase catalase

ultraviolet light reactive oxygen 

species

p66shc

p66shc p52shc/p46shc 

(splice variant) Ras 

hydrogen peroxide (H2O2) ultraviolet

light p66shc serine p66shc

superoxide (O.-) 

ROS (oxidative damage)

(ROS) ? (1) ROS

(2)

(3)

ROS diallyl disulfide(DADS) 
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(reactive oxygen species) 

caspase

Bcl-2

Bcl-2

Bcl-2

down-regulation T

T

Bcl-2 down-regulation Bim

( caspase-8) ( caspase-3) 

cytochrome c caspase caspase-9

(caspase-3)

caspase-8 BID BID BID

cytochrome c Bcl-2

cytochrome c

(free radicals) (O2
.-
)

(
.
OH) (H2O2) DNA

(oxidative stress) AIDS,

(Huntington’s disease) (Parkinson’s disease)
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(Alzheimer’s disease)

E. Ca2+

endoplasmic reticulum ER

intracellularcalcium homostasis Beyersmann et al., 1997; Shen et al., 

2001 cytochrome

c ROS Lemairié et al., 2004 Bae et al., 

2003 (Ca2+ )

Dially disulfide

caspase-3 Dially disulfide

caspase-3 (Ca2+ )

DNA (DNA damage) (ionizing

radiation) DNA (hydroxyurea)

(genotoxic stress) DNA DNA

DNA

ATM (ataxia telangiectasia mutated)

DNA ATR ATM 

(phospho-inositide kinase family) p53 BRCA1

Rad17 ATR/ATM 

DNA 

(cell-cycle arrest)
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DNA (genotoxic stress responses)

DNA (nitric oxide)

(iNOS)

(1) (mitochondrial membrane potential)

(2)  cytochrome c

(3) caspase-9 -3 NO

(NO) (Huntington’s

disease) (Parkinson’s disease)

(Alzheimer’s disease)

F. NF- B Nuclear factor kappa B

NF- B I B

Inhibitor of B proinflammatory 

cytokines growth factor oxidative stress ultraviolet light 

I B kinase IKK complex I B E3 ubiquitin ligase 

ubiquitination I B proteasome NF- B

NF- B translocate 

NF- B Rel-A p65 NF- B p50 heterodimer Suh and Rabson, 

2004 NF- B Bcl-xL Bcl-2

Chiao et al., 2002 Lemarie et al.,2004 Li et al., 1999

IL-6 Zerbini et al., 2004 c-myc Suhand Rabson, 2004 cyclin D1

Albanese et al., 1995 NF- B
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G. p53

1. p53

p53 17 I7p13.1

16-20 kilobase (kb)

(DNA) p53

11

2-11

8-10kb 90% (substitution mutations)

5-8 p53 5 (>90%)

13-19, 117-142, 171-181,234-258 270-286 175 248 273

282 " " (hotspots) 248

273 175 245 249 282 176 179 220 213

" " ( IARC, 2002 ) " " p53

p53

p53

(missense mutation)  p53

 p53

2. p53

p53 393

[ 53kilodalton (kd)] p53 1979 SV-40

T SV40

T p53

p53 5 100
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p53 G1

S (apoptosis: programmed cell death)

p53

(stressed cells)

p53

DNA p53 " "(molecular

policeman) DNA

p53

DNA DNA

DNA DNA

P53

DNA

 p53 p53

-MDM-2 MDM-2 p53

p53 MDM-2 30%

MDM-2 p53 MDM-2

p53 WAF1 WAF1

21 kd

DNA

p53

p53 DNA (GADD-45)

(ataxia telangiectasia: AT) DNA

p53
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GADD45 p53

p53 p53

p53

p53 p53 p53

p53 p53

213-217

240 p53

GAL4

DNA p53

p53

p53

p53

p53 p53 p53

p53

p53

p53 p53 p53

p53 p53

p53 p53

p53 p53

p53 (nonsense) p53
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p53
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cisplatin

( : gemcitabine, decetaxel) cisplatin

cisplatine

apoptosis

safrole oxide

A549 Fas FasL

caspase-3 8 9 apoptosis

angiogenesis

vascular endothelial cells

Fas p53 intergrin 4

(gallic acid; 3,4,5-trihydroxybenzoic acid)
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(carcinoid)

