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ד”ר רות שמר ועופרה סבג
המחלקה לביולוגיה התפתחותית 

וחקר הסרטן

הורשת מערך המתילציה.

 המתילציה משמשת רבות 
לסימון .

המתילציה משמשת למניעת
 תהליך מסוים, כגון שעתוק: 

מתילציה של נוקלאוטיד
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Compound K suppresses DNMT1 activity by inhibiting the 
ERK pathway. Lu et al (21) reported that the ERK pathway 
might regulate DNA methylation in colon cancer cells. In 
the present study, compound K-treated cells showed the 
decreased levels of phospho-ERK (active form) (Fig. 6A), and 
the decreased ERK activity by ERK1 siRNA led to reduced 
DNMT1 protein levels (Fig. 6B). However, siDNMT1 did 
not inhibit ERK expression (data not shown), indicating that 
ERK acts upstream of DNMT1. The siERK1 or siDNMT1 
results showed that the methylation status in RUNX3 
promoter decreased and the unmethylation status increased, 
which was enhanced by compound K (Fig. 6C). These data 
are consistently RUNX3 protein expression in siERK1 or 
siDNMT1-transfected cells with compound K treatment 
(Fig. 6D). The combination of compound K treatment with 
siERK1 or siDNMT1-transfection decreased cell viability 
(Fig. 6E).

Discussion

This study shows that the ginseng saponin metabolite, 
compound K, actively regulates cell growth in HT-29 cells. 
Most importantly, the results show that compound K can 
reactivate a silenced tumor suppression gene by inhibiting 
DNMT1 protein expression and activity. Interestingly, 
the effects of compound K were similar to those achieved 
using the clinically-used compound, 5-Aza (49,50), a potent 
but toxic synthetic DNMT inhibitor. Moreover, these find-
ings are comparable with those observed for non-toxic 
nutriceuticals, such as tea catechins, soy bioflavonoids, and 
apple polyphenols, each of which can modulate DNMT1 
protein levels (51-53). Compound K is an active metabolite of 
ginsenosides that exhibits antitumor effects against various 
types of cancer cells, including HT-29 colorectal cancer 
cells (34-40,46).

Figure 7. Proposed model of RUNX3 re-expression by compound K, wherein compound K reverses DNA methylation and RUNX3 gene silencing. (A) Model of 
inhibition of transcription directed by methylation of CpG islands in gene promoter regions. (B) Proposed model of control of gene repression by compound K, 
wherein compound K reverses DNA methylation and gene silencing.

DNMT inhibitors can prevent as well as reverse the 
inactivation of key tumor suppression genes or  
receptor genes induced by hypermethylation. 

EGCG- polyphenols from tea. 
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Abstract. Hypermethylation of runt-related transcription 
factor 3 (RUNX3) promoter regions occurs in at least 65% of 
colorectal cancer cell lines. Compound K, the main metabo-
lite of ginseng saponin, induced demethylation of a RUNX3 
promoter in HT-29 human colorectal cancer cells, assessed by 
methylation-specific PCR and the quantitative pyrosequencing 
analysis. The demethylation of RUNX3 in compound K-treated 
cells resulted in the re-expression of RUNX3 mRNA, protein 
and the localization into the nucleus. Demethylation of the 
RUNX3 gene by compound K occurred via inhibition of the 
expression and activity of DNA methyltransferase 1 (DNMT1). 
Compound K also significantly induced RUNX3-mediated 
expression of Smad4 and Bim. DNMT1 inhibitory activity 
by compound K was related to extracellular signal-regulated 
kinase (ERK) inhibition, assessed by siRNA transfection on 
DNMT1 and ERK. In conclusion, compound K significantly 
inhibits the growth of colorectal cancer cells by inhibiting 
DNMT1 and reactivating epigenetically-silenced genes. 
Ginseng saponin is a potential candidate as DNMT1 inhibitor 
in the chemoprevention of cancer.

