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Chemopreventive role of olive oil in colon carcinogenesis
by targeting noncoding RNAs and methylation machinery
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Epigenetic therapy induced by dietary components has become a strong interest in the ﬁeld of cancer prevention. Olive oil, a
potent dietary chemopreventive agent, control colon cancer, however, its role in epigenetic therapy remains unclear. Thus, we
aimed to investigate the effect of olive oil in a preclinical model of colon cancer by targeting genetic and epigenetic
mechanisms. DMH was used to induce colon cancer in rats; while olive oil was given to separate group of rats along with DMH
treatment. Tumor burden and incidence in DMH and DMH + olive oil-treated rats was observed by macroscopic examination
and histoarchitectural studies. Potent anti-inﬂammatory, anti-angiogenic and pro-apoptotic activity of olive oil was explored by
gene expression and immunohistochemical studies. The effect of olive oil on epigenetic alterations was examined by detecting
promoter methylation with MS-HRM and dysregulation of miRNA by TaqMan MicroRNA Assay. We observed that olive oil
administration lowered tumor incidence and inhibited the development of tumors in DMH-treated rats. Olive oil markedly
decreased the expression of inﬂammatory and angiogenic markers and restored the expression of pro-apoptotic markers in
DMH-treated rats. Furthermore, the inverse relationship between gene expression and DNA methylation, deviant miRNA pattern
and miRNA silencing mediated by aberrant DNA methylation was also seen in DMH-treated rats, which was potentially
reversible upon olive oil treatment. Our study concludes that olive oil may play a role in the epigenetic therapy by altering NFκB and apoptotic pathways via targeting noncoding RNAs and methylation machinery that affecting epigenome to prevent
colon carcinogenesis.

Introduction
Colorectal cancer is the third most common cancer and one
of the leading causes of death worldwide, being responsible
for about 10% of total cancer-related mortality.1 A hallmark
of CRC lies in its pathogenetic heterogeneity, attained through
genetic instability, epigenetic alterations and dysregulation of
noncoding RNA that contribute to its malignant status leading
to the activation of distinct pathways.2
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Genetic studies have proven the role of key components of
inﬂammation such as tumor necrosis factor (TNF-α) and
nuclear factor kappa B (NF-κB) in the onset of carcinogenesis.
NF-κB regulates the expression of its target genes that are
involved in angiogenesis (VEGF) and metastasis (MMP-9) for
the progression of CRC.3 Numerous studies have indicated that
NF-κB may inhibit apoptosis either via inhibition of p53 activation or by regulating the anti-apoptotic proteins which in turn
block the caspase cascade.4 Therefore, targeting inﬂammatory
pathway and apoptotic machinery may play an increasingly
important role in devising future strategies for cancer therapy.5,6
It is increasingly evident that heritable losses of gene functions may be mediated by genetic as well as by epigenetic
alterations in colon cancer. The most widely studied epigenetic abnormality in tumorigenesis is DNA methylation.7 The
relationship between DNA methylation and gene expression is
however complex. Higher levels of gene expressions are often
associated with promoter hypomethylation,8 while lower levels
of gene expression are related to promoter hypermethylation.9
The interplay of DNA hypermethylation and hypomethylation
demonstrates two independent functions of signiﬁcant associations with both molecular and clinicopathological parameters
in colorectal cancer.10 Recent studies have shown that epigenetic mechanisms also play an important role in the
Int. J. Cancer: 144, 1180–1194 (2019) © 2018 UICC

1181

Nanda et al.

What’s new?
Epigenetic therapy induced by dietary components has strong potential in cancer prevention. Olive oil presents some
chemopreventive activity in colon cancer, but its potential role in epigenetic therapy remains unclear. This study shows that
olive oil prevents colon cancer by reducing the expression of inﬂammatory and angiogenic genes and enhancing apoptotic
genes and miRNAs expression in a preclinical model. Moreover, the interface between DNA methylation and miRNA expression
associates with transcriptional silencing of genes encoding for altered cellular pathways in colon cancer. Olive oil acts as a
demethylating agent for tumor suppressor genes and hypermethylating agents for tumor promoter genes.
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hypermethylation and hypomethylation during multistep
colorectal carcinogenesis, especially in vivo conditions.
Therefore, in the present study, we executed a comprehensive and systematic analysis to investigate the effect of olive
oil on colon carcinogenesis by targeting genetic and epigenetic
mechanisms. The study analyzed the promoter hypermethylation/hypomethylation of various genes involved in the pathogenesis of colon cancer which further were reversible upon
olive oil treatment. Furthermore, the present study was
designed to look for the interface between DNA methylation
and miRNA expression associated with transcriptional silencing and loss of expression of genes encoding for altered cellular pathways in an animal model of CRC.

Materials and Methods
Extra virgin olive oil

Extra virgin olive oil was purchased from company Figaro,
Deoleo S.A, Spain. The nutrition value for extra virgin olive
oil per 100 g was: Energy 900Kcal, Protein 0 g, Total carbohydrate 0 g, Total fat 100 g (Saturated fat 13 g, Monosaturated
fat 79 g, Polyunsaturated fat 8 g, Trans fat 0 g), Cholesterol
0 mg and Sodium 0 mg.
Animals and experimental design

All animal experiments were performed in accordance with
protocols approved by the Institutional Animal Ethics
Committee of PGIMER, Chandigarh vide Reference
No. 50/IAEC/247. Healthy male Sprague Dawley rats with
body weights ranging from 180 to 200 g were divided into
three groups with each group having 12 rats. Group I rats
served as normal controls and received weekly subcutaneous
(s.c.) injections of normal saline. Rats in Group II were
injected subcutaneously once in a week with freshly prepared
1, 2-dimethylhydrazine (DMH) in normal saline at a dosage
of 30 mg/kg body weight, for two different time durations of
10 and 20 weeks.25,26 Olive oil treatment was given to Group
III rats, thrice a week at a dose of 1 g/kg body weight through
oral gavaging in addition to DMH treatment as was given to
group II rats for 10 and 20 weeks (Fig. 1). Olive oil treatment
was started along with DMH treatment.
Body weight