NCI-H460

Necrosis autophage

cell cycle arrest

Herceptin STI-571

tumor suppressors growth 

receptors
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NCI-H460 human large cell 

carcinoma Food Industry Research and 

Development Institute

     NCI-H460 

Tissue: human; lung; large cell carcinoma ; pleural effusion 

Morphology: epithelial  

Description: derivated from the pleural fluid of a patient with large cell 

carcinoma prior to therapy; the cells express easily detectable p53 

mRNA at levels comparable to normal lung tissue, and exhibit no gross 

structural DNA abnormalities; the cells stain positively for keratin and 

vimentin but are negative for neurofilament triplet protein; the line 

express some properties of neuroendocrine cell, is relatively 

chemosensitive and can be clones in soft agar (with or without 

serum).

1. 4,5-dihydroxyanthraquinone-2-carboxylic acid  Rhein Sigma

Chemical Co. 

2. Dimethyl sulfoxide DMSO Sigma Chemical Co. 

3. RPMI1640 medium Gibco 

4. Fetal bovine serum , FBS Gibco
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5. L-Glutamin  , LG Gibco

6. Penicilllum Streptomycin PS Gibco 

7. 3,3’-Dihexyloxacarbocyanine iodide DioC6 Molecular

Probes 

8. propidium iodide PI Sigma Chemical Co. 

9. Trypsin-EDTA Amersco

10. Trypan blue Sigma Chemical Co. 

11. Disodium hydrogen phosphate Na2HPO4 Merck 

12. Sodium chloride NaCl Merck

13. Potassium dihydrogen phosphate KH2PO4 Merck 

14. Potassium chloride KCl Merck

15. Propidium iodide PI Sigma Chemical Co. 

16. PhiPhiLux®-G1D1 kit OncoImmunin Gaithersburg, MD,  

USA

17. RNase A Ribonuclease A Ameresco

18. Triton X-100 purchase from Sigma chemical Co. 

19. Ethanol TEDIA

20. Ammonium persulfate APS Amersco

21. Acrylamide/Bis 40  solution ACRYL/BISTM29:1  Amresco 

22. Bovine serum albumin BSA Merck

23. Glycine Amresco 

24. Methanol TEDIA

25. formaldehyde Merck 

26. ECL kit Enhanced chemiluminescent kit Amersham 

27. Protein assay-Dye reagent concentrate Bio-Rad 
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28. Protein marker Femantas 

29. 10X SDS buffer Sodium dodecyl sulfate Amresco

30. TEMED N,N,N’,N’-Tetramethyl-ethylenediamine Amresco

31. Tris Tris hydroxymethyl -aminomethane Amresco

32. Tween 20 Amresco 

33. Kodak 

34. Kodak 

35. BioMax Flim Kodak 

36. Agarose Amresco

37. DNA purification kit Gene Mark 

38. protein extraction solution PRO-PREP

iNtRON Biotechnology, INC. 

39. 5× TBE buffer Amresco

40. Primary antibody 1°

(a). anti-actin Oncogen cat # cp47 

(b). anti-p53 Sata cruz Biotechology Lot# k1102 

(c). anti-p21 Calbiochem cat# op68 

(d). anti-p27 Sata Cruz Biotechnology Lot: G222 

(e). anti-casoase-3 upstate cat# 05-654 

(f). anti-caspase-8 Calbiochem cat# AM46 

(g). anti-caspase-7 upstate

(h). anti-caspase-9 upstate

(i). anti-cdc25A Oncogen Lot# D19466-1 

(j). anti-cyclin E upstate

(k). anti-cdk2 upstate cat#5-596 



47

(l). anti-cyclin D3 upstate

(m). anti-cdk4 upstate cat# 06139 

(n). anti-cdk6 upstate

(o). anti-Fas upstate

(p). anti-NF- b p50 Zymed Lot: 30979746 

(q). anti-NF- b p65 Zymed Lot: 30577746 

(r). anti-bcl-2 upstate cat# 05729 

(s). anti-bax upstate

(t). anti-cytochrome c Calbiochem cat#PC323

41. 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

1. FALCON 

2. FALCON 

3. Nuaire

4. Haemocytometer Boeco 

5. phase-contrast microscope Olympus

6.  (TE-200; MILLTER) 

