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-ABSTRACTI

Epigallocatechin3-gallate and tolfenamic acid induces apoptosis and
growth inhibition in head and neck cancer : Involvement ofNSAID

activated genel

With over 500,00@ases worldwide and a high mortality ratead and neck
squamous cell carcinoma (HNSCC) is the sixitst common cancer in mefhe 5
year overall survivalate for patients with advancétNSCC is around 30%, which

is essentially unchanged from ttae ecorded two decades ago in spite of various
treatment trialsTherefore, preventive strategies are desirable, and much regearch
currently devoted to chemoprevention that aims to pred®&8CC progression at an
ealy stage. However, which chemeventiveagents are the safest and most
effective against HNSC@mains unclear. It is of clinical importance to investigate
the efficacy ofantiroxidant anchonsteroidal antinflammatory drugs (NSAIDs) as
chemopreventive agents.

At present, thehemopreventivegents thahave been most widely investigated as
chemopreventive agents &d&AIDs and antioxidantsEpigallocatechir8-gallate
(EGCG),amajor polyphenolic constituent of green tea, possesses remarkable
chemopreventive and therapeutic potential agaimgustypes ofcanceyincluding
HNSCC.

In addition toNSAIDs have been clically used as chemopreventizgents for
familial adenomatous polyposis, with the mode of achieimg the inhibition b
cyclooxygenase (COX-2). However,chemopreventive anchdtumorigenic
activities of NSAIDs havalso been observed in CEdeficient cells, indicating
thatNSAIDs also exert their anticancer effect through a mechaotiker than COX

2 suppression. One such mechanism involveathgction of NRID -activated



genel (NAG-1). Nonsteroidal antinflammatory drugactivated gend (NAG-1), a
TGFb s uper f aisisHown topbénduted byseveral anttumorigenic
compoundsand toexhibit pro-apoptotic and antumorigenic activities.

In this study NAG-1 induction duringolfenamic acicor EGCG induced apoptosis
was evaluated to determine if they were involved in their@anicer activity on
HNSCC. Both of the compoundeducedHNSCCviability and induced apoptosis

a dosedependent manner. Theluced apoptosis was coincidevith the expression
of NAG-1. Overexpression of NAG entanced the apoptotic effect BIGCG and
tolfenamic acigdwhereas suppression of NAl&xpression by sail interfering RNA
attenuatedpoptosisAlso we identified hat p3 is required for EGCGmediated
activation of NAGL1 by reporter assays using the luciferase constructs contahmeng
NAG-1 promoter Subsequently, we found that ataxia telangiectasia mutated (ATM)
plays an important role in activatingpnese preapoptoticproteins (NAG1 and p53)
andcell cycle inhibitor (p21)

Furthermorethe antitumor effects &GCGandtolfenamic acidvas observed in
tumorbearingxenograftandsyngeneic mouse modethichis accompanied with
induction of apoptotic cells and NAG expession in tumor tissue samples.

The results of this studgvealedor the first time that EGC@ndtolfenamic acid
induces apoptosis VIMAG-1 expression in HNSCC. Especially we identified that
EGCG induced NA@EL expression is dependent with ATM/p33ese results

presentan adlitional mecharsmfor antitumor effects of EGCG andlfenamic acid

Key Words: EGCG, Tolfenamic acidNAG-1, p53, head and neck cancer, apoptosis
ATM
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<PART ONE>

INTRODUCTION

Head and neck squamous cel | camnoncanoeo ma ( HNS
worldwide, accounting for over 35,00@w casegach year in the United Statgemal et al.,
2009)

Although some patients achieve letggm survivalparticularlythose diagnosedvith early

stage diseasepostpatientswith this type of cancer have advanced disease at the time of
diagnosis. These patients run the risk of recurrent disease, distagtases or second

primary tumors and have a median survival of ofil§ honthgSpitz, 1994; Sturgis et al.,

2004) Over the last 20 years, diagnosis and management have improved through combined
efforts in surgery, radiotherapy and chemotherapy.

However, longterm survival rates have improved only giaally, and the overall-year
survival rate for patients with advanced HNSCC is still among the lowest of the major
cancers. Therefor@reventive strategies are desirable; much research is currently
devoted to chemoprevention in order to prevent HNS@Qrpssiorat an early stage.

Green tea contains more catechins than any other type of tehicbfepigallocatechi3-
gallate (EGCG) is most abundant and whose biological activity is most studied. Potential
mechanisms of catechins have been suggestadltmle antioxidative activitySurh, 1999;

YJ, 2004) inhibition of enzymes related to tumor promotion suchyasooxygenase (COX)
and lipoxygenaséatiyar and Mukhtarl1997) inhibition of activator proteii (Dong et al.,
1997) inhibition of angiogenesi&ao and Cao, 1999; Sukhthankar et al., 20@8jbition

of vascularendothelial growth factor receptor phosphorylatioamy et al., 2002)
inhibition of HGF/cMet (Koh et al., 2011; Lim et al., 200&ctivation of p53 tumor
suppressor proteifHofmann and Sonenshein, 20@8)dinhibition of telomerase activity
(Naasani et al., 2003J hese multiple activities make them promising candidates for the
treatment and prevention of various types of cancer.