Introduction

Colorectal carcinoma (CRC) is one of the most common and 
well-studied malignancies in the Western world. The disease 
is thought to originate in multi-potential stem cells located in 
the intestinal crypts; (non-) polypoid precursor lesions initiate 
from these cells, and metastatic CRC can develop (1,2). The 
histological progression of colorectal carcinogenesis is charac-
terized by sequential genetic (3) and epigenetic alterations (4,5). 
To date, intensive efforts have been made by scientists to find 
a provocative factor of this major cancer; many epidemiologic 

studies indicate that a Western-style diet is associated with a 
high incidence of CRC (6,7).

The development of CRC is usually described as a multistep 
model, in which the accumulation of genetic and epigenetic 
events mediates the adenoma-carcinoma sequence (8). The 
accumulation of mutations is driven through distinct path-
ways by different types of genomic instability, chromosomal 
instability and microsatellite instability (9). Additionally, 
an epigenetic pathway has been proposed, in which tumor 
suppressor genes are inactivated by promoter methylation and 
silencing of gene transcription (10).

Runt-related transcription factor 3 (RUNX3) belongs to 
the RUNX family of genes, which is important in mammalian 
development and neoplasia (11-13). RUNX3 cooperates with 
Sma and Mad related family 3 (Smad3)/Smad4 to activate 
transforming growth factor-β (TGF-β)-dependent growth 
inhibition and apoptosis by inducing p21 and Bim (14). The 
RUNX3 gene is localized to the 1p36 locus and is linked with 
gastric epithelial homeostasis and gastric carcinogenesis. The 
1p36 region is thought to harbor at least one tumor suppressor 
gene, since this region exhibits frequent loss of heterozygosity 
in colon, gastric, breast and ovarian cancers (15). Additionally, 
the introduction of a normal human 1p36 chromosome 
fragment into colon cancer cells suppresses their tumorige-
nicity (16). Interestingly, a considerable proportion of gastric 
cancers do not express RUNX3 due to hemizygous deletion 
and hypermethylation of the RUNX3 promoter region (17). 
Hypermethylation of the RUNX3 promoter occurs in 21% of 
colon cancer specimens and at least 65% of colon cancer cell 
lines, suggesting that RUNX3 has a tumor suppressive func-
tion in CRC (18).

The regulation of DNA methylation is not well understood, 
but involves DNA methyltransferases (DNMTs), which cata-
lyze the transfer of methyl groups to the carbon-5 position of 
cytosines in phosphodiester bond between the cytosine and 
the guanine (CpG) islands. Three active DNMTs have been 
identified in mammals, DNMT1, DNMT3A and DNMT3B. 
DNMT1 is largely responsible for maintaining methylation, 
and contributes to de novo DNA promoter methylation in 
cancer (19). Some models suggest that DNMT3B cooper-
ates with DNMT1 to maintain DNA methylation status (20). 
Epigenetic changes by DNMTs are highly relevant to colon 
carcinogenesis; as such, they represent a target for novel strate-
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Abstract: Major research progress in the last few decades has elucidated the complex nexus between nutrition and health. 

Diet and lifestyle influence epigenetic changes that are heritable. However, a statement of reservation is needed here, viz. 

that it is often difficult to distinguish between epigenetic changes that are inherited from one generation to the next and 

true mutations, for instance in mitochondrial DNA. The last topic is a big one in its own right and will not be further dis-

cussed in this article. Epigenetic changes induced by dietary nutrients ultimately culminate in changes of the expression of 

genes through transcription and translation. The interaction between dietary nutrients and nuclear receptors triggers the 

signaling pathway, leading to modulation of epigenetic change and gene expression. Knowledge about nuclear receptors is 

important for explaining dietary modulation of transcription via recruitment of large protein complexes. These proteins 

are capable of causing modification of chromosomal components, can influence chromatin proteins, and affect the binding 

of proteins to particular parts of the DNA molecules controlling the expression of individual genes. Chromatin complexes 

between DNA and proteins can be destabilized by recruitment of transcriptional coactivators by histone acetylation. How-

ever, in the presence of hormone antagonists or in the absence of relevant ligands, recruitment of other cellular core pro-

teins may stabilize chromatin by their influence on histone deacetylases, thus antagonizing the effect of enzymes causing 

histone acetylation. This article reviews the current knowledge on nutritional modulation of bioactive molecules by epige-

netic changes, if they can regulate genetic expressions. The molecular mechanism of action of various dietary nutrients on 

gene expression mediated by nuclear receptors is also discussed. 