7. Minipore

8. Amersham

9. C831 Consort 

10. PVDF membrane Minipore
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11. Mini-3D Shaker Boeco

12. SDS-PAGE Bio-Rad 

13. Transfer Cell Blot Bio-Rad 

14. Lab-Line

15. Flow cytometry Becton Dickinson 

16. HERMLE 

17. from Beckman 

18. Olympus CH2

19. Nikon LABOPHOT-2

20. anthos 2020 Anthos Labtec, Australia 

21. DNA Mupid-2



49

gallic acid 

NCI-H460 H460

( 2.1)

gallic acid H460

gallic acid H460 

37°C 5% CO2 6 12 24 48 72

H460

gallic acid H460

gallic acidn H460

H460

gallic acid 
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NCI-H460

 gallic acid 

6 12 24 48 72

2.1 gallic acid NCI-H460

H460 ( m)

ROS DAPI staining  
Comet assay

DNA fragmentation assay 
agrose gel electrophoresis

Caspase-3 
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sigma chemical Co. 3,4,5-trihydroxybenzoic acid monohydrate 

(gallic acid) 5.6846 mg 1ml DMSO 20 mM 

stock solution stock solution 

 3,4,5-trihydroxybenzoic acid monohydrate  

C6H2(OH)3COOH 

=188.14 

188.14×103 mg/1000 ml 1000 mM 

0.18814 mg/ml 1 mM 

20 mM=3.7628 mg/ml 

2.1

M / L

             20 mM of gallic acid DMSO

0.5 mM 25 l 975 l

1 mM 50 l 950 l

2.5 mM 125 l 875 l

5 mM 250 l 750 l

10 mM 500 l 500 l
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DAPI staining and Comet assay

western blot

A. 

NCI-H460 RPMI1640 10%

1%L-glutamine 1% Penicillin Streptomycin 5% CO2 

37 incubator

B. 

NCI-H460

DMSO dimethyl sulfoxide 7

100 l

2×106×~5×106cells/ml

1 ml/

4 °C 10 min  -20 °C 30 min  -80 °C 16~18

C.

PBS phosphate buffer 

saline 1~2 3 ml trypsin 37 2
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trypsin 

1500 rpm 5 20 ml 

20 l 80 l trypan 

blue Counting chamber

trypan blue 

( ) ×20 (20 ml )×5 (trypan blue 5 )×10

E.

24

24

48 microplate well

2 ml 20 l 3 ml 30 l 100

A. 

Propidium iodine PI

PI

PI DNA A=T C G hydro bond

PI PI
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488 nm 

CellQuest

12 well plate 2×105/well

24 gallic acid 0.5 mM 1

mM 2.5 mM 5 mM 10 mM 12 24 48 72

PBS

trypsin 37 2 1

ml PBS trypsin 1500 rpm 5

1 ml PBS 1500 rpm 5

PI 350 l 350~550 l

transfer FACS

gate%

B.

Cell cycle Proopidium iodide PI

PI

: FITC annexinV

PI

Flow cytometry; FACS PI DNA 

Darzynkiewicz et al., 1992

12 well plate 2×105/well

24 gallic acid 0.5 mM, 1 mM, 

2.5mM, 5 mM, 10 mM 12 24 48 72
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PBS trypsin 

37 ºC 2 1 ml PBS 

trypsin  1500 rpm 5 

70% EtOH/PBS

70% EtOH/PBS 

-20 ºC 1500 rpm 5 

PBS 3ml 

cycle PI 350 l

30 Modfit LT 

C. Mitochondria membrane potential; m

DioC6 3,3’-Dihexyloxacarbocyanine iodide

DioC6

green-fluorescent cationic dye

mitochondrial dysfuction

Petit et al., 1990

12 well plate 2×105/well 24

5 mM gallic aicd 20 l/well 12 well 

plate 50 M 1 3 6 12 24 h

PBS

trypsin 37 2 1

ml PBS trypsin 1500 rpm 5
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1 ml PBS 1500 rpm 5

MMP m 10 l DioC6/500 l PBS DioC6

3,3’-Dihexyloxacarbocyanine iodide 500 l blank

37 ºC 30 min transfer FACS

10000 CellQuest

blank peak 100~101 control peak 101~102

M1 gated 75 peak sample MMP peak

apoptosis apoptosis

2.2 MMP 

D.

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 
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H2O2 DCF

H2O2 Royall et al., 1993

12 well plate 2×105 /well 24

5 mM gallic acid 20 l/well 12 well 

plate 50 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

ROS H2DCF-DA 1 l

H2DCF-DA /500 l PBS 500 l blank

500 l PBS 37 ºC 30 min transfer FACS

10000 CellQuest

blank peak 100~101 control peak 101~102

M1 gated 75 sample ROS peak



58

2.3 ROS 

E.

Fura-Red Fluo-3 Indo-1 Acetatoxymethyl

Ester AE Indo-1

EDTA

UV Indo-1 emission

12 well plate 2×105 /well 24

5 mM gallic acid 20 l/well 12 well 

plate 50 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 1000 l blank
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1000 l PBS 37ºC 1h 10 min 1h

PBS 2 1500 rpm 5 min 400 l PBS

transfer FACS 10000

CellQuest blank( peak) 100~101 control

peak 100~101 M1 gated 0 sample calcium 

release(peak
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2.4

F. Caspase-3 Caspase-8 Caspase-9 

PhiPhiLux-G1D1 kit caspase-3 caspase-8 caspase-9 

PhiPhiLux- G1D1 kit amino acid 

sequence caspase-3 caspase-8 caspase-9

caspase-3 caspase-8 caspase-9 Komoriya

et al., 2000

12 well plate 2×105 /well 

24 5 mM gallic acid 20 l/well 12 well 

plate 50 M 6 12 24 48 72 h

PBS

trypsin 37 2

1 ml PBS trypsin 1500 rpm 

5 1 ml PBS 1500 rpm 5
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10 M substrate Phiphilux green for caspase-3 Phiphilux

red for mitochondria 25 l 37 ºC 1 h 1 h 

1 ml PBS 1 1500 rpm 5min 500 l

PBS transfer FACS 10000

CellQuest blank peak 100~101 control

peak 101~102 M1 gated 75% sample

caspase-3 peak caspase-3 

2.5 Caspase-3

DNA

A. DAPI 4’-6-diamidine-2-phenyl indole

DAPI 4’-6-diamidine-2-phenyl indole

binding DNA minor groove

chromosomes condensation DNA DNA fragmentation

DNA DAPI 

Blank 

Control

Treatment
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NCI-H460 6 well plate well  1×104/ml

3 ml gallic aicd 0.5 mM 1 mM 2.5 

mM 5 mM 10 mM 12 24

PBS 3 3%Formaldehyde/PBS 10~15

PBS 2 0.1% TritonX-100/PBS 1 ml 15

PBS 2 DAPI 1 l/ml 300 l

37 30 PBS 3 F200 

B. Comet assay

single cell gel electrophoresis assay

comet assay DNA DNA damage

DNA damage 

DNA

DNA

NCI-H460 6 well plate well  1×106/3ml

gallic aicd 0.5 mM 1 mM 2.5 mM 5 mM

10 mM 12 24 medium

DMSO 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
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 45°  10 l

 60 l 80-10  0.5% LMA  45° 

 lysis buffer  lysis 

buffer 1 hr  alkalin buffer 20 min

 alkalin buffer  30 min 25 V 300 mA  0.4 

M Tris buffer  pH  methanol  PI  2.5 

g/ml 100

C. DNA DNA fragmentation assay

apoptosis DNA DNA

180~200 bp DNA DNA

ladder marker

base pair

10cm plate 2×106 /well well

medium 10 ml 24 5 mM 

gallic aicd 100 l/well 6 well plate 24 48

72 h ; PBS

trypsin 37 2

1 ml PBS trypsin 1500

rpm 5 1 ml PBS 1500 rpm 5

200 l PBS eppendorf 14000 rpm

1 200 l PBS or TE buffer

4 l RNase A 10 mg/ml 5 min RNA 

Proteinase K 20 l Binding solution 200 l 70 10 min

100% EtOH 200 l votex
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DNA transfer Spin column 14000 rpm