Nonsteroidalarti n pa mmat or y -attivategl gehdN(EIAGHLID) was i dent i
from an indanethacin (a COX inhibitorinduced gene librar{Baek et al., 2001 NAG-1 is

amember of transforming growth factor b sup



inhibitory cytokinel1, growth differentiation factor 15 or prostaterived facto(Bootaov et
al., 1997; Lawton et al., 1997; Paralkar et al., 1988hough the precise biological

functionsof NAGL ar e not yet well under st ood, i ts

or tumorigenesis has been suggeg¢kdn et al., 2008) NAG-1 transgenic mice exhibit
antitumorigenic activity in don and lung cancer animal modéBekanova M, 2009;
Sukhthankar et al., 2008) However , there ar elexressipnicti ng
prostate cancdiczkowski and Pantazis, 2003; Thomas et al., 2001)

In addition to NSAIDS, several polyphenol and antitumorigenic compgewith
chemopreventive activities, including resveratrol, genistein, catechins and peroxisome
proliferatoractivated receptes | i ga n d s, -1 exgrepsidn & & rostiighaddin
independent mannéBaek et al., 2004; Baek et al., 2004; Baek et al., 2002; Bak 2002
Wilson et al., 2003)

While some of these compounds induce NA@xpession via the p53 tumor suppressor
protein, others induce NAG in a p53independent mannéBaek et al., 2002Vilson et al.,
2003; Zhong et al., 2010)

Ataxia-telangiectasia mutadg ATM) is a member of the phpBoinositide3-kinaselike
family of serine/threonine protein kinagggurz and LeedMiller, 2004; Shiloh, 2003)ATM
plays a central role in the cellular response to DNA damage and participates in numerous
cellular events, including DNA

damage recognition and processing, regulation of three cell cycle checkpoints (G, intra
and G2/M) and apoptos{&urz and LeesMiller, 2004; Shiloh, 2008 It is well established
that numerous anticancer drugs induce the nuclear accumulation of p53 that is correlated
directly with the DNA damaging capacity of the di{gitsche et al., 1993Recently, the
combination of EGCG and luteolin, a natural antioxidant, was reported to induce p53
accumulation in an ATMlependent mann¢éAmin et al., 201Q)

In this study, we examined the regulation of NA@xpression by EGCG in HNSCC
cells and found that EGG{Raduced NAG1 expression occurs at the transcriptional level and
is regulated by ATMand p53. In addition, NAA small interfering RNA (siRNAmediatel
inhibition of NAG-1 expression attenuated EG@@luced apoptosis. Finally, the
antitumorigenic activity of EGCG was investigated in vivo to evaluate the use of EGCG as a

chemopreventive agent in HNSCC. Our results suggest that the induction el N#s®

r



provide a novel mechanism for understanding the downstream effectors for-BEG@Bd
apoptosis in HNSCC.



. MATERIALS AND METHODS

A. Celllines and reagents

Established human head and neck cancer cell (KiBsFaDy SNU-899 SNU-1086 and
murine cell line SCC VII/SF wenased in this study. FaDu wasrchasd from American
Type Culture Collection (Manassas, VA) afB, SNU-899, SNU1086 and SCC VII/SF
were obtained frorKorean Cell Line Bank (Seoul, Korea). The cells were grown in
Dulbecco's modified Eagle's medium with 10% fetal bovine serum and peinicillin
streptomycin 100 U/ml (GIBCO, Paisley, PA) at 37°C in a humidified atmosphere with 5%
C0O,/95% air.All Catechinsincluding EGCG epicatechi(EC), epigallocatechi(EGC) and
epicatechingalla{f&CG) (SigmaAldrich,St. Louis, MO)weredissolvedn autoclaved water.

As stock solution foin vitro studies.

B. Cell proliferation assay

Cell viability wastested using théTT 3-(4,5dimethylthiazol2-yl)- 2,5-diphenyt
tetrazolium bromide assay (Sigma Aldrich). MEolutionwas added to 49 of cell
suspension for 4 h. After three washes with phosphate buffered saline (PBS, pH 7.4), the
insoluble formazan product was dissolved.00n of DMSO. Optical densityOD) was
measuredor each culture wellysing a microplate reader (Bikek, Winooski, VT) at 540

nm. The OD of control cells were taken as 100% viability.

C. Terminal deoxynucleotidyltransferasemediated dUTPbiotin nick end labeling (

TUNEL ) assay

DNA fragmentation was analyzedth thein situcell death detection kit (Roche Molecular
Biochemicals, Basel, Switzerlanaccording to the instructions of the manufactuderder

the light microscope, digital images of apoptotic cells were randomly selected.



D. Flow cytometric detection of apoptotic cells

Apoptosis was detected using the AnnexirNF'C apoptosis detection kiBD Biosciences,
Bedford, MA).Briefly, cells wereplated in 6well culture dishes and incubated with 0, 10
and 30eM of EGCG for 24h.The cells were harvested, washed with PBS, and stained with
Annexin V-FITC and propidium iodide(PI). The early and late apoptosis were quantified
according to the manufaceir 6 s i nstructions. Apoptosis wa:
system(BD Biosciences, Bedford, M)Awith the excitation and emission settings of 488 and

530 nm, respectively.

E. Transfection of NAG-1 cDNA and siRNA

All transfection experiments were performed using Lipofectamine 2000 reagent (Invitrogen
Corporation, Carlsbad, CA) as described previo(Biek et al., 2001bjAfter incubation
for 24 h, the medium was removed and the cells were washed with PBS and treated with
eitherEGCG or vehicle for 24 WAG-1cDNAwas previously describgiaek et al., 2001b)
siRNA for control, NAG1(senseCUCAGUUGUCCUGCCCUGUdTT and antisense
ACAGGGCAGGACAACUGAGTAT)ATM, p53werepurchased fronhnvitrogen.

F. Reverase TranscriptasePolymerase Chain Reaction ( RIPCR)

NAG-1 mRNA expression was determined by-RTR. Total cellular RNA was extracted
from cells using the TRIzol reagent (Life Technologies). cDNA was synthesized fegm 2
of total RNA, using MMLYV reverse transcriptase (Gib&RL, Gaithersburg, MD). The
cDNAs for NAG-1 and actin were amplified by PCR with specific primers. The sequences of
the sense and argense primer for NAEQ were GTG CTC ATT CAA AAG ACC GAC
ACCG3 6 a-ATA CAOAGT TCC ATC AGA CCA GCC CE3 sactin were &
GAC CTG ACT GAC TAC CTC AT-36and % TCG TCATAC TCC TGC TTG CT34
respectively. PCR products were analyzed by agarose gel electrophoresis and visualized by

ethidium bromide.



G. Westernblot analysis

Cells were washed with cold PBS dgdedin RIPA buffer SigmaAldrich, St. Louis, MQ
supplemented with PhosSTOP and Complete Mini EBFfée (Roche Molecular
Biochemiocals, Germany).Cell lysates were electrotransferred to Immeabitembranes
(Millipore Corporation, Bedford, MA). Detection of specific proteins was carried out with an
ECL Western blottingk i t accordi ng t o t h eAntinadiesudr BARP,ur er ¢
a-tubulin, pp53 Ser392, 37, 15, 6), p53, p21-ATM and HSKO0 were purchased from Cell
SignalingTechnology (Danvers, MANAG-1 human antibody was purchased fropstate
biotechnology (Lake placid, NY) arddouse NAG lantibodywas previously reported
(lguchi et al., 2009)

H. Luciferase reporter assy

The luciferase constructs containing the NA@romoter were previously reportéshek
et al., 2001a)Cells were plated in t@ell plates at the concentration o110 cells/well.
After 18 h of growth, plasmid mixtures containing &gbof promoter linked to luciferase,
0.1eg of pGL3,pNAG1086/+41, pNAG474/+4pNAG133#41,andpNAG133/+70
vector, and # of Lipofectamine 2000 reagent were transfected for 24 h. The transfected
cells were cultured in the absence or presence eMBEGCG for 24 h. The cells were
harvestedindl X luciferase activity was normalized to theGalactosidase Enzyme Assay
System with Reporter Lysis Buffer (Promega). Luminiscence was measured using Victor
1420 multilabel counter (Perkiglmer Life Sciencesand expressed as fold induction over
EGCG treatment.

I. Caspase3 activity assay

TheAssay Kit(SigmaAldrich, St. Louis, MQ was used to detect caspase activity. In brief,
cells were cultured in 60 mm dishes and transfection of NASBNA, followed by treaed
with 10 or 30eM of EGCG Assays were performed in 96 well microtiter plates by
incubating Srg of cell lysates in 20@ of reaction buffer containing the casp#&ssubstrate

(Ac-DEVD-AMC). Lysateswere incubatedtroom temperature for 1 h and thexcitation



and emission wavehgths were measured at 360 nm and 460 nm, respectigetgVictor
1420 multilabel counter (Perkiilmer Life Sciences

J. Animal study

Thirty 6-weekold female C3H/HeJ syngeneic mice from Samtaco (Osan, Kevemhing
around 20 gwere usefKoh et al., 2011; O'Malley et al., 1997; Zou et al., 2088r
transportation, the animals were maintained in the central animal laboratory for at least 1
week.Under pathogesffree conditions5x 10 SCC VII/SF cells were inoculated
subcutaneously into the flank of syngeneic C3H/HeJmicrandomly divided into three
equal groups (ten mice per grouphe day after cell implantatiormgatment was started via
intraperitoneal injection ofitherEGCG25 or 50 mg/kéday (treatment groups) an equal
volume ofsaline alone (control group). Tumor size was measured with cailipsve
perpendicular diametersyery second day. The tumor volume was calculated by the formula,
V=( "/ 6) 1), whefeWis tie large diameter and W is the smaller diamg@érdielloet
al., 1999) Twenty twodays after implantationnémals were euthanized and tumors were
collected and weiged. Half of the tissue was snfipzen in liquid nitrogen and used for
protein extraction; the other half was fixed overnight in neutral buffered formalin and
processed by routine methods. Western blotting of NA@as performed obothtumor
specimens ahnormal soft tissue samples of C3H/HeJ syngeneic mige.study was
approved by the Committee for Ethics in Animal Experiments of the Ajou University School

of Medicine.

K. Statistical analysis

Where data was derived from 3 independent experiments, theeiers were expressed as
meant SD. Comparison of the means of different groups was made usinvgagrenalysis
of varianc ANOVA). The StuderNewmanKeuls test was used for pailise comparisons
of results found to be significant by repeated meashi€3VA. Statistical significance was
setat p<0.05.



1. RESULTS

A. Effects of EGCG and other catechins on growth and apoptosis of HNSCC cells

To investigate the effects of green tea catechins on the growth of HNSCC cell lines,
HNSCC cell lines were incubatéor 24 h with varying concentrations (0, 5, 10, 20, 40, 80
and 100 150, 20@M) of catechins (EGCG, EC, EGC, and ECG) and cell viability was
measured by the MTT assay. As shown in Fig.1,akB SCC7cellsveresignificantly
reduced at relatively high doseBGCG, whereas Fau cells were sensitive to EGCG at
lower doses (Fig. 1A). In contrast, SNU899 cells did not respond to EGCG. Additionally,
only ECG affected cell growth at higher doge&B cells (Fig. 1B). Subsequentlye
performed the TUNEL assay see whether EGCG induced apoptosshown in Fig. 1C,
EGCG increased TUNEpositive cells in a dosdependent manner in both KB and FaDu
cells. Annexin WFITC-positive cells weralso increased by EGCG treatment in KB and
FaDu cells (Fig. 1D). Thegesults are consistent with previous reports, demonstrating that
EGCG inhibitscell growth and induces apoptosis in oral cavity cancer etk et al.; Lim
et al., 2008)
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Fig 1. Effect of different green tea compound on proliferation and apoptosis in various head
and neck cancer cell lines. (A and B) Cell proliferation assay. Cells were platedviel|96

tissue culture plates at 1000 cells/well in a final volume ofel@® medium and were

allowed to attach for 2 days. The cells were then treated once with vargieg ofogreen tea
compounds foR4 h. Cell proliferation was estimated by thd Massay. ®lues represent the
mean + S.D. from five independent experiments. * P < 0.05; ** P < 0.01, compared with the
control group. (A) Head and neck cancer cell lines were treated with EGCG. (B)
Cytotoxicity of green tea compounds (ECG, EGC, EC) on KB and Faial ¢C) Apoptosis

in KB cellswas determined by the TUNEL method using the in situ cell detection kit. Cells
were treated with indicated concentrations of EGCG for 24 h. Left, DAPI; middle, TUNEL;
right, merge.

(D) EGCGtreated cells were collected astghined with Annexin\FITC/propidium iodide

for apoptosis and analyzed using FACS. Bar =



B. EGCG induces NAG1 expression in a timeand dosedependent manner in
HNSCC cells

To explore the relationship between the EGii@uced apoptosis and NAGexpression,
HNSCC cells were treated with various concentrations of EGCG and mRNA and protein
levels of NAG1 were measured by RFCR and Western blainalysis As shown in Fig. 2A,
EGCG induced expression of NAGMRNA inbothKB and FaDu cells. EGC@&Ilso
induced expression ®fAG-1 protein in a time and dogkependent manner (Fig. 2B1d2C).
Whencells weretreated with 3&M of EGCG for various times, thedaction ofNAG1
protein was seen after 4h in KB cells andi@ RaDu cells (Fig. 2C)The same membrane
was stripped and fgrobed for cleaved PARP and cleaved casf3asehich werealso
induced by EGCG (Fig. 2B and Q)verall, these results suggest tB&8CGinduced
apoptotic cell death and cell growth arrest in HNSCC cell lines is probably mediated by the
expression of the prapoptotic protein NAGL.
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C. Overexpression of NAG1 promotes EGCGinduced apoptosis

In MTT assay, it has been proven that FaDu cells are more sensité&CG compared to
KB cells. However, KB cells were selected for our following experiment due to lack of p53,
NAG-1 regulator, in FaDgells. Next, we attempted to clarify the significance of NAGIp
regulation in EGC@nduced poptosisFirst, we trangdctedhuman NAG1 cDNA into KB
cells. As shown in Fig. 3Aand 3B, NAGoverexpression caused increased caspase
cleavage and activity, and treatment of KB/NAGvith 30eM EGCG furtherenhanced both
cleaved caspas&and cleaved PARP, compared to EGttéted control cellsin parallel to
caspas8 activity, KB/NAG-1 cellsmarkedly increasetypical morphological features of
apoptosis, including\nnexin \-positiveand TUNEL-positive cell staininggompared to

control cells This effect was further increasbg EGCG treatment (Fig. 3C and3D).
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Fig 3.Effect of enhanced expressiom\AG-1 on EGCGinduced apoptosis in KBells.

KB/INAG-1 and KB/ vector cells were treated wit!
analyzed as TUNL andFACS with annexinWFITC/propidium iodide. (A) Western Blot.

Equal amounts of cell lysates (30g) wer e r e-BAGE,wransferrbdyto S D S
nitrocellulose membrane, and probed with-&®WG-1, PARP, cleaved caspa3geand

a-tubulin. (B)Caspas8 acti vity assay. KB cells were t
followed by transfectionof NA@G ¢ DNA. Assays were perfor med
cell lysates irR0Celof reaction buffer containing the caspa&ssubstrate (AOEVD-AMC).

(C and D)Apoptosis in KB cells was detgined by the TUNEL method arkACS with
annexinVFITC/propidium iodideas described in Fig. 1. Data are mean values obtained

fromthreee ndependent experiments and bars repre



D. Suppression of NAG1 expression by siRNA desensitizes EGCG responses.

We then examined whether suppression of NA&pression could modulate EGEG
induced apoptosi¥B cells transfected with either NAG siRNA or control siRNA were
treated with or without 36M EGCG for 24 h. Immunoblot analysis demonstrated that
transfection of SiRNA against NAG suppressed expression of NAGcleaved caspas®
and cleaved PARIP the presence of EGCG, compared to control transfected cells (Fig. 4A).
Under these conditions, caspasactivity, Annexin V-positiveand TUNEL-positive cells by
EGCG were significantly attenuated in cells transfected with NASIRNA (Fig. 4C and D).
Taken together, these results suggest that NA@ays a role in apoptosis and inhibition of
NAG-1 in KB cells affect EGC8nduced apoptosis. Moreover, these results suggest that
EGCGinduced NAG1 upregulation may be one of the underlying mechanisms that
cortribute to EGCGnduced apoptosis.
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Fig 4. Effect of suppression of NAG expression on EGG{aduced apoptosis in KB cells.

KB cells transfected with either the indicated NAGIRNA or negative control SIRNA were

treated withowi t hout 30 &M EGCG for 24 h. Apoptosi
FACS with anexinV-FITC/propidium iodide. (A) Western Blot. Equal amounts of cell

lysates (30g) were resolved by SDBAGE, transferred to nitrocellulose membrane, and

probed withanti NAG-1, PARP, cleaved caspa8ganda-tubulin. (B) Caspas8 activity

assay. KBcellsver e treated with 30 e€g of HSRNG foll
Caspas® activity was measured as described in Fig. 3. (C and D) Apoptosis in KB cells

was determinetly the TUNEL method and FACS with AnnexisfTC/propidium iodide,

as described in Fig. 1. Data are mean values obtained from three independent experiments

andbar s represent standard deviations. Scal e



E. EGCG induces NAG1 expression through ATM-dependent p53 protein

Previous studies report that NAGexpression was regulated by the tumor suppressor
protein p53 at the transcriptional level by chemoprevemohgphenolic agents, including
genistein and resveratr@aek et al., 2002a; Wilson et al., 200Bhus, we first examined
whether EGCG treatment affects the expression or activity of p53. In KB cells treated with
various concemnations ofEGCG,ATM, p21and phosphorylatiorp{p53 Se6, 15, 37, and
392 levels of p53 were measured by Western blot analysis. As shown in Fig. 5A, EGCG
treatment resulted in an increasei, p-ATM and pp53 Serl5, 37but not in the total
protein levels of p53.In addition, when we treated KB cells witreB0 EGCGat various
time intervals, the p53 Serl5gradually increasgdm 2hthrough24 h after EGCG
treatmentThese results confirm that p53 activation is prior to NA@xpression

To furtherdetermine whether p53 is required for EG@@uced NAG1 upregulation, we
compared the effect of EGCG on NAGexpression using p53 siRNA. EGGluced up
regulation of NAGlwasnot significant in p53 siRNAransfected KB cells compared to
negative contriosiRNA-transfected KB celld=urthermore,liep53 siRNAtransfected KB
cellssignificantly suppressed expression of cleaved caspésig. 5B). We next
investigatedupstream mechanism of p53 phosphorylatBecause ATM phosphorylates
p53 at theSer5 pasition, we next examined the involvement of ATM in the phosphorylation
of p53 by using the specific ATM siRNA. Blocking of ATBY siRNA, strongly inhibited
the expression of-p53 p2landNAGL in the presence of EGCGhese results suggest that
the presene of ATM-dependenp53 is critical for EGC@nduced NAG1 upregulation(Fig.
5B). Annexin V-positiveand TUNEL-positive cells induced by EGCG were significantly
attenuated in p53 siRN&ansfected KB cells, when compared witintrol sSiRNA:
transfected ced(Fig. 5C D).

Next, to investigate whether NAG expression is dependent on p53, NA@romoter
activity was examined. Transient transfection was performed in KB cells using four different
NAG-1 promoter constructs and cells were treated with either leetic@0uM EGCG.As
shown inFig.5E, 30 eM of EGCGtreatment resulted in thdghest activityof NAG-1
promoter activity in133/+7&onstructs tested, implying that the responsible cognate site by

EGCGis located between the +4d +70regions, where p53 binding site is locat&d.


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2847092/figure/fig2/

further determine whether p53 is involved in EG@&@uced NAG1 expression, we

performed the luciferasessay after EGCG treatment in p53 siRitAnsfected KB cells

with pNAG133+70 or with pNAG133/+41 construct. As seen in Fig. 5F, in lsotistructs,
treatment of the p53 siRN&ansfected cells with EGCG resulted in no change in luciferase
activity. These es ul t s ¢ o n-induced NAGAH exprd&ss®E i§p53 dependent and
occurs at the transcripti onanduced®AaGll . These

expression is p58ependent and occurs at the transcriptional level
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(F) p53siRNA transfecteKB cells were transfected with NAG promote
plasmids(NAG133/+4andpNAG133/+70). NAGL promoter plasmids were transfected,
and treated with or without 3@M of EGCG for 24h. The cells were lysed and luciferase

activity measured. Data represent the me&D of at least three independent experiments.



F. Effect of EGCG on tumorigenicity and apoptosis in syngeneic mouse model

To determine whether these results could be transiatado, we used the
immunocompetent syngeneic mousedel (C3H/HeJ mice, SCC VII/SF céhe) and
randomly divided the mice into three equal groups (control, 25 mg/kg amg)x@ EGCG)
after injection of SCC VII/SF cells. All mice survived throughout the experimental
period. Administration of EGCG signifantly affected tumor growth versus controls, and the
observed differences in tumor development were also significant in the 50 mg/kg EGCG
group compared to the 25 mg/kg EGCG graqug 0.05; Fig. 6AandB). However, there
was no significant difference beten the three groups in body weighissue TUNEL
staining revealed that, as the dose of EGCG increased from 25 to 50mg/kg, the number of
TUNEL-positive cells significantly increased in a datspendent mannep € 0.05Fig. 6C).
To investigate the levef NAG-1 and pp53(Serl5)in the tumors, Wstern blotting for
NAG-1 andp-p53expression was performed on tumor specimeris3bt/HeJsyngeneic
mice. We observed a strong induction of NA@ndp-p53 expression in proteins that were
extracted from tumors in EGGteated mice compared to control mice(Fig. 8Dys, the
data suggest that EGCG increases the expression of Ne&@p-p53in tumors and the
induced NAG1 andp-p53suppresses the size of tars.
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Fig 6. Effect of EGCG on antitumor effect and in vivo expression of NAG syngeneic
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intraperitoneal injection of either EGCG (25 or 50 mg/kg/day (treatment gjrou@n equal

volume of saline alone (control group). 22 days after implantation, animals were killed and
tumors were collected and weighed. (B) Graph of the volume and weight of tumors. (C)

Ti ssue TUNEL staining in tlandwpSIexpreSsorih e bar =
implanted SCC7 tumors. Each ratio measures indicate relative values of protein normalized
under alphaubulin compared to control.



V.  DISCUSSION

Possible advantages of natural dietary supplements such as cancer prevention and therapy
have motivated specialists to study these agents in clinical@aék et al., 2002Seo and
Kim, 2011; Wilson et al., 2003)t is necessary for chemopreventivgeats to be safe, orally
active, effective at low doses, economical, and easily availabthis point, EGCG has
become an ideal dietary phytochemical with high safety margins. The phase | clinical
trial proceeded by Pisters et @Pisters et al., 200&)iggested tha&.0g/nf of EGCG was
safe for patients with solid tumoamdanotherresearch studiesliggested that EGCG is safe
even at 2000 mg twice a day in patients with lymphocytic leukégtianafelt et al.,
2009)Furthermorephase Il trial of green tea extract in patients with oral premalignant
lesiors supported the above safety profile of EGO®&ao et al., 2009} seems that multiple
mechanisms are involved in EGCG activity of dathorigenesis, including tyrosine kinase
inhibition and blocking of cell proliferatiofKhan et al., 2006; Lim et al., 2008}he major
activities of EGCG include inhibition of numerous signaling pathways and protein kinases
(AP-1, p44/p42 MAPK , EGIR, PDGFR, and FGFR), inhibition of cell proliferation,
inhibition of invasion, induction of apoptosis, modidatof cell cycle regulation,
interference with receptor binding and suppression of invasiveness and angiogkatesit
al., 2008; Lambert and Yang, 2003; Le Bacquer et al., 2007; Yang et al., 2002)

To the best of our knowledge, no previduwitro or in vivo study has been studied in
detail in HNSCC, particularly in describing tliekage between NA&A and EGCGBased
on the previous repor{8aek et al., 2002the mechanism of NA@ regulation depnds on
cell type and mode of induction; therefore, further study on the regulation of NG
EGCG in HNSCC is necessaiwy. the present study, we demonstrated that EGCG is an
effective inducer of apoptosis and that NAGup-regulationis mediated by th&anscription
factor p53 activation at the transcriptional level.

It has been reported that NAGexpression was enhanced in ajiBependent manner
(Baek et al., 2001bHowever, as reported here, EGCG induces NIA€pression in p53
dependent manner in HNSCC. As shown in Figs. 2 and 5, EGCG induces p53

phosphorylation prior to the NAG expression. According to the previous repOhigarwal



et al., 2006; Li PX, 2000; Tan et al., 2008AG-1contains two p53 binding sites in the
promoter regionThe pNAG1086/+41 clone contained a p53ite, whereas
thepNAG133/+70 clone contained the g83ite. The pNAG133/+41 clone contained no
p53 binding sites (Fig. 5D). As shown in Fig. 5D, The constructs containing thB pb&
(pNAG133/ +70) yénhadcedslucifpnase potivityrconmipared with the constructs
lacking two p53 binding sites or having only one p53 site{@h3uggesting that the p&3

site has a more critical role for EG@@luced NAGL1 expression. Indeed, NAGis the

most notable pS&duced gene, as determined in a recent investigation cBiNg array
technology(Robles Al, 2001)Our present data indicate that theffects are mediated by
p53, and NAGL is a critical downstream protein. Although p53 has been well documented
as a tumosuppressor, the p53 targebtein has not been studied in detdfle also have
demonstrated that ATMependent p53 activation is the initiator of NAGnduction and is
required for apoptosis induction by EGCG in cells expressingtyjid p53. Amin et

al.(Amin et al., 2010)eported that ATMdependent Ser15 phosphorylation of p53 due to
DNA doublestrand breaks by combinationlofut e ol i n and EGThWS f or
combination also increased the expression of proapoj@akcwhich is dependent on p53
(by translocating p53 itself to mitochondria). Hence, they showed ablation of p53 using
shRNA strongly inhibited apoptosis as evidenced by decreasedAldB-ribose)

polymerase and caspa3e&leavagéBerger et al., 2001; Bertram et al., 20083cording to

the result of MTT assay, it has been proven that Fedlls are more sensitive to EGCG
compared to KB cells. However, we chose KB cells for following experiment due to lack of
p53, NAG1 regulator, in FaDgells. We assumed that EGCiBduced ell death in FaDu

cells is caused by pS5Bdependent NAEGL expression, becaustany researchers have
reported that a natural product affects viajrixBependent pathwaylang et al., 2006; Lee et
al., 2005) When we overexpressed theNAGorotein in FaDu cells, we did not detect an
increase in cleaved casp#adand cleaved PARP, and there was no increase in celllogath
EGCG in NAG1-transfected FaDu celtsompared with mockransfected cells. Therefore,

we thought that NAGL expression induced by EGCG in FaDu cells might represent just a
result of cell death via p5Bdependent pathway, but did not mean that NAGbuld be a

key regulator of cell death by@&_G in FaDu cells.

t



V. CONCLUSION

In this study, we demonstrated that NAGs a key regulator for EGC{&duced apoptosis.
NAG-1 was induced by EGCG in a dedependent manner (Fig. 2), and knockdown of
NAG-1 by siRNA attenuated the EGG&duced apopsis (Fg. 4), which was assatted
with an ATM-dependent p53 signaling pathway (Fig. 5).Moreover, overexpression of NAG
1 enhanced the apoptotic effect of EGCG (Fig. 3), suggesting thatIN&pression is
closely associated with apoptosis. Finally, our resulggest that EGCcreases the
expression of NAGL and pp53 in tumors and the induced NAGand pp53 suppresses the
size of tumors in vivo (Fig. 6). The linkage between NA@duction and ATM
dependentp53 as EGCG target genes tedda this study prades a ne molecular

mechanism that may contribute to the antitumorigenic activities of EGCG



<PART TWO>

INTRODUCTION

With over 500,000 cases wowitle and a high mortality ratbead and neck squamous cell
carcinoma (HNSCC) is the sixthost commortancer in men. Even with improved
treatments, theverall survival rate has been under 50% for the past 30 (f&iegel et al.,
2011)

Although some patients achieve letegm survival, particularlghose diagnosed with early
stage disease, most patients with thjse of cancer have advanced disease at the time of
diagnosis.

These patients run a risk of recurrent disease, distant metastasaspond primary tumors,
and have a median survival of only&nonths(Spitz, 1994)

The 5year overall survival rate for patients with advane®SCC is around 30%, which
is essentially unchanged from thae recorded two decadeagoan spite of various treatment
trials.

Therefore, preventive strategies are desirable, and much reiseanctently devoted to
chemoprevention that aims to prevelNSCC progression at an early stage. However,
which chemepreventive agents are the safand most effective against HNSCC

remains unclear. It is of clinical importance to investigateeffieacy of nonsteroidal anti
inflammatory drugs (NSAIDs) ashemopreventive agents.

Chemopreventive agents play an important role in interruphiegaraogenic process and
inhibiting the recurrence gfrecancerous lesions. At present, the pharmaceutical agents that

have been most widely investigated as chemopreventive agehSAlBs. NSAIDs have
been clinically used as chemopreventgents fofamilial adenomatous polyposis, with the
mode of actiorbeing the inhibition of cyclooxygena@e(COX-2) (Half and Arber, 2006;
Reddy et al., 2000However,chemopreventive and antitumorigenic activities of NSAIDs
havealso been observed in Cedeficientcells, indicating thaNSAIDs also exert their
anticancer effect through a mechanistiner than COX2 suppression. One such mechanism
involves theinduction of NSAIDactivated gend (NAG-1) (Baek et al., 2001



NAG-1 was identified from indomethacin (a COX inhibitiamfuced gene librar{Baek et
al., 20@). NAG-1 is a member of the transformiggowth factorbeta (TGFb) superfamily
and is also known asacrophage inhibitory cytokirk (MIC-1), growth differentiation
factor 15 (GDF15), and prostate derived factor (P{®®ptcov et al., 1997; Lawton et al.,
1997; Paralar et al., 1998)

