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Abstract. Reactivation of tumour suppressor genes 

that have been silenced by promoter methylation is a 

very attractive molecular target for cancer therapy. 

The treatment of a squamous cervical cancer cell 

line, SiHa, with 20 µM curcumin and genistein re-

sulted in demethylation of promoter of the RARβ2 

gene and led to the reactivation of the gene. The de-

gree of methylation as observed by MSP decreased 

as the time period of treatment was increased from 

72 h to 6 days. In HeLa cells (an adenocarcinoma 

cervical cancer cell line) there was also reversal of 

hypermethylation of the RARβ2 gene after six days 

of treatment with 20 µM curcumin. However, allyl 

sulphide treatment (20 µM) did not cause the revers-

al of hypermethylation until 72 h of treatment in the 

SiHa cell line. This is the first report to show the re-

versal of hypermethylation of the RARβ2 gene by 

genistein and curcumin in cervical cancer cell lines. 

Furthermore, these compounds acted as double-

pronged agents as they caused apoptosis in the treat-

ed cervical cancer cell lines in addition to reversal of 

promoter hypermethylation. 

Introduction

Epigenetic silencing of tumour suppressor genes is 

emerging as a well-established oncogenic process and 

reactivation of tumour suppressor genes that have been 

silenced by promoter methylation is a very attractive 

molecular target for cancer therapy (Gonzalez et al., 

2005). There are several demethylating agents cur-

rently being evaluated in preclinical and clinical studies. 

5-aza-cytidine and 5-aza-2-deoxycytidine are the most 

studied and were developed over 30 years ago as classi-

cal cytotoxic agents, but were subsequently discovered 

to be effective DNA methylation inhibitors. Zebularine 

is a new oral cytidine that has been shown to cause 

demethylation and reactivation of the silenced and hy-

permethylated p16 gene (Angeles et al., 2005). Some 

other drugs such as procainamide and hydralazine are 

also in different stages of trial (Gonzalez et al., 2005).

As most of the synthetic compounds may have cyto-

toxic effects, the focus is on natural products for the epi-

genetic reversal. Phytochemicals derived from fruits and 

vegetables, referred to as chemopreventive agents, in-

clude genistein, diallyl sulphide, S-allyl cysteine, allicin, 

lycopene, curcumin, 6-gingerol, ursolic acid, silymarin, 

anethol, catechins and engenol (Dorai and Aggarwal, 

2004). These chemopreventive agents have potential to 

be used as adjuncts to current cancer therapies (Dorai and 

Aggarwal, 2004). Epigallocatechin-3-gallate (EGCG) 

has been shown to cause demethylation of the CpG is-

lands in the promoters and reactivation of methylation-

silenced genes such as p16INK4a, retinoic acid receptor ß, 

O6-methylguanine methyltransferase, human mutL ho-

mologue 1, and glutathione S-transferase-π in human 

oesophageal, colon, prostate, and mammary cancer cell 

lines (Fang et al., 2003). The demethylating activity can be 

enhanced by the presence of histone deacetylase inhibitors 

or by longer-term treatment (Fang et al., 2003; 2007). 

Soy-derived genistein and lycopene from tomato 

have been shown to alter gene expression in ways that 

can either promote or potentially inhibit the carcinoge-

nic processes in breast cancer cell lines. Both genistein 

and lycopene, at very low, dietarily relevant concentra-

tions can potentially mitigate tumorigenic processes via 

promoter methylation modulation of gene expression 

(King-Batoon et al., 2008). Not much data is available 

on reversal of promoter hypermethylation by natural 

compounds in cervical cancer cell lines.
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Material and Methods

Material 
The cervical cancer cell lines, SiHa and HeLa, were 

procured from the National Centre for Cell Sciences 

(Pune, India). Curcumin and allyl sulphide were pur-

chased from Acros Organics (Fair Lawn, NJ). Genistein 

and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-

lium bromide (MTT) were obtained from HiMedia 

(Mumbai, India). 5-aza-2-deoxycytidine and trizol rea-

gent were obtained from Sigma Chemicals (Pvt) Ltd. 

(St. Louis, MO).

Culture of cell lines
SiