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ABSTRACT

Chemoprevention by naturally occurring agents isnigg much attention as a newer
dimension in the management of cancer. Many ndyupaturring agents have shown cancer
chemopreventive potential in a variety of bioassygtems and animal models, having
relevance to human diseaghytic acid orinositol hexaphosphate (IP6), an antioxidant, is a
naturally occurring polyphosphorylated carbohydréttat has shown a strong anticancer
activity in several experimental models. We asskdbe protective effects of Phytic acid
against the 7, 12-dimethylbenz][anthracene (DMBA)/ 12-O-tetradecanoylphorbol-13-
acetate (TPA) induced mouse skin tumorigenesisaattd16 weeks, the time before and after
the tumor development. At molecular level we stddexpression and promoter CpG
methylation status of p21, DAPK1 and COX-2. Ouradstiggests exposure of DMBA/TPA
methylated the promoter region of p21 and DAPKlegeim time dependent manner that
could be the cause of down regulation of their egpion with time, which were reversed by
administration of phytic acid. But we did not obsermethylation in COX-2 whereas
upregulation of COX-2 was observed at protein lémeahice treated with DMBA followed
by TPA in time dependent manner. Administration miytic acid prevented theses
DMBA/TPA induced molecular changes. Study provides rationale for cancer
chemoprevention by natural occurring compoundsHikgtic acid.

Introduction

Different types of animal models of cancer have nbee
developed to understand the cellular and moleaitarations

The term '‘cancer' represents a range of differgpe tof associated with the process of carcinogenesis. (Chaéyn
malignant diseases; all of them exhibit uncontmblleell induced two-stage mouse skin carcinogenesis repsesme
division, tissue invasion and spreading as common of the well-establisheth vivo models for study the sequential
characteristics. Skin cancer contributes approxga30% of and step wise development of tumors [5]. In thistem,
all newly diagnosed cancer in the world and soltmaviolet tumor initiation is accomplished through a singlapital
radiation is an established cause of approxim&aei of all application of a carcinogen, typically 7, 12-dimghenz (a)
skin cancers [1]. Nonmelanoma skin cancer (NMSChes anthracene (DMBA). Tumor promotion takes place when
most common form of human cancer, with incidendesra initiated cells are expanded due to repeated agijuits of 12-
dramatically rising during the last decade, perhaps result Otetradecanoylphorbol-  13-acetate  (TPA), a hyper
of increased sun exposure and the continuous daplet the proliferative stimulus that promotes the generatiof
ozone layer [2, 3]. It is widely accepted that sgoas cell papillomas.

carcinomas (SCCs), which are responsible for thgnitya of Chemoprevention by natural compound is a novel Ggr
NMSC-related deaths, result from the accumulatiogemetic against cancer. Chemoprevention through the consompf

alterations [4].

natural dietary compounds such as lycopene, resukra
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genistein may reduce both morbidity and mortalitpni
cancer by affecting various signalling pathwaysgasging the
novel cancer preventive strategy [6]. Phytic asid icomplex
carbohydrate that is a naturally occurring compofahd in
grains, cereals, nuts, and foods that are higlbigr fcontent.
Some study demonstrated the antitumor effect otiptacid
[7]. In a continuing effort to evaluate safer and mdfective
forms of therapy, we investigated the molecularetffof
phytic acid.

Epigenetics encompasses the wide range of heritdizleges
in gene expression that do not result from an atitan in the
DNA sequence itself. DNA methylation, the reversilplost-
translational modification define the epigeneticdacape of a
cell [8]. In cancer cells, increasede novo methylation
(hypermethylation) of many promoters of tumor s@sgors
genes have been reported [9]. Genes can be tratiscéilly
silenced when their promoter region(s) CpG islaraie
hypermethylated [9]. The p21 protein has been sitggeto
mediate p53-induced growth arrest triggered by Ddddnage
[10]. The presence of hypermethylation of the g2he was
associated with many cases of acute lymphoblastikemia
and was also associated with unfavourable clinicabome
[11]. DAPK1 has been shown to suppress the meimstat
ability of carcinoma cells [12]. Its expression lmeen shown
to be absent or decreased in various cancers arckrcaell
lines [13]. DAPK1 has been reported to be supptesse
promoter methylation in malignant tissue but itstimgkation
was not found significant in benign tumors or atlyeatages
[13]. COX-2 plays central roles in the inflammatiassociated
cancer development and act as interface betwekaminfation
and cancer. Up-regulated expression of COX-2 isdoin
multiple human cancers including colon, breaststai® and
skin [14-16]. In the mouse skin model, COX-2 is
constitutively overexpressed papillomas and carmes[17].

In this study we have shown the chemopreventivieay of
phytic acid against DMBA/TPA induced skin tumorigsis
via modulation expression of p21, DAPK1 or COX-2dan
epigenetic status of p21 and DAPK1. 4 weeks endtpeas
selected to know molecular changes before the tumor
development and 16 weeks end point was to know the
molecular changes that appeared after the tumaldewent

Material and method

Animals

Female Swiss albino mice (4-6 weeks old and 10-1Bgdy
weight) were used for the study. All the animalgeaviept in
12/12 hour light/dark cycle and were fed pellet do®nsisting
of protein, 21.53%; fat, 5.24%; crude fiber, 5.3%;
carbohydrate, 57.59%; and caloric value, 363.64/k@@ g
from M/S Ashirwad Pvt. Ltd., Chandigharh, India)tkvivater
ad libitum. Study was approved and animals weredlean
according to the norms of institutional animal eshi
committee.

Chemicals

Phytic acid, 7,12-dimethylbenz[alanthracene (DMBA),
phorbol 12-myristate 13-acetate (TPA), sodium mistadfite,
and hydroxy quinone were procured from Sigma Cd. (S
Louis, MO, USA). Ampli gold Tag DNA polymerase, dN§,
MS-PCR primers were procured from Banglore Gerndid).
The rest of the chemicals were procured from local
commercial sources and were of analytical grade.

Animal treatment and chronic animal bioassay

Mice were shaved on the interscapular region ofoidiek and
only animals in the resting phase of the hair ghowere used
for treatment. DMBA/TPA induced two stage mousenski
tumorigenesis model was used in this study. Infpemgle
topical dose of 50 ug DMBA /0.1ml acetone was aggpknd
after one week followed by topical treatment of § TIPA
/0.1ml acetone twice weekly, for 4 or 16 weeks. P#ytic
acid is given in drinking water ad libitum. Animaisere
divided randomly in 4 groups consisting of 10 arlsneach.
All treatments were given topically on the shaveackh
Groups are divided as follows.Gr.1-Acetone, Gr.2wtke
acid, Gr.3- DMBA+TPA, Gr.4- DMBA + TPA + Phytic ati
All the animals were sacrificed at the end of 416rweeks.
Skin from the painted area was excised, cleanea]) fnozen
in liquid nitrogen and stored at - ®Dtill further use.

DNA isolation and bisulfite modification

DNA was obtained from frozen whole epidermis bytpimase
digestion followed by phenol-chloroform—isoamyl atiol
extraction and ethanol precipitation as describkEg].[DNA
methylation in the CpG islands of the gene pronsoteas
determined by chemical modification of genomic DM#Ath
sodium bisulfite and subsequent methylation-specHICR
(MSP) as described [19, 20]. In brief, 5§ of DNA was
denatured by NaOH and modified by sodium bisulfiddA
samples were then purified using Wizard DNA puéfion
resin (Promega Corp., Madison, WI), desulphonatet&OH
and neutralized by NH4-acetate. DNA was precipitals
ethanol using Salmon testis DNA (Sigma Co.) asieaend
dissolved in 2Qul of water.

M ethylation specific PCR (M S-PCR)

Methylation of CpGs in p21, DAPK1 and COX-2 gene
promoter was studied by MS-PCR as reported ed#igr22].
Modified DNA, thus, obtained was used for hot stA@R
(Ampli Tag DNA polymerase) with specific primersrfo
methylation and unmethylation sequences (TableThe
PCRs were performed with 50 ng bisulfite-modifiehgmic
DNA template in 2Qul reaction mixture containing 1 X PCR
buffer, 0.2 mM dNTP, 1.5 mM Mggl 10 pmol each of
forward and reverse primer, and 1 U Ampligold Tah/AD
polymerase. The mixture was subjected to denaturasit
95 C for 10 min followed by 35 cycles (95 for 50 s, 58C
for 60 s, and 7 for 60 s) and a final extension atCXor 7
min in a My-Cycler Thermal cycler from Bio-Rad. PCR
products were electrophoresed in a 1.5% agaroseamel
visualized wusing ethidium bromide. A methylation vs
unmethylation band intensity ratio was compared ragnihe
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groups. Quantification was done using Gene TooleSyane

software.

Tablel: Primer sequences and PCR product sizesfor MS-PCR

Gene Primer Sequence Product Annealing
size temp.(C°%)

p21 M ethylated F 5-GTTAGCGAGTTTTCGGGATC-3’ 111 55'C

R 5-CTCGACTACTACAATTAACGTCGAA-3’
p21 F 5GGTTAGTGAGTTTTTGGGATTG-3’ 112 58C
Unmethylated R 5-CTCAACTACTACAATTAACATCAAA-3’
DAPK1 F 5-TGTATGAGGGGTTCGTAGTAGC-3' 136 55°C
M ethylated R 5’-GATATCGTAATAATCGTCCACGTT-3
DAPK1 F5-TGTATGAGGGGTTTGTAGTAGTGA-3 140 58C
Unmethylated R 5-CAATATCATAATAATCATCCACATT-3
COX-2 F5-TTTGTCGTTGCGGTTTTTGC-3' 118 55°C
M ethylated R 5'-AAAACGAACTCCACGTAACG-3'
COX-2 F5-AAAGTTTGTTGTTGTGGTTTTTGT-3' 126 58C
Unmethylated R 5'-CTATAAAACAAACTCCACATAACA-3'

Western Blotting

Skin epidermal tissue lysate (10%) was preparedysis
buffer (pH 7.6) containing 20 mM Tris, sucrose (250/1),
MgCl, (2mM), EDTA (2mM), EGTA (0.5mM), DTT (1mM),
NaVO4 (0.03mM), PMSF (2mM) and protease inhibitor
cocktail (Sigma). Tissue lysate equivalent to 50 pxgteins
was resolvedon SDS-PAGE using 7.5-12.5% Tris-Glycine
gel. [23]. The separated proteins were transferoedio
nitrocellulose membrane (Bio-Rad) followed by blimgkwith
5% non fat milk powder (w/v) in Tris buffered sain
containing 0.1% Tween 20 (TBST) for 1 h at 4°C. 8afe
membranes were probed with antibodies of p21, DARKA
COX-2 (Santa Cruz Biotech) for overnight at 4°Gdaled by
washing with TBST. Washed membranes were incubatirl
peroxidase-conjugated appropriate secondary antibod
(Bangalore Genei, India) for 1 h at 4°C, and signakre
visualized by Chemiluminescence HRP detection system
Millipore on Versa Doc (Bio-Rad). Membranes wenepgted
and reprobed with B-actin antibody (Sigma Co).
Quantification was done using Gene Tool Syne geftevare.

Statistical analysis

All the data were subjected to statistical analydisan values
and + SE of all the groups were calculated. One Md®VA
following Student-Newman-Keuls tests for post hoalgses
was employed to assess the statistical significanfcehe
difference between different treatment groups. iBiance
was determined in terms of ‘p’ values. A ‘p’ valoé <0.05
was considered to be statistically significant.

Results

In order to evaluate the molecular basis of antidu effects
of phytic acid, we studied the status of p21, DAP&Ad
COX-2 expression at protein level before (at 4wgeksl after
the appearance of tumors (at 16 weeks). We aledl o
evaluate the promoter methylation status of theses,

Deregulation of p21, DAPK1 and COX-2 expression after
DM BA/TPA application and its prevention by phytic acid
DNA damage and deregulated cell cycle are thecatigarly
changes and preceded tumor development. Sincemadaio
evaluate the molecular events altered even befer@nset of
the tumor and progresses with time, we assessestdhes of
the representative genes, p2l, DAPK1, and COX-2.
Expression of p21, DAPK1, and COX-2 remained ungedn
in mice exposed to only acetone or phytic acid it and
point of study. But at the end of 4 weeks, in méeposed to
DMBA followed by TPA application, p21 and DAPK1
expression were downregulated by 25% and 10% résplsc

in comparison to acetone treated mice. This dowragign
was prevented by phytic acid and reduced to 2% X¥td
respectively in comparison to acetone treated mi¢eereas
at the end of 4 weeks, in mice exposed to DMBAofekd by
TPA application, COX-2 expression was upregulated b%

in comparison to acetone treated mice. This dowragign
was prevented by phytic acid and reduced to 1% in
comparison to acetone treated mice. At the endéofvéeks,
DMBA treated followed by TPA exposed mice showed
downregulation of p21 and DAPK1 expression by 448d a
35% respectively in comparison to acetone treatwe.nThis
downregulation was prevented by phytic acid andiced to
1% and 7% respectively in comparison to acetonatdce
mice. Whereas at the end of 16 weeks, in mice epads
DMBA followed by TPA application, COX-2 expressiavas
upregulated by 85% in comparison to acetone treatiee.
This upregulation was prevented by phytic acid reutliced to
31% in comparison to acetone treated mice (Fig. 1).

So downregulation of p21, DAPK1 and upregulatiorCafX-

2 expression appeared even before tumor developgend
more with the time during DMBA/TPA induced skin
tumorigenesis and chemopreventive agent phytic tigd to
recover these alterations (Fig.1).
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Figure-1

Fig.1: Downregulation of p21, DAPK 1 and upregulation of COX-2 protein expression in response to DM BA followed by TPA
exposure and its prevention by phytic acid. Qualitative analysis of their expression is shown at protein level in | and
quantitative analysis of their expression isshown in |1, Il and V. Barsrepresent the standard error.* p<0.05, ** p<0.01, ***

p<0.001 in comparison to acetone treated group.

Promoter CpG Methylation of p21, DAPK1 and COX-2
after DM BA/TPA application and its prevention by phytic
acid

CpG methylation in the gene promoter is involved tlhe
transcriptional silencing of the gene and has hieelicated
in cancers Having shown the status of the expression of
DAPK1, and COX2 at the protein level, further we tried
assess promoter CpG methylation status of thesesg
Promoter CpG methylation of p21, DAPK1, and C-2 was
not observed in mice exposed to oabetone or phytic acid
any end point of study. At the end of 4 weeDMBA
treatment followed by TPA application resulted intioe
promoter CpG hypermethylation 0p21 and DAPK by 24%
and 26% respectively in comparison to acetonedckeatice.

This hypermethylation was prevented by phytic aaitd
reduced to 1% and 2% respectively in comparisoacttone
treated mice. Whereas at the end of 16 weeks, DtBétec
followed by TPA exposed mice showed increased pten
CpG methylation ofof p21 and DAPK1 by 96% and 58%
respectively in comparison to acetone treated mides
downregulation was prevented by phytic acid andiced tc
9% and 15% respectively in comparison to acetomated
mice. Whereas Promoter CpG methylation of (-2 was not
observed in mice exposed to DMBA followed by T
expression both at the end of 4 and 16 weeks eimd. gdus
phytic acid administration tried to reduce
hypermethylation of promoter CpG of these genesy
effectively (Fig.2).
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Fig.2: Promoter CpG methylation status of p21, DAPK1 and COX-2 in response to DM BA followed by TPA exposure and its
prevention by phytic acid. Analysis of their promoter CpG methylation of are shown by M SPCR blots (1) and histograms for
quantitation based on the ratio of methylated vs unmethylated bands (11, 111, 1V). Lane U=Amplification using unmethylated
primer pairs. Lane M = Amplification using methylated primer pairs. Bars represent the standard error.* p<0.05, ** p<0.01,
*** n<0.001 in comparison to acetonetreated group.

Discussion chemopreventive agent to overcome the pooical outcome
Cancer is the leading cause of death worldwidehagh, of the current treatment avenuehytic acid posses anticancer
enormous progress made for tiegnosis and treatment potential that has been shown to skin tumor modelBut its
various types of cancer, still we do not have tingle magic molecular mechanism is not well understocHere we
drug that can completely and selectively destroyceeous suggested thehemopreventive efficacy of phytic acid agal
cells. So there is a need tevelop or identify the pote DMBA/TPA induced skin tumorigenesis via preventioh
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deregulated expression of p21, DAPK1, COX-2 andrnuter
CpG hypermethylation of p21 and DAPK1.

Aberrant DNA methylation has been found in p21 gene
leading to their down-regulation in tumors as isecaf tumor
suppressor genes [24]. We also observed 24% moragber
CpG methylation of p21 than control at the end efetks of
DMBA / TPA exposure. This suggests the early ineatent
of promoter CpG methylation even before the onSé&tmors.

In later end point (16 weeks), promoter CpG metiytaof
p21 was increased with time. Increased promoter CpG
methylation at 16 weeks end point was well coreslatvith
the p21 down regulation and suggested its relevamdbe
development of tumors from beginning of tumorigesies

In several malignant cell lines, studies have shalat
expression of DAPK1 is decreased or absent [12].
Additionally, decreased expression of this gene airtgp
resistance to interferon-induced apoptosis in celfsl a link
between the loss of DAPK1 expression and cellyteptosis
has been shown to facilitate metastasis, at leasbrie
experimental system [25]. Promoter methylation GfFAK1
gene has been observed in multiple tumor types raag
increase cellular resistance to programmed cethd@®]. We
also observed the promoter CpG hypermethylatioDAPK1
genes after DMBA / TPA exposure from 4 weeks tahat
time of well defined tumors 16 weeks end point imet
dependent manner. Moreover, available report sugges
frequent targeting of the DAPK1 promoter methylatiby
aberrant DNA methyltransferases [27].

We did not observe promoter CpG hypermethylatiorthie
mut p53 and COX-2 gene as it is not frequently lztgal via
promoter CpG methylation. Moreover, available répor
suggest COX-2 promoter CpG methylation is not guently
occurring phenomenon in cancer [28]. At the proteirel, we
observed over expression of COX-2 after DMBA / TPA
exposure in time dependent manner. That means Ieivel
COX-2 increased with time from 4 to 16 weeks of DMB
TPA exposure. More over expression of COX-2 couddthe
reason of skin papilloma appearance in later emat pb study
i.e. 16 weeks. The continued over expression of @JX9],

is in agreement with the earlier reports that sstgy COX-2
itself has been shown to be upregulated in varioon®rs and
shown to be involved in tumor development [30].
Upregulation of COX-2 at all the time points in &m
dependent manner could be for its involvement iopieestic
transformation and establishment of tumors by ialtethe
inflammatory and related processes. Hence, derggulén
inflammatory pathways corresponded to the altepidemetic
scenario after DMBA/TPA exposure.

We have provided the evidences about the statustlaad
involvement of epigenetic and associated eventingluhe
course of the development of tumors from start itosfi.
Chemopreventive interventions by compound with any
molecular change are likely to give an insight fargeted
cancer therapies and prevention [7]. Phytic acid isaturally
occurring compound, exhibiting tumor suppressindeaf

through its anti-angiogenic, anti-oxidant and anti
inflammatory properties [7]. The analysis of théeefs of IP6
on the DMBA/TPA caused molecular modulations sutgges
the possible mechanisms of chemoprevention by these
compounds. IP6 protected the DMBA/TPA induced
deregulation of p21, DAPK1 and COX-2 at all the dim
Prevention was more pronounced at the later enatpat 16
weeks due to higher degree of molecular alteratieading to
the development of the tumor.

Phytic acid also protected the p21 and DAPK1 genenpter
CpG hypermethylation caused by DMBA / TPA exposthres
ultimately restored the expression of p21 and DAPKiL
addition to this phytic acid also prevented the DMBTPA
induced over expression of COX-2. its downstreafaceéfon
the methylation as well suggesting its chemopreversgction
through the modulation of CpG methylation.

In summary, our study identifiedhat p21 and DAPK1
promoter get methylated in DMBA with TPA exposedups,
which downregulate the protein expression of thgmees and
contributes in development of skin tumors. On ttleephand
DMBA / TPA exposure caused overexpression of COX-2
time dependent manner.Phytic acid inhibits these
DMBA/TPA induced molecular changes with restoratiohn
p21 and DAPK1 expression in addition to dowregulation
COX-2 expression. So use of natural compounds cavide

an effective mean of cancer control.
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