The body weights of rats belonging to normal control and all
the treated groups were recorded every week and maintained
properly throughout the study.
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dysregulation of miRNA in the cancer pathogenesis.11,12 miRNAs act as both oncogenes or tumor-suppressors, depending
upon the inhibition of target genes. Mir-143 and mir-145 are
kind of these miRNAs which are downregulated in lung cancer, breast cancer and colon cancer.13,14 Since mir-143 and
mir-145 are involved in the development of colon carcinogenesis, so they seem to be good targets to study for preventive
approach against colorectal cancer.
Furthermore, epigenetic alterations are more dynamic as
well as potentially reversible than genetic modiﬁcations and
can be inﬂuenced by dietary interventions. The growing evidence indicated that various dietary agents such as turmeric,
green tea and soybean have been shown to modulate DNA
methylation alterations and control incipient malignancy.15
Some reports suggested that the polyphenolic content of these
dietary agents including olive oil, can block the initiation process or reverse the promotion stage of multistep carcinogenesis.16,17 Olive oil is a major component of the Mediterranean
diet with numerous beneﬁcial effects due to various antioxidants which include Vitamin E (alpha-tocopherol) and phenolic compounds such as tyrosol, hydroxytyrosol and
oleuropein.18,19 Luteolin, a ﬂavonoid found in olive oil
exhibits anti-tumorigenic properties by promoting apoptosis
and cell cycle arrest in various cancers such as lung cancer,
oesophageal cancer and colon cancer.20 Several in vitro studies
suggest that, besides antioxidant ability, olive oil phenols exert
anti-inﬂammatory and anti-neoplastic activities.21 Recently,
Franca et al. revealed the protective effect of olive oil in colon
cancer model by decreasing cell proliferation.22 However, very
few studies were undertaken to explore the effect of olive oil
in modulating epigenetic pathways. It has been demonstrated
in a recent study that olive oil modulates the expression of
tumor suppressor gene (CB1) by altering methylation pattern
in colon cancer cells, which further provides an evidence for
the chemopreventive activity of olive oil in colon cancer.23
However, Rodríguez-Miguel et al. revealed the tumorenhancing effects of high-fat diets by using corn oil and olive
oil on breast cancer model by modulating epigenetic patterns.
While the effect of olive oil was weaker on breast cancer progression as compared to corn oil by altering histone modiﬁcation patterns and reduced hypomethylation levels. However,
further studies are required to explore this complex mechanism on breast cancer progression by high-fat diets.24 Nevertheless, to our knowledge, no study has reported the role of
olive oil in epigenetic therapy by targeting both

1182

Chemopreventive role of olive oil in colon carcinogenesis

Biotechnology, USA), MMP-9 (Cat No. sc-6840; Santa Cruz
Biotechnology, USA), Caspase-3 (Cat No. orb 10237; Biorbyt,
UK) and Caspase-9 (Cat No. orb1024; Biorbyt, UK). Images
were analyzed and quantiﬁed by the Image-Pro Plus 6.0 software (Media Cybernetics, Bethesda, MD, USA).
Figure 1. Timeline of the experiment. [Color ﬁgure can be viewed at
wileyonlinelibrary.com]

Processing of tissues

At the end of the treatment periods (10 and 20 weeks), the
animals were sacriﬁced under anesthetization with mild
diethyl ether. A complete autopsy was performed and all the
viscera were examined with the naked eye for any gross pathological changes. Colons were immediately removed from the
rats, ﬂushed with ice-cold physiological saline and opened longitudinally. A desired portion of the colon was ﬁxed in 10%
formal saline for histopathological analysis. For DNA, RNA
and miRNA isolation, the normal colonic tissue from control
and tumorous tissue from treated groups were stored at -80  C.
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Tumor or polyp analysis

Tumor or polyp incidence was calculated as the percentage of
rats with tumors or polyps per group.27 Tumor multiplicity
was calculated as an average number of tumors or polyps
from each rat in a group.28 Tumor growth was monitored by
measuring the tumor or polyp length (L) and width (W) by
using calipers and tumor area was calculated by using the formula: A = (L × W). Ellipsoid tumor volume was calculated as
length × width 2× π/6 as described by Pettan-Brewer et al.29
Histoarchitectural studies

Tissues from normal, as well as tumorous regions of the
colons of animals, were isolated and ﬁxed in 10% paraformaldehyde in PBS, embedded in parafﬁn and 4 μm thick sections
were cut. Further, parafﬁn sections were stained with hematoxylin and eosin for routine histological analysis.
Immunohistochemistry

Tissues in parafﬁn block were cut into 4 μm thick sections
and were processed for immunostaining. The sections were
incubated with primary antibodies, diluted (1:100) in 2.5%
normal horse serum (NHS; Vector Labs), left overnight at
4  C, then stained with biotin-conjugated secondary antibody
followed by incubation with peroxidase-streptavidin complex
using Vectastain® Universal Quick Kit (Vector Labs). Immunostaining was performed by using 3, 30 -diaminobenzidine
(DAB; Sigma) according to the manufacturer’s instructions.
The sections were counterstained with hematoxylin for 1 min,
mounted with DPX, and a coverslip was permanently added
for light microscopy. The after primary antibodies were used
in the present study; NF-κB (Cat No. PC137; Calbiochem
(EMD Millipore)), VEGF (Cat No. sc-7269; Santa Cruz

Reverse transcription and quantitative real-time PCR (qPCR)

Total RNA was extracted using Trizol reagent according to the
manufacturer’s instructions (Invitrogen). After quantiﬁcation,
puriﬁed RNA was used to synthesize the ﬁrst strand cDNA using
the Applied Biosystems cDNA synthesis kit. Quantitative PCR
was performed by LightCycler® 480 (Roche) using LightCycler®
480 SYBR Green I master (Roche) detection method after the
manufacturer’s protocol. Relative quantiﬁcation was performed
using the Ct method and by using b-actin as a reference.30
Primer sequences were as follows: β-actin mRNA forward 50 TTGCTGATCCACATCTGCTG-30 , reverse 50 -GACAGGATGCAGAAGGAGAT-30 ; Caspase-3 mRNA forward 50 -GACAGGATGCAGAAGGAGAT-30 , reverse 50 -CATGGGATCTGTTTC
TTTGC-30 ; Caspase-9 mRNA forward 50 -CTGAGCCAGATGC
TGTCCCATA-30 , reverse 50 -CCAAGGTCTCGATGTACCAGGAA-30 ; NF-κB NFkB mRNA forward 50 -GAAGCACAGATACCACTAAG-30 , reverse 50 -AGAGTTCAGCCTCATAGAAG-30 ;
VEGF mRNA forward 50 -TGTGCGGGCTGCTGCAATGAT-30 ,
reverse 50 -TGTGCTGGCTTTGGTGAGGTTTGA-30 ; MMP-9
mRNA forward 50 -TGCTCCTGGCTCTAGGCTAC-30 , reverse
50 - TTGGAGGTTTTCAGGTCTCG-30 .
miRNA quantiﬁcation

miRNA from colonic tissues was isolated by using mirVana
miRNA Isolation Kit (Ambion). Quantiﬁcation of the mature
form of miRNAs was performed with TaqMan MicroRNA
Assay Kit, in accordance with the manufacturer’s instructions
(Applied Biosystems). The U6 small nuclear RNA was used as
an internal control. The results were interpreted as relative
fold change of miRNA expression and were determined using
2-ΔΔCp. Primer sequences were as follows:
rno-miR-143-3p 50 -UGAGAUGAAGCACUGUAGCUCA-30
rno-miR-145-5p 50 -GUCCAGUUUUCCCAGGAAUCCCU-30 .
Bisulﬁte modiﬁcation and methylation-sensitive highresolution melt analysis
DNA extraction and bisulﬁte modiﬁcation. Genomic DNA

was extracted from frozen tissues using a ZymoBead™ Genomic DNA Kit (Zymo Research, Orange, CA, USA) according
to the manufacturer’s instructions. Bisulﬁte modiﬁcation of
genomic DNA was carried out by using the EpiTect® Fast
DNA Bisulﬁte Kit (Qiagen), to detect methylation sites. A
100% methylated DNA was prepared by methylating the rat
genomic DNA in vitro with the CpG methylase enzyme SssI
(New England Biolabs) and an unmethylated DNA (0%) was
isolated from the peripheral blood mononuclear cells of a
healthy rat, were subjected to the bisulﬁte modiﬁcation
Int. J. Cancer: 144, 1180–1194 (2019) © 2018 UICC
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Methylation sensitive high-resolution melt analysis (MSHRM). The PCR ampliﬁcation and high resolution melting

analyses were performed on the 7,500 Fast Step One instrument with SDS Software v1.4 (Applied Biosystems) using MeltDoctor™HRM Master Mix (Applied Biosystems) detection
method after the manufacturer’s protocol. Data was analyzed
by using the Applied Biosystems MS-HRM software (v.3.0.1.).
The normalized HRM proﬁles allow estimation of methylation
levels of unknown samples run along with the 0–100% methylated standards.31 Primers were designed according to the principles outlined by Wojdacz and Dobrovic.32 Primers were as
follows: Caspase-3 forward 50 -TGGTTTATTTAGTTATTTTGYGTTATG-30 , reverse 50 -CRTAACCACCTTCCRATTAA-30 ;
Caspase-9 forward 50 -TAGTTATGGAGGAGGTTGATYG-30 ,
reverse 50 -TAGTTATGGAGGAGGTTGATYG-30 ; NFkB forward 50 -TAGTTATGGAGGAGGTTGATYG-30 , reverse 50 ATACCRCCAACAACATCTTC-30 ; VEGF forward 50 -ATTGTYGTTTAATTGAGATTTTGGT-30 , reverse 50 -CACACCRCA
TTAAAAACACA-30 ; MMP-9 forward 50 -TAYGGATAGAAGAGAAGGGATAGT-30 , reverse 50 -CTTACCTAACAACCRCAAAAC-30 ; miR-143 forward 50 -YGTTGTAGTAATTTGTG
GTGAT-30 , reverse 50 - AACRACCATTAAATAAACCAAC-30 ;
miR-145 forward 50 -GTYGGATGTAGGGAAAATT-30 , reverse
50 -AAATTCCTAAAAAAACTAAACCRT-30 .
Statistical methods

All statistical analysis was performed using SPSS and GraphPad Prism 5.0 software (La Jolla, CA, USA). To determine
whether the data is normally distributed or not, we assessed
normality of the data by using Shapiro–Wilk Test due to small
sample size. The signiﬁcance value of the test (p-value) was
greater than 0.05 (the chosen alpha level), thus the null
hypothesis was accepted and the data was considered to be
normally distributed. Therefore, statistical analysis between
the groups was done by using ANOVA, followed by Newman
Keul’s test and Duncan’s test. The results were represented as
Mean  SD. The correlation between promoter methylation
and expression levels, and the association between miRNA
and gene expression levels were calculated by using Pearson
correlation coefﬁcient in a parametric fashion. Values with
p < 0.05 were considered statistically signiﬁcant.

Results
Body weight of animals

The variation in the body weights of the animals subjected to
different treatments are shown in Table 1. A steady increase in
the body weights was observed from 0 week to 10 weeks of
DMH treatment as compared to normal controls, whereas the
increase was signiﬁcant (p < 0.05; p < 0.01) after 6 weeks of
treatment. Also, a signiﬁcant increase in body weights was
Int. J. Cancer: 144, 1180–1194 (2019) © 2018 UICC

observed with olive oil treatment in DMH treated rats as compared to DMH-alone treatment after 2 weeks (Table 1a). However, a signiﬁcant decrease (p < 0.01; p < 0.001) in body weights
was observed after 10 weeks till 20 weeks of DMH treatment
as compared to normal controls. Whereas DMH + olive oil
treatment caused a signiﬁcant gain (p < 0.001) in body weights
of rats as compared to DMH-alone treatment at 20 weeks
(Table 1b).

Olive oil treatment inhibits colon cancer growth

In the present study, we observed a pronounced increase in
colonic thickness, vascular congestion and some pedunculated
or sessile polypoid lesions in rats subjected to DMH as well as
combined DMH + olive oil treatments at 10 weeks. However,
multiple tumors were grossly observed in rats after 20 weeks
of DMH treatment. Interestingly, no evidence of any tumor
formation was seen in rats treated with DMH + olive oil at
20 weeks, whereas some polypoid lesions were observed in
these rats (Fig. 2a). Further, it was found that treatment with
DMH alone resulted in increased tumor incidence, tumor
multiplicity and tumor size (measured by tumor area and

Table 1. Effect of DMH and DMH + olive oil treatments for 10 and 20
weeks on body weights of rats
Weeks

Normal Control

DMH

DMH + Olive oil

10 weeks on body weights of rats
0

196.5

196.67

192

2

203.42  11.67

233.50  11.79

268.5  14.3

4

223.12  18.79

247.75  14.26

299.5  18.6xb

6

227.67  5.66

263.08  5.54

317.66  21.6yb

8

240.17  2.12

287.58  7.42

319.5  29.9

10

251.68  3.51

295.17  0.94xa

352.66  7.54yb

xa

20 weeks on body weights of rats
0

196.00

194.17

199

2

193.00  0.94

204.58  4.83

256.87  23.15zb

4

208.33  4.71

217.58  5.77

292.12  13.25zb

6

200.63  2.26

233.08  4.12xa

313.25  6.01zb

8

221.82  1.20

244.67  3.30

312.5  30.75zb

10

237.92  2.24

234.75  7.90

343.25  7.77zb

12

261.62  18.69

250.58  3.89

338.75  18.03zb

14

286.77  16.36

255.17  0.24xa

345.5  1.76zb

16

306.40  2.97

260.42  0.35

362.5  7.77zb

18

319.07  3.21

271.75  8.60

354.25  3.18zb

20

342.00  5.89

266.08  0.82

352.62  1.23zb

za
za
za

Weight in grams.
Data are presented as Mean  SD.
n = 6 for normal control group and n = 6 for each treatment group.
x
p < 0.05,
y
p < 0.01,
z
p < 0.001,
a
vs control,
b
vs DMH.
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procedure to create a series of standards containing methylation levels of 100, 90, 75, 50, 25, 10 and 0%, which were used
as reference controls.
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mitotic rate and an ovoid to angulated shape cells that contain
mucin vacuoles in their cytoplasm as compared to their control counterparts. However, all DMH + olive oil treated rats
showed lymphoid inﬁltration, mild atypia and minimal
inﬂammation in the mucosa of the colon. Importantly, no
sign of malignancy was observed in these animals at 10 and
20 weeks. Therefore, olive oil treatment was markedly effective
to prevent colon cancer growth at both the stages (Fig. 2f ).
Anti-inﬂammatory and pro-apoptotic roles of olive oil in
colon carcinogenesis
Olive oil treatment reduces mRNA expression of NF-κB, VEGF
and MMP-9. mRNA expression of NF-κB was signiﬁcantly

upregulated in DMH-treated rats in comparison with normal
controls (~7.5-fold, p < 0.001; ~10.9-fold, p < 0.001) at 10 and
20 weeks. However, olive oil treatment signiﬁcantly attenuated
the expression levels of NF-κB mRNA in DMH + Olive at
10 weeks (~4.5-fold, p < 0.01) and 20 weeks (~8.5-fold,
p < 0.001) in comparison to DMH treatments at both time
duration respectively, as shown in Figure 3a. In addition, VEGF
mRNA expression was also signiﬁcantly increased in DMHtreated rats compared to normal controls (~2.2-fold, p < 0.05;
~7.6-fold, p < 0.001) at 10 and 20 weeks, respectively. While,
mRNA expressions of VEGF was signiﬁcantly downregulated in
olive oil treated rats in comparison to DMH-treated rats at
10 weeks (~twofold, p < 0.05) and 20 weeks (~sevenfold,
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tumor volume). However, olive oil administration along with
DMH, resulted in marked decrease in tumor or polyp incidence, multiplicity and size (Fig. 2b–e). At 10 weeks, the incidence rate of polyps was 100% in DMH-treated while, 66.66%
in DMH + olive oil treated rats. Tumor formation was
observed in 20 weeks DMH-treated rats with 100% incidence,
however, there was no evidence of tumors in normal control
and olive oil-treated rats. Whereas DMH + olive oil treated
rats showed 50% of polyp incidence at 20 weeks, thereby
showing improvement in 20 weeks as compared to 10 weeks
of treatments with olive oil (Fig. 2b). With regard to tumor or
polyp multiplicity, olive oil (p < 0.001) signiﬁcantly inhibited
tumor formation in the colon as compared to DMH-alone
treated rats at 20 weeks (Fig. 2c). Tumor or polyp area was
signiﬁcantly reduced in animals administered DMH + olive
oil as compared to those given DMH-alone for 20 weeks
(p < 0.001) (Fig. 2d). Similarly, Tumor or polyp volume was
also signiﬁcantly decreased with olive oil treatment in DMHtreated rats at 20 weeks (p < 0.001) (Fig. 2e).
Further, while conducting the histoarchitectural examination, 10 weeks DMH-treated colons conﬁrmed villous adenoma by an increase in inﬂammation, high-grade hyperplasia
and villi-form transformation of the mucosa as compared to
controls which conserved their normal mucosal architecture.
Moreover, 20 weeks DMH-treated rats showed poorly differentiated carcinoma, characterized by scanty cytoplasm, a high

Chemopreventive role of olive oil in colon carcinogenesis

Figure 2. Olive oil treatment prevents colon cancer growth. (a) Photomicrographs of normal control, DMH-treated, and DMH + olive-treated
colon; (b) Tumor or polyp incidence was revealed by percentage of rats with tumors or polyps per group; (c) Tumor or polyp multiplicity for
each treatment group is expressed as average number of tumors or polyps from each rat in a group; (d) Tumor area was calculated as,
A = (L × W); (e) Tumor volume as length × width2× π/6 in all treatments. Data are presented as Mean  SD; (f ) Hematoxylin and eosin stain
of tissue from control and treated rats, Magniﬁcation ×200; (n = 6). [Color ﬁgure can be viewed at wileyonlinelibrary.com]
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p < 0.01) (Fig. 3b). Moreover, MMP-9 mRNA expression was
also signiﬁcantly increased in DMH-treated rats compared to
normal controls (~2.2-fold, p < 0.01; ~ninefold, p < 0.001) at
10 and 20 weeks, respectively. Whereas mRNA expression of
MMP-9 was signiﬁcantly downregulated in DMH + olive oil
treated rats in comparison to DMH-treated rats at 10 weeks
(~2.4-fold, p < 0.05) and 20 weeks (~7.6-fold, p < 0.05) (Fig. 3c).
Olive oil treatment increases caspase-3 and caspase-9 mRNA
expression. Expression of caspase-3 mRNA was signiﬁcantly

decreased in DMH-treated rats as compared to normal controls
(~0.6-fold, p < 0.001) at 10 weeks and (~0.7-fold, p < 0.001) at
20 weeks. In contrast, olive oil treated rats had signiﬁcantly
higher caspase-3 mRNA expression levels at 10 weeks
(~1.4-fold, p < 0.001) and 20 weeks (~threefold, p < 0.001) as
compared to DMH-treated rats in both time durations, respectively (Fig. 3d). Similarly, mRNA expression of caspase-9 was
signiﬁcantly decreased in DMH-treated rats (~0.65-fold,
p < 0.001) at 10 weeks and (~0.95-fold, p < 0.001) at 20 weeks.
However, olive oil treatment cause signiﬁcantly higher expression level of caspase-9 mRNA at 10 weeks (~0.6-fold, p < 0.01)
and 20 weeks (~3.6-fold, p < 0.001) as compared to DMHtreated rats (Fig. 3e).
Olive oil modiﬁes localization and expression of pro- and
anti-apoptotic proteins. Further, we studied the effect of

olive oil on the expression of various pro- and anti-apoptotic
proteins in colonic tissues. Immunohistochemical analysis of
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colonic sections in DMH-treated rats revealed an enhanced
expression of anti-apoptotic protein NF-κB p65, mainly in the
nuclei of epithelial cells, while more cytoplasmic staining was
observed in control and olive oil treated groups at both
10 and 20 weeks. The expression of VEGF and MMP-9 were
increased in the cytoplasm and membrane of epithelial cells in
DMH-treated rats. However, reduced immunostaining of
VEGF and MMP-9 was observed in DMH + olive oil treated
rats which were essentially similar to that in controls. However, a markedly reduced cytoplasmic staining of apoptotic
proteins, that is caspase-3 and caspase-9 was observed in
DMH-treated rats relative to controls, while olive oil treatment proved beneﬁcial as it resulted in a moderate to high
increase in expression of these apoptotic proteins in
DMH + olive oil treated rats (Fig. 4a). The quantiﬁcation of
these proteins in all the groups was shown in Figure 4b. The
results of protein expression were consistent with gene expression results.
Olive oil modulates aberrant methylation pattern in colon
carcinogenesis

To evaluate the effect of olive oil on DNA methylation alterations, we used Methylation Sensitive-High Resolution Melting analysis to simultaneously detect hypomethylation and
hypermethylation.
Olive oil induces hypermethylation of NF-κB, VEGF and MMP-9.

On the basis of methylation percentage, we observed

Figure 3. Effect of olive oil on gene expression was assessed by qPCR in colon cancer. (a) NF-κB mRNA expression pattern in normal control
and treated animals; (b) VEGF mRNA; (c) MMP-9 mRNA; (d) Caspase-3 mRNA and (e) Caspase-9 mRNA. Data are presented as Mean  SD;
(n = 6). [Color ﬁgure can be viewed at wileyonlinelibrary.com]

Int. J. Cancer: 144, 1180–1194 (2019) © 2018 UICC
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Olive oil induces demethylation of caspase-3 and caspase-9.

We observed hypermethylation in the promoter region of
caspase-3 in DMH-treated rats at 10 weeks (74%, p < 0.05)
and 20 weeks (81%, p < 0.001) as compared to controls.
While, the olive oil treatment in combination with DMH at
20 weeks, caused demethylation in caspase-3 gene (40.87%,
p < 0.001). We also found a highly signiﬁcant promoter methylation of caspase-9 with DMH treatment (~75%, p < 0.001)
in comparison to normal controls, which however was
decreased upon olive oil treatment (~57%) (Fig. 5).
miR-143 and miR-145 expression in colon cancer

To characterize the expression of miR-143 and miR-145 in
colonic tissues, we used TaqMan qRT–PCR. As shown in
Figure 6, the expression of miR-143 and miR-145 was signiﬁcantly lower in DMH-treated rats (p < 0.001) as compared to
controls. However, olive oil treatment signiﬁcantly increased
the expression of miR-143 and miR-145 (p < 0.001) in
DMH + Olive oil-treated rats as compared to DMH-treated
rats at both 10 and 20 weeks.
Methylation of miR-143 and miR-145 in colon cancer

Since DMH treatment showed nearly complete loss of miR-143
and miR-145 expression; therefore, we analyzed whether these
miRNAs may be silenced in colon cancer by an epigenetic mechanism. Notably, we observed promoter regions of miR-143 and
miR-145 were heavily hypermethylated (89.5%, p < 0.01; 80.7%,
p < 0.001) respectively, compared to controls. However, olive oil
treatment reduced the methylation levels of these miRNAs,
though the effect was signiﬁcant only on mir-145 (Fig. 7a, b).
Correlation analysis
Correlation between miRNA levels and gene expression of
Caspase-3, Caspase-9, NF-κB, VEGF and MMP-9. There was

a signiﬁcantly strong positive correlation was observed

between mir-143 levels and mRNA expression of caspase-3
(r = 0.9601) and caspase-9 (r = 0.9978). Similarly, a strong
positive correlation was observed between mir-145 levels and
gene expression of caspase-3 (r = 0.9038) and caspase-9
(r = 0.8601). Although, the positive correlation was signiﬁcantly strong for caspase-3 only, but these results clearly demonstrated that miRNA and caspases levels tend to increase or
decrease together with or without treatments (Table 2).
However, a moderate negative correlation was observed
between mir-143 and gene expression of NF-κB (r = −0.5903),
VEGF (r = −0.5126) and MMP-9 (r = −0.445). While, a moderate to strong negative correlation between mir-145 levels and
mRNA expression of NF-κB (r = −0.8583), VEGF (r = −0.7385)
and MMP-9 (r = −0.6794). Thus, these results suggested that
increase in miRNA levels tends to decrease of NF-κB, VEGF
and MMP-9 expression or vice versa (Table 2).
Correlation between promoter methylation and expression of NFκB, VEGF, MMP-9, Caspase-3, Caspase-9, mir-143 and mir-145.

Further, we computed the correlation between DNA methylation levels and gene expression of NF-κB, VEGF, MMP-9,
caspase-3 and caspase-9 in all the groups by Pearson correlation coefﬁcient. A signiﬁcant strong negative correlation was
observed for NF-κB (r = −0.924) and moderate to strong correlation was observed for MMP-9 (r = −0.685) and VEGF
(r = −0.810). In addition, there was a strong negative correlation between methylation levels and gene expression of
caspase-3 (r = −0.756), however, a weak negative correlation
was observed in caspase-9 (r = −0.186). Thus, the results conﬁrmed the inverse relationship between gene expression and
methylation levels of above genes (Table 3).
Moreover, while assessing the correlation between promoter methylation and miRNA levels, we observed a signiﬁcant strong negative correlation for mir-145 (r = −0.911) and
a weak correlation for mir-143 (−0.294) (Table 3), which indicate that increase of methylation levels tend to decrease of
miRNA levels for mir-143 and mir-145 (Table 3).

Discussion
The relationship between dietary factors and chemoprevention
is incredibly important, that can target the multifactorial process of colon carcinogenesis. Colon cancer can be summed up
to represent a complex interplay between genetic and epigenetic abnormalities. Recent studies indicated that epigenetic
alterations are modiﬁable by dietary factors due to their
reversible nature. Thus, epigenetic therapy has been identiﬁed
as a promising strategy for reducing cancer incidence and
mortality. In the present study, we have simultaneously

Figure 4. (a) Immunohistochemistry for colonic tissues from normal control and treated rats. Representative immunostained sections
demonstrating NF-κB, VEGF, MMP-9, Caspase-3 and Caspase-9 localization and expression. In each case, the signal for protein is represented
by brown color due to DAB and blue signal due to hematoxylin counterstain. Magniﬁcation ×200; (n = 6). (b) Quantitative
immunohistochemical expression of (A) NF-κB; (B) VEGF; (C) MMP-9; (D) Caspase-3 and (E) Caspase-9. Data are presented as Mean  SD;
(n = 6). [Color ﬁgure can be viewed at wileyonlinelibrary.com]
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hypomethylation in the CpG island within the promoter
region of NF-κB in DMH-treated rats (20%, p < 0.05) compared to controls, which however was increased considerably
upon olive oil treatment at 10 (p < 0.05) and 20 weeks
(p < 0.01). Similarly, the promoter region of MMP-9 showed
hypomethylation in DMH-treated rats (~10%, p < 0.001) in
comparison to controls. However, olive oil caused a signiﬁcant
increase in methylation of the MMP-9 promoter at 10 weeks
(61%, p < 0.001) and 20 weeks (81%, p < 0.001). We also
observed promoter hypomethylation of VEGF with DMH
treatment and reverse pattern with olive oil, albeit the changes
were nonsigniﬁcant (Fig. 5).
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Figure 5. Percentage methylation of the genes in normal control and treated groups. Representative samples show (A) Aligned melt curve,
(B) Difference plot normalized to the 0% methylated standard DNA for methylated standard curves of 100 to 0% (DNA standards with 100 to
0% methylation) represented in different colors and differential ﬂuorescence, and Percentage change in methylation of (C) NF-κB; (D) MMP-9;
(E) VEGF; (F) Caspase-3 and (G) Caspase-9 promoter region using Methylation sensitive-high resolution melting (MS-HRM) analysis. Data are
presented as Mean  SD; (n = 6). [Color ﬁgure can be viewed at wileyonlinelibrary.com]

detected two opposite epigenetic phenomena (hypomethylation and hypermethylation), and have shown that methylation
is inversely related to gene expression. We demonstrated for
the ﬁrst time that olive oil has the demethylating activity to
the hypermethylated genes (caspase-3 and caspase-9), and it
may also act as demethylation inhibitor if its targets would be
hypomethylated genes (NF-κB, VEGF and MMP-9). Moreover, we observed the interrelationship between DNA methylation and miRNA expression pattern which may be associated
with mir-143/145 silencing and also analyzed the demethylating activity of olive oil to these miRNAs.
In the present study, DMH caused a decrease in body
weight after 10 weeks till 20 weeks of treatment in DMH-

treated rats as compared to normal controls, while olive oil
treatment caused a signiﬁcant increase in body weight in
DMH + olive oil treated rats at both 10 and 20 weeks. These
ﬁndings are similar to our earlier ﬁndings where we have
observed a decrease in body weight in DMH-treated rats as
compared to normal controls,33 in addition, the study gains
support from Franca et al., where they reported an increase in
body weight with olive oil treatment.22 Macroscopically, it was
observed that DMH administration caused an increased rate
of tumor incidence, tumor multiplicity and tumor size (measured by tumor area and tumor volume). However, a signiﬁcant decrease in tumor growth was observed with olive oil
treatment. Our results are supported by reports published in
Int. J. Cancer: 144, 1180–1194 (2019) © 2018 UICC
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Figure 7. Percentage change in promoter methylation of (A) mir-143 and (B) mir-145 using Methylation sensitive-high resolution melting (MSHRM) analysis. Data are presented as Mean  SD; (n = 6). [Color ﬁgure can be viewed at wileyonlinelibrary.com]

the literature which demonstrated that DMH treatment
enhanced tumor incidence, tumor multiplicity and tumor
growth.34,35 However, Sánchez-Fidalgo et al. reported that
extra virgin olive oil fed female C57BL/6 mice showed less
tumor incidence and multiplicity, and conﬁrmed that EVOO
diet has protective/preventive effect in the Ulcerative Colitisassociated colorectal cancer.36 The results were conﬁrmed by
histoarchitectural studies that showed a clear demonstration
of inhibition of tumor growth by administration of olive oil.
Based on the results of H&E staining of the colonic tissues, it
is well documented that administration of DMH in vivo promotes colon carcinogenesis.33,35 However, Sánchez-Fidalgo
Int. J. Cancer: 144, 1180–1194 (2019) © 2018 UICC

et al. demonstrated that the number of adenocarcinomas and
high-grade dysplasia were reduced by 22% and 56%, respectively with extra virgin olive oil (EVOO) diet in dextran
sodium sulphate-treated female C57BL/6 mice. It was demonstrated that a diet rich in EVOO effectively prevented the
development of dysplasia and/or cancer in the experimental
model.36
A connection between inﬂammation and tumor development by activation of nuclear factor kappa B (NF-κB), was
suggested by Wang et al.3 Earlier, studies have reported that
constitutive NF-κB activation and its upregulation increases
the risk of colorectal cancer by triggering inﬂammatory
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Figure 6. Effects of olive oil on miRNA expression in normal control and treated rats. (A) mir-143 and (B) mir-145 expression levels by TaqMan
qRT-PCR. Data are presented as Mean  SD; (n = 6).

1190

Chemopreventive role of olive oil in colon carcinogenesis

Table 2. Correlation between mir-143/145 levels and gene expression of Caspase-3, caspase-9, NF-kB, VEGF and MMP-9

mir-143
mir-145

Caspase-3

Caspase-9

NF-kB

VEGF

MMP-9

Pearson Correlation

r = 0.9601**

r = 0.9978***

r = −0.5903

r = −0.5126

r = −0.4445

Sig. (2-tailed)

p = 0.0095

p = 0.0001

p = 0.2947

p = 0.3771

p = 0.4532

Pearson Correlation

r = 0.9038*

r = 0.8601

r = −0.8583

r = −0.7385

r = −0.6794

Sig. (2-tailed)

p = 0.0353

p = 0.0615

p = 0.0627

p = 0.1541

p = 0.2071

Correlation is significant at
*p < 0.05,
**p < 0.01,
***p < 0.001.

Table 3. Correlation between expression and promoter methylation
levels of Caspase-3, caspase-9, NF-kB, VEGF, MMP-9, mir-143 and
mir-145
Pearson Correlation

r

Sig. (2-tailed)

Caspase-3

−0.756

0.139

Caspase-9

−0.186

0.764

NF-kB

−0.924*

0.025

VEGF

−0.810

MMP-9

−0.685

0.202

mir-143

−0.294

0.631

mir-145

−0.911*

0.031

0.097
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Correlation is significant at
*p < 0.05.

pathway. Furthermore, NF-κB may contribute to the progression of CRC by regulating the expression of diverse target
genes that are involved in angiogenesis, metastasis and
invasion.37–39 On similar lines, we also observed increased
expression of NF-κB and its target genes (VEGF and MMP-9)
in DMH-treated rats at 10 and 20 weeks, while we witnessed
the decreased expressions of NF-kB, VEGF and MMP-9 with
olive oil treatment. We also validated these ﬁndings by immunohistochemical analysis and found the similar observations
with all the treatments as that observed at the gene level. It is
well documented that the promoter regions of MMP-9 and
VEGF genes possess binding sites for NF-κB, which may form
the basis for the regulation of these molecules via NF-κBmediated pathway.39–41 Therefore, these ﬁndings implicate
NF-κB inhibition as an important therapeutic target in CRC.
Various studies have reported that olive oil decreases the
expression of NF-kB in metabolic syndrome and chronic
inﬂammatory diseases. Recently, Boss et al. have provided
shreds of evidence that olive oil and its polyphenols have an
anti-inﬂammatory role in various diseases via inhibiting NFκB activation.42 Therefore, our data further validate the above
ﬁndings in context with colon carcinogenesis wherein olive oil
administration prevents inﬂammatory cascade via inhibiting
NF-κB activation in a chronic inﬂammatory disease like colorectal cancer.

Gene regulation in cancer can be disrupted either through
genetic alterations, or epigenetic alterations.43 Methylation is
the broadly studied epigenetic alteration in cancer.44 Methylation is catalyzed by DNA methyltransferase (DNMT)
enzymes,45 which play a central role in maintaining the established methylation patterns in cell division.46 Recently, Nagaraju et al. suggested that NF-κB overexpression also resulted in
overexpression of DNMT-1 in pancreatic cell lines.47 Since
DNMT-1 transcription is regulated by Sp-1/NF-κB,48 thus
NF-κB might be a better target for inhibition of DNMT-1 and
methylation. Hence, inhibition of DNMT-1 via NF-κB methylation was associated with overexpression of silenced tumor
suppressor genes. Our study is understandably the ﬁrst of its
kind that demonstrated the hypomethylation of NF-κB and its
target genes in colorectal cancer rat model. Several studies
have indicated that controlling transcription via epigenetic
modulation on the promoter of VEGF and MMP-9 genes provides a novel approach for the treatment of cancer.49,50 Shukeir et al.51 demonstrated that DNA hypomethylation controls
the activation of multiple tumor-promoting genes such as
MMP-2 and VEGF and suggested that hypermethylation therapy might be a possible approach to target the demethylation
machinery. On similar lines, we also observed hypomethylation of VEGF and MMP-9 in DMH-treated rats, while we
found that olive oil acted as a demethylation inhibitor and
suppressed the tumor growth via inhibition of tumorpromoting genes (NF-κB, VEGF and MMP-9).
In regard to the olive oil acts as a demethylating inhibitor
for NF-kB, VEGF and MMP-9, we desired to mention that
since VEGF and MMP-9 are targets of NF-kB which are demonstrated by various earlier studies, so their methylation pattern might be dependent on NF-kB levels. In this regard,
correlation studies also provide a strong evidence, where we
observed a signiﬁcantly strong negative correlation between
methylation pattern and gene expression level of NF-kB,
which may lead to the moderate inverse correlation for VEGF
and MMP-9. Since NF-kB is a master regulator and regulates
various inﬂammatory or anti-apoptotic pathways, thus its
aberrant methylation pattern modulates various factors.
DNMT-1 could be one factor that plays a major role in NFkB pathway or NF-kB regulates its downstream molecules by
DNMT-1 as suggested by the literature, thus it is worthwhile
Int. J. Cancer: 144, 1180–1194 (2019) © 2018 UICC

to explore the DNMT-1/NF-kB pathway in future studies.
However, we could not ﬁnd the exact mechanism behind the
altered methylation level of NF-kB by olive oil, but as we have
mentioned earlier, this is a ﬁrst study which mentioned the
DNA methylation level of NF-kB in colon cancer and its
hypermethylation by olive oil. Thus, our study forms a stepping stone for further elucidation of the mechanism behind
the altered methylation level of NF-kB by olive oil.
Cancer cells are believed to be resistant to treatments that
induce cell death due to different mechanisms, and one of the
mechanisms is pro-apoptotic gene silencing mediated by promoter DNA hypermethylation. The present study demonstrated that gene expression of caspase-3 and -9 was
downregulated in DMH treated rats, while the expression
levels of these genes were augmented with olive oil treatment
at 10 and 20 weeks. Similar to gene expression results, our
immunostaining data corroborated the expression and localization of caspase-3 and caspase-9 proteins in the colonic sections of controls, DMH and DMH + olive oil treated rats. The
loss of expression of caspases in colorectal cancer was well
documented by various in vitro and in vivo studies. However,
a study by Odabasoglu et al. demonstrated the pro-apoptotic
role of olive oil by activation of caspase-2, −3, −8 and − 9 in
Ti-implanted rabbits.52 Moreover, they provided an evidence,
which showed that besides caspase-dependent mechanism,
olive oil-induced apoptosis was also caused by its antioxidant
property. Recently, Leong et al. revealed that a natural product
(Aglaia exima) triggered apoptosis by activation of caspase
cascade and inhibiting NF-kB translocation in colon cancer
cell lines.53 The plausible reason behind the above ﬁndings
might be the NF-κB promoted cell survival by blocking the
caspase cascade via anti-apoptotic genes4 or anti-apoptotic
members of the Bcl family that inhibit cytochrome c release
which further blocks the intrinsic apoptotic pathway.5 Besides
the above mechanisms, caspase expression may be impaired
by epigenetic alterations such as promoter hypermethylation,
thus hypermethylation appears to be a primary mechanism of
disabling the caspase cascades in tumors.54 Recently, Hervouet
et al. 55 in an in vitro study also showed that Decitabine
5-azacytidine, a demethylating agent, reversed the process of
hypermethylation on caspase-9 promoter resulted in the initiation of apoptosis. The present data also indicated the
demethylating activity of olive oil, which resulted in a reexpression of these genes, in rat colon, which further veriﬁed
by correlation studies, indicating the inverse relationship
between methylation and gene expression of caspases. Thus, it
is a signiﬁcant ﬁnding with regard to chemoprevention activity of olive oil, which has not been reported, earlier.
We wish to mention that there are ample of studies which
focused on the chemopreventive activity of olive oil, mainly
epidemiological studies. Since olive oil is an important dietary
factor in Mediterranean diet, and there is some evidence which
indicates that the incidence rate of colorectal cancer is much
lower in Mediterranean countries as compared to Northern
Int. J. Cancer: 144, 1180–1194 (2019) © 2018 UICC
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countries such as USA and UK.56 Recently, some case–control
studies revealed that Mediterranean diet reduced the risk of
colorectal cancer and lowered the mortality rate.57–59 Moreover,
a clinical trial reported in JAMA Internal Medicine revealed
that Mediterranean diet supplemented with extra virgin olive
oil showed a 62% lowered risk of breast cancer.60 However,
very few studies have been undertaken in exploring the molecular mechanism behind the anti-cancer activity of olive oil. Promoter methylation is one of those mechanisms which are not
successfully elucidated yet in regard to olive oil. As we discussed that olive oil modulates hypermethylation of tumor suppressor genes (caspase-3 and caspase-9) and acts as a
demethylating agent, it must be through the NF-kB-mediated
inhibition of DNMT-1 by preventing NF-kB activation and further restoring the expression of tumor suppressor genes. Unfortunately, we did not check the methylation level and
transcriptional expression of DNMT-1, as our study was mainly
focused on the analyses of various inﬂammatory and apoptotic
markers, though we did rely on literature in regard to the role
of DNMT-1/NF-kB in methylation.
Beside methylation, miRNA dysregulation is strongly associated with colon carcinogenesis.61 Recently, Chen et al.
revealed the differentially expressed miRNAs which are consistently deregulated in colorectal cancer. miR-143 and miR145 were one of those miRNAs which showed signiﬁcantly
decreased expression in CRC tissues as compared to normal
tissues.62 Similarly, we also observed the signiﬁcant downregulation of miR-143 and miR-145 in colons of DMH treated
rats, while the expression of these miRNAs was restored upon
olive oil treatment. These results are also supported by a number of other studies reported in literature, which determined
that levels of miR-143 and -145 are downregulated in colon
cancer cell lines and CRC patients,63,64 though the transient
overexpression of these miRNAs was associated with
increased caspase −3, −8 and − 9 activities and decreased
extracellular-regulated protein kinase 5, nuclear factor-kB and
Bcl-2 protein expression.65,66 Similarly, we also observed the
positive correlation between mir-143/145 and caspase-3/9,
which strongly indicated that upregulation or downregulation
of these tumor suppressor miRNAs is directly related to
increase or decrease of caspases. Moreover, the negative correlation was observed between mir-143/145 and NF-κB or its
target genes (VEGF and MMP-9), showed the inverse relationship between them. The mechanism involving the downregulation of these miRNAs may be the transactivation of
mir-143 and mir-145 from NF-κB and p53 transcriptional factors respectively as suggested by Zhang et al. and Feng
et al.66,67 It is likely that olive oil also modulates the NF-κB/
p53 pathway which may result in mir-143 and -145 reexpression leading to its chemopreventive activity. Recently, it
has been demonstrated by some in vitro studies that restoring
the expression of miR-143 and mir-145 induced the tumor
cell sensitization to various chemotherapeutic drugs and the
up-regulation of these tumor suppressor miRNAs inhibited

Cancer Therapy and Prevention

Nanda et al.

1192

Chemopreventive role of olive oil in colon carcinogenesis

methylation level provided a therapeutic potential.71,72 Donzelli
et al. observed the hypermethylation on miR-145 promoter
which further led to its downregulation in brain metastasis.73
Moreover, miRNA silencing mediated by aberrant promoter
DNA methylation can potentially be reversed by hypomethylating agents, and hence may present a new therapeutic target in
cancer.74 Since, we also observed a signiﬁcant inverse correlation between promoter methylation and mir-145 expression,
which conﬁrmed that aberrant hypermethylation of this tumor
suppressor miRNA may trigger its downregulation, which further reversed by olive oil treatment. However, very few studies
are reported in the literature on the effect of chemopreventive
agents involving miRNA expression modulated by aberrant
DNA methylation, thus our study is ﬁrst of its kind to unravel
the regulatory role of methylation on miRNA expression. But
further studies are needed to substantiate this line of the suggested mechanism.

Cancer Therapy and Prevention

Figure 8. Hypothetical model represents genetic and epigenetic
approach of olive oil to prevent colon carcinogenesis. [Color ﬁgure
can be viewed at wileyonlinelibrary.com]

the colon cancer cell proliferation and cell cycle progression.68,69 These reports suggested that restoring the levels of
miR-143 and miR-15 could potentially be used as therapeutic
signatures for colon cancer therapy.
In our study, we also understand the dysregulation of
microRNA regulatory network in cancer and observed the
hypermethylation of microRNAs that undergo silencing in
colorectal cancer. Various reports indicate that transcriptional
silencing of microRNAs may be related to the aberrant DNA
methylation of a CpG island of 50 regulatory regions located in
the host gene 50 UTR.70 Recent studies demonstrated that promoters of tumor suppressor miRNAs were aberrantly hypermethylated in different cancers, which lead to the silencing of
miRNA expression and further its restoration by decreasing

Conclusions
The current study revealed the potential effect of olive oil in
preventing the colon carcinogenesis by unraveling the mechanisms involved in an aberrant epigenetic pattern in experimental animals. The mode of action of olive oil may involve
inhibition of NF-κB mediated pathway and restoration of apoptotic pathway via regulation of miRNAs and methylation
pattern as proposed in Figure 8. Thus, the current ﬁndings
open up a new vista for epigenetic approach by targeting noncoding RNAs and other epigenetic mechanisms with the dietary intake to control incipient malignancy.
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