Keywords: Diet, nutrition, epigenetic changes, gene expression, transcription, nuclear receptors. 

INTRODUCTION 

 Dietary and lifestyle factors can interact with genes and 

may have a negative impact of health that can predispose for 

the development of non-communicable diseases (NCDs), 

such as cardiovascular diseases (CVDs), type 2 diabetes and 

cancer, for which prevention is a global priority, while other 

nutrients and lifestyle factors can have an opposite, protec-

tive effect [1, 2]. Recent studies conducted in the last few 

decades have emphasized the role of nutrition in health and 

prevention of NCDs. Nutrients that are available extracellu-

larly are important determinants of eukaryotic cell growth 

and growth of the whole organism, since several different 

nutrient deficiencies can lead to inhibition or serious distur-

bance of growth and development at both levels. It is well 

established that nutrients can influence the expression of 

genes controlling metabolic processes via signal transduction  
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through several different transcriptional signal cascades and 

networks, despite still insufficient knowledge about all cellu-

lar mechanisms that mediate these effects. The body needs a 

prudent diet composition to be healthy without premature 

development of NCDs. The diet provides nutrients to various 

body systems that are needed for normal metabolism and 

optimal physiological functions, including intestinal func-

tion, cellular growth and DNA repair. The amount and qual-

ity of food has dramatic effects on processes at a molecular 

level in the cells. 

 Epigenetics is the science that aims to study quasi-

heritable, but reversible changes in gene function. There is 

no change in the nucleotide sequence of the DNA molecules; 

however, gene function is not only determined by the DNA 

sequence and code, but also by epigenetic phenomena. Re-

cent evidence has provided further proof that environmental 

factors, including diet and nutrients, can influence cell-

signaling pathways that control normal physiological growth 

as well as the growth of cancer cells by directly influencing 

gene expression. Epigenetic mechanisms are important de-

terminants for activation or repression of gene expression 
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Fig 2. Schematic representation of miRNAs responsible for 
the leaf developmental stages. 
 
miRNA expression profiling platforms for detection of less 
abundant miRNAs, namely the TaqMan and miRCURY the 
mercury platform proved better due to its better sensitivity 
and linearity in the low miRNA concentration range.  Wang 
et al. (2012) conducted a comparative miRNAome analysis 
which revealed seven fibers initiation-related and 36 new 
miRNAs in developing cotton ovules. And, recently Shao et 
al. (2012) reported a reversed framework for the 
identification of microRNA-target pairs in plants. 
 
Biogenesis 
 
Bartel (2004), Kurihara and Watanabe (2004), Lee et al. 
(2002) and Zhang (2005) showed that microRNA biogenesis 
requires multiple steps in order to form mature miRNAs from 
miRNAs genes (Fig. 1). First, a miRNAs gene is transcribed 
to a primary miRNAs (pri-miRNA), which is usually a long 
sequence of more than several hundred nucleotides. Like 
transcription of most protein-coding genes, the miRNAs 
transcription is governed by RNA polymerase II (Pol II) 
enzymes, and the pri miRNAs are 5c -capped and 3c-
polyadenylated (Lee et al., 2004; Bartel, 2004; Kurihara and 
Watanabe, 2004; Xie et al., 2005). Bioinformatics analysis of 
the sequence regions upstream of the transcription start sites 
of the miRNAs genes identified putative binding motifs for a 
number of known transcription factors (Megraw et al., 2006). 
Second, the pri-miRNA is cleaved to a stem loop 
intermediate called miRNAs precursor or pre-miRNAs. This 
step is controlled by the enzyme Dicer like 1 (DCL1) in 
plants (Kurihara and Watanabe, 2004; Tang et al., 2003). 
Plant miRNAs are cleaved into miRNAs: miRNAs* duplex 
possibly by DCL1 in the nucleus (Papp et al., 2003; Bartel, 
2004) and is assisted by two other proteins, hyponasty 
leaves1 (HYL1) and serrate (SE). HYL1 belongs to a family 
of double-stranded RNA (dsRNA) binding protein and 
interacts with DCL1 in vitro and in vivo (Lu and Fedoroff 
2000; Hiraguri et al., 2005; Kurihara et al., 2006). SE, a 
C2H2 zinc finger protein, interacts with DCL1 and HYL1 
and plays a role in the processing of pri-miRNAs to 
precursor-miRNAs (Pre-miRNAs) (Lobbes et al., 2006; Yang 
et al., 2006). After the miRNAs/miRNAs* duplexes are 
released from the pre-miRNAs by the DCL1 activities, they 
are methylated at the 2c OH of the 3c-ends by HUA 
enhancer1 (HEN1), a small RNA methyl transferase (Yu et 
al., 2005; Yang et al., 2006). This enzyme has two dsRNA-
binding domains and a nuclear localization signal. The 
methylation of the miRNAs/miRNAs* duplex has been 
shown to be required to protect miRNAs against the 3c-end 
uridylation activity and subsequent degradation (Li et al., 

2005). The duplex is then translocated into the cytoplasm by 
nucleocytoplasmic transporter 1 (HASTY) (Park et al., 2002). 
In the cytoplasm, miRNAs are converted into single strand 
mature miRNAs by helicases (Bartel, 2004). The methylated 
miRNAs/miRNAs* duplexes undergo RNA Induced 
Silencing Complexes RISCs assembly. RNA interference is 
mediated by a family of ribonucleoprotein complexes called 
RNA-induced silencing complexes (RISCs), which can be 
programmed to target virtually any nucleic acid sequence for 
silencing. The ability of RISC to locate target RNAs has been 
co-opted by evolution many times to generate a broad 
spectrum of gene-silencing pathways.  In this process, the 
miRNAs of the duplexes is selectively incorporated into the 
RISC, and the miRNAs* is removed and subsequently 
degraded (Hammond et al., 2000; Hutvagner and Zamore 
2002; and Schwarz et al., 2003). Finally, the mature miRNAs 
enter a ribonucleoprotein complex known as the RNA-
induced silencing complex (RISC) which contains Argonaut 
proteins as the core components, (Hammond et al., 2000) and 
regulate targeted gene expression (Bartel, 2004). microRNA 
biogenesis is under feedback regulation such that the genes 
involved in miRNAs biogenesis and function are themselves 
regulated by miRNAs. The Dicer-Like 1 (DCL1) gene may 
be regulated by the status of miRNAs biogenesis by two 
different mechanisms. First, DCL1 mRNA has a binding site 
for miR162, which leads to the cleavage of DCL1 mRNA 
(Xie et al., 2003). Consistent with this, DCL1 mRNA levels 
are elevated in the hen1 mutant, in which the abundance of 
miR162 is reduced. Second, the 14th intron of the DCL1 gene 
appears to harbor the precursor to miR838. The AGO1 
(Argonaut) gene encoding the main miRISC component is 
also under the regulation by a miRNAs. miR168 has a 
binding site in AGO1 mRNA and leads to AGO1-mediated 
cleavage of AGO1 mRNA (Vaucheret et al., 2004). 
Therefore, the amount of functional miR168 bound by AGO1 
determines the levels of AGO1 mRNA. In addition, miR168 
and AGO1 genes are transcribed in a similar pattern, which 
probably ensures that AGO1 is under the regulation of 
miR168 at all times and in all the cells that express AGO1.  
 
Small RNA metabolism 
 
MicroRNAs are known to target genes involved in the 
metabolism of small RNAs such as miRNAs and small 
interfering RNA (siRNA), RNA molecules of short length, or 
function. DCL1 contains a binding site for miR162, the 
binding of which leads to decreased DCL1 mRNA levels 
(Xie et al., 2003). The AGO1 gene that codes for a RISC 
component is targeted by miR168 (Vaucheret et al., 2004). 
AGO2, another Argonaut gene, contains a binding site for 
miR403 in its 3’UTR (Allen et al., 2005). The regulation of 
small RNA machinery by small RNAs indicates that the 
regulation may be under a feedback control.  
 
Functions of plant miRNAs 
 
Plant development leads to numerous cell, tissue and organ 
types. The detailed mechanisms governing organogenesis, 
particularly in plants, remain largely elusive. One way to 
approach organogenesis at the functional level is to 
genetically dissect the process and to study systematically a 
large number of mutants. The primary growth of a plant is the 
result of several processes that can be grouped into two 
distinct, but co-ordinated morphogenetic events: 
organogenesis and extension (Champagnat et al., 1986). The 
roots develop along a different path giving rise to many 
lateral roots and a main root which develops into stele. Stele 
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Nutri-‐epigenetics

oolong tea. Tea polyphenols, namely the catechins found in
abundance in green tea, have been shown to reduce the risk of
various diseases, including cancer. (−)-Epicatechin (EC), (−)-
epicatechin-3-gallate (ECG), (−)-epigallocatechin (EGC), and
(−)-epigalocatechin-3-gallate (EGCG) are four major catechins
present in green tea; EGCG constitutesmore than 50%of the total
catechin isolated from green tea and has been widely studied for its
anticancer effects.Green tea polyphenols have been shown to exert
anticancer effects by a number of different mechanisms, including
the inhibition of cellular proliferation by induction of cell cycle
arrest and apoptosis, and the suppression of oxidative stress,
angiogenesis, invasion, and metastasis (20).

Epigenetic aberrations, such as polycomb group (PcG)
protein-dependent histone methylation, class-I HDACs de-
pendent deacetylation of histones and some non-histone
proteins, and ubiquitination, drive chromatin compaction,
and have been shown to reduce tumor suppressor function
and increase cancer cell survival; evidence suggests that green
tea polyphenols exert their anticancer effects by correcting
these epigenetic alterations in cancer cells. Studies with
structural analogues of EGCG suggested that D- and B-ring
structures of tea polyphenols were important to the inhibition
of DNMT activity; molecular modeling supported this con-
clusion, and suggested that EGCG can form hydrogen bonds
with Pro(1223), Glu(1265), Cys(1225), Ser(1229), and
Arg(1309) within the catalytic pocket of DNMT. All green

tea catechins have been found to inhibit DNMT1 to various
extents, with IC50 values ranging from 210 to 470 nM. In vitro
analysis has shown that catechol-containing polyphenols
inhibit DNMTs by (a) increasing the formation of the potent
noncompetitive inhibitor, S-adenosyl-L-homocysteine
(SAM), caused by o-methylation of SAM by the catechol-O-
methyltransferase enzyme; (b) directly inhibiting the activity
of dihydrofolate reductase enzyme, disrupting the folate cycle
and increasing SAM levels; and (c) directly inhibiting
DNMTs, independent of methylation status. Inhibition of
DNMTs ultimately results in DNA hypomethylation and re-
expression of proto-oncogenes or other repressed genes (21).

Inhibition of DNA methylation by a commonly con-
sumed dietary constituent was first demonstrated in the
human esophageal cancer cell line, KYSE510, a cell line
exhibiting loss of tumor suppressor gene p16, RARβ,
MGMT, and hMLH1 mRNA expression due to promoter
hypermethylation. Treatment of KYSE510 with 5–50 μM
EGCG for 6 days led to a reversal of hypermethylation and
re-expression of tumor suppressor gene mRNA and protein,
similar in effect to classical DNMT inhibitors, 5-aza-2′-
deoxycytidine (5-Aza-dC) and zebularine. Similar results
were also observed in HT-29 human colon cancer cells and
PC-3 prostate cancer cells (22). Treatment of LNCaP human
prostate cancer cells with 1–10 μg/ml of GTP for 1–7 days
caused a dose- and time-dependent re-expression of GSTP1,

Fig. 1. Epigenetic pathways affected by plant phytochemicals. Numerous pathways are deregulated in cancer cells. Major epigenetic mechanisms that
regulate gene expression areDNAmethylation, alterations in the chromatin structure by post-translational modification of histones, andmiRNAswhich can
either degrademRNAsormodulate their translationprocess. Plant phytochemicals have shown to affect epigenetic pathways. demonstrates regulation;

demonstrates inhibition
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