1 DNA binding spin column 

300 l Binding solution 14000 rpm 1 700 l Washing solution

14000 rpm 1 column 

solution 14000rpm 5min 3~5 min

column 100 l Elution solution Elution solution 

70ºC DNA 2

14000rpm 5min DNA solution DNA 6×

DNA loading dye 10 l DNA solution 2 l 6× DNA loading dye

loading 2% agarose 1g agarose 50ml 0.5× TBE buffer 10 l Eithidium 

bromide UV light 

Western blotting

PVDF membrane methanol

transfer buffer transfer buffer

transfer buffer

3M separation gel

SDS-PAGE gel 3M transfer

buffer SDS-PAGE gel PVDF 

membrane 3M

transfer buffer

400 mA 2

0.05% tween 20/1X PBS 10

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

tween 20/1X PBS 10 3 8 ml

blocking solution 4

0.05% tween 20/1X PBS 

10 3 8ml 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

ECL 1.5 ml 1

cassette

cassette Hyperfilm

5 1

30 30 30

mean ± SD Student’s t-test 

* p 0.05
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gallic acid NCI-H460

NCI-H460

morphology DAPI 

single cell gel electrophoresis  Comet assay

DNA damage apoptosis

NCI-H460 DNA DNA 

fragmentation m ROS products

calcium release caspase-3 caspase-8 caspase-9

Western blot 

(flow cytometry)

3.1

3.2

24 48 gallic cid 

NCI-H460 50% IC50 250 300 M

3.3

(Cell cycle)
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24 48

PI G0/G1

gallic acid 20 M G0/G1

G0/G1

(G0/G1 arrest) sub-G1

peak 3.4 3.5

Reactive oxygen species

reactive oxygen species ROS

Jung et al., 2001 ROS

Fleury et al., 2002 ROS ROS

burst mitochondrial dysfunction

ROS

ROS 250 M

1 3 6 12 24 H2DCFDA

3.6

DNA

Mitochondrial

membrane potential

Mitochondrial dysfunctions m

permeability transition cytochrome c 

apoptosis
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Xia etal., 1999 DiOC6 NCI-H460

DiOC6

250 M 1 3 6 12

24 DioC6

( 12 )

Mitochondria depolarization

3.7

m

24

Fluo-3/AM 

Fluo-3 

UV

Fluo-31 emission

250 M 1 3 6 12 24

Fluo-3/AM

3.8

Comet assay

DNA 
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single cell gel electrophoresis assay

Comet assay DNA DNA damage

DNA damage 

DNA

DNA

50 100 250 500 M NCI-H460 48

DNA 1%DMSO

5 M H2O2 100

3.9 DNA

DNA 

DAPI

DAPI 4 -6-diamidine-2-phenyl indole

binding DNA minor groove

chromosomes condensation DNA DNA fragmentation

DNA DAPI 

NCI-H460 50 100 200 300 400

M DAPI 

DAPI staining assay DNA minor groove DAPI

48

apoptotic 

body 3.10 NCI-H460

DNA fragmentation 
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Caspase-3 Caspase-8 Caspase-9 

NCI-H460

Caspase-3 Caspase-8 Caspase-9

cysteine protease family

Caspase-3 PARP poly ADP-ribose polymerase

DNA fagmentation 

PhiPhiLux-G1D1 kit OncoImmunin, Inc., Maryland, USA

casapse-3 Caspase-8 Caspase-9 250 M

NCI-H460 6~72 PhiPhiLux-G1D1 kit 

Caspase-3 Caspase-8 Caspase-9

NCI-H460 6

caspae-3 Caspase-8 Caspase-9 12

NCI-H460

caspase-3 Caspase-8 Caspase-9 

3.11 3.12 3.13

caspase

Fas Fas-L FADD (Fas-associated death 

domain) cytochrome C AIF Apaf-1

GADD153(growth arrest- and DNA damage-inducible gene 153, 

CHOP) GRP78 (glucose-regulated protein 78, BiP)
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caspase family Caspase-3 Caspase-8 Caspase-9