Purified recombinant NAQ. is able to inhibit lipopolysaccharideduced tumor necrosis
factoralpha (TNFa) production inmacrophages, suggesting that NAg&ts as an autocrine

regulatory molecul@Fairlie et al, 1999) In vitro and in vivo, NAGL has anttumorigenic
and preapoptotic activities independent of Cxibition (Baek et al., 2001Kim et al.,
2002) NSAIDs and several antitumorigenic cgraunds with chemopreventive aties,
including resveratrolgenistein, catechins, and peroxisome proliferatdivated receptec
ligands, regulate NAQ expression in a prostaglandimdependent mannéBaek et al.,
2004; Baek et al., 2004; Baek et al., 2002; Baek et al.,;200&0n et al., 2003)

However, until now, the relationship, if any, between NA&hd TA in HNEC has not
been investigated. Pyapoptoticactivity of NAG-1 may provide a molecular basis to explain

chemopreventive agent, Iediated antitumorigenesis.

In this study, we examined the regulation of NA@xpressiomluring TA-induced
apoptosis in HNSCcCells. NAG-1 smallinterfering RNA (siRNA}ymedated inhibition of
NAG-1 expresion attenuated TAnduced aposis. Furthermore, the in vivo
antitumorigenic activity of TAin mice was investigated to evaltiaeuse of TAas a
chemopreventive agent in HEE. The datauggest that the induction of NAGmay
provide a noveiechanism for understandingetdownstream effectors for TiAduced

apoptosis in HNSCC.



. MATERIALS AND METHODS

A. Celllines and reagents

Four established human head and neck cancdiredli KB(an oral cancer cell line),
SCCQLL1 (an oral cancer cell line), HN3(a laryngeal cancer cell line), and FaDu (a
hypopharyngeal canceell line)i were obtained from American Type Culture Collection
(Manassas, VA) and Korean Cell Line Bank (Se8ulea). Thecells were grown in
Dul beccods modi fied Eagl eds medium withl0%
streptomycin at 100 U/mI(GIBCO, Carlsbad, CA) at@ii a humidified atmosphere with
5% CO2 and 95% air. TA, diclofenac, sulindac sulfiddpmetacin, and piroxicam
(SigmaAldrich, St. Louis, MOwere dissolved in autoclaved water as stock solution for in
vitro studies. For investigate the effect of TA on normal cells, we He€&AT cells (normal

keratinocytes) that were obtained fréfarean CellLine Bank (Seoul, Korea).

B. Cell proliferation assay

Cell viability was tested using an assay based on the convefs3g@,5-dimethylthiazo
2-yl)-2,5diphenyttetrazolium bromide(MTT; Sigma Aldrich). MTT solution was added to
40m of cell suspensioffor 4 h. After three washes with phosphate bufferagihe (PBS, pH
7.4), the insoluble formazan product was dissolmetD0 ml of dimethylsulfoxide. Optical
density (OD) was measuréal each culture well using a microplate reader {Bék,
Winooski, VT)at 540 nm. The OD of control cells were talen100% viability

C. Terminal deoxynucleotidyltransferasemediated dUTPbiotin nick end labeling
( TUNEL ) assay

DNA fragmentation was analyzed with the in situ cell delgtection kit (Roche Molecular
Biochenicals, Basel, Switzerlandyccording to the instructions of the manufacturer. The
stained cellsvere analyzed under a fluorescence microscope (Carl Zdgskochen,

Germany)



D. Flow cytometry detection of apoptosis

Apoptosis was detected using thenexin \Afluoresceinisothiocynate (FITC) apoptosis
detection kit (BD Bioscience8edford, MA). Briefly, cells were plated in®ell culture
dishesand incubated with 0, 10, 20, and @@ TA for 24 h. The cellsvere harvested,
washed with PBS, and stainetth Annexin VFITC and propidium iodide (PI). Early and
late apoptosiswergu ant i fi ed according to thewasnanuf ac
detected using a FACS Canto system (BD Bioscieedford, MA), with excitation and
emission settings @f88 and530 nm, respectively

E. Mitochondrial membrane potential ( MMP ) assay

MMP of intact cells was measured by flow cytometry withlihephilic cationic probe 5,5
V,6,6 \ttetrachlorel,1 V 3,3 \etraethylbenzimidazolcarbocyanine iodide-Molecukbr
ProbesEugene, OR). The culture medium was briefly removed from the

adherent KB cells, and the cells were rinsed with PBS.aatiolayers were incubated
with DMEM and 5mg/ml JG1 aB3°C for 20 min. The cells were subsequently washed twice
with cold FBS and trypsinized. Cell pellets were then resuspended in500 ml PBS. The

change in MMP was measured by floytometry (BD Biosciences)

F. Tranfection of NAG-1 cDNA and RNA interference ( RNAI)

All transfection experiments were performed using Lipofectar@id00 reagent (Invitrogen,
Carl sbad, CA) according to themanu(Baagket ur er &
al., 2001b) After incubation for 24 h, the medium was removed and tHs werewashed
with PBS and treated with either TA or vehicle for 24 h.
NAG-1 cDNA was previously describéBaek et al., 2001 siRNA for controland NAG
1(sense CUCAGUUGUCCUGCCCUGUdTAT aaumatisense
ACAGGGCAGGACAACUGAGATT) were purchased from Invitrogen