Bcl-2 family

(pro-apoptotic) Bax Bad (anti-apoptotic) Bcl-2

Bcl-xl GAPDH (glyceraldehyde-3-phosphate dehydrogenase)

housekeeping gene -actin internal control

250 M NCI-H460 24 

 Fas Fas-L

FADD 3.14

vcytochrome c

Apaf-1 caspase-9

250 M NCI-H460 24

cytochrome c 

Apaf-1 caspase-9

AIF 3.15

250 M NCI-H460 24

GADD-153 GRP-78

3.16

caspase family

250 M NCI-H460 24

caspase family
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caspase-3 caspase-8 caspase-9 

3.17

Bcl-2 family

250 M NCI-H460 24

Bcl-2 family

Bcl-2 Bcl-xl Bad Bax 

3.18
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polyhydroxyphenolic compound

[Sun J, 2002]

[Inoue M,1994]

[Kawada M, 2001; Salucci

M,2002] DNA [Sohi KK, 2003]

[Taraphdar AK, 2001]

Large cell carcinoma 10%

NCI-H460 NCI-H460

NCI-H460

NCI-H460

NCI-H460 3.1-3.2

NCI-H460

50 500 M galic acid 24 48

apoptosis morphology

chromatin condensation 3.3

NCI-H460

apoptosis

PI Flow cytometer FACS

NCI-H460 DNA
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24 48 DNA

24 G0/G1 phase arrest S phase G2/M 

phase G0/G1 sub-G1 peak

S phase G1 phase

cell cycle arrest

NCI-H460

DAPI 48 200 M

DAPI 3.10

cytoplasmic blebbing nuclear shrinkage

chromatin condensation irregularity in shape

[Cohen, 1993]

Comet assay

DNA apoptosis

50 M NCI-H460 48 DNA damage

NCI-H460

DAPI staining

NCI-H460 apoptosis

Mitochondrial dysfunction m

permeability transition cytochrome c

apoptosis Xia et al., 1999

NCI-H460

mitochondria membrane 

potential m 24 3.7
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NCI-H460

reactive oxygen species ROS

Xia et al., 1999; Kluck et al., 1997 ROS

ROS Jung et al., 2001; Fleury et al., 

2000 ROS ROS burst DNA

ROS

ROS m

ROS

ROS Lin

ROS ROS

cytochrome c

ROS cytochrome c

apoptosis

 Mitochondrial 

membranes potential m Fluo-3/AM

calcium probe NCI-H460

12

3.8 m 24

DNA damage comet assay

calcium

cytochrome c

     Caspase-3 cysteine protease family 
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Caspase-3 PARP poly ADP-ribose polymerase

ICAD kinase  Inhibitor of CAD kinase ICAD

CAD caspase-activated Dnase DNA fagmentation 

(NCI-H460) caspase-3 caspase-3 6

Li ellagic acid T24 Ellagic acid 

caspase-3 Li et al.,2005

Mitochondrial-initiated 

pathways Cell surface death receptor pathway

Li et al., 2005 NCI-H460

pro-apoptoic protein—bax Anti-apoptoic 

protein—bcl-2 p53

bax Miyashita and Reed, 1995

bax bcl-2 cytochrome c 

cytochrome c Apaf-1 apoptotic protease activing factor-1

caspase-9 Cytochrome c  caspase-9

caspase-3 NCI-H460

apoptois

NCI-H460

CD95/Fas caspase-8

Ca Ski Ca Ski 

Fas 3-14

Fas TNFR1 TRAIL 

Fas-associated death domain FADD pro-caspase-8 
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DISC death-inducing signaling complex caspase-8

caspase-3caspase-6 caspase-7 caspase-8 Bid 

tBid 

Budihardjo et al., 1999

NCI-H460

NCI-H460 p53 p21

NCI-H460 G0/G1

cytochrome c 

Fas 

caspase-8 Bid tBid

NCI-H460

caspase-8 caspase-3 caspase

lamins DNA

180-200bp
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NCI-H460

NCI-H460 G0/G1

Fas

NCI-H460 12

cytochrome c

DNA p53 G0/G1

Fas

pro-caspase-8 caspase-3

3.19

NCI-H460
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3.1 gallic acid NCI-H460 24

24

mean±SD n=3 ( * p< 

0.05 ** p< 0.01) 

3.2 gallic acid NCI-H460 48
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3.10 NCI-H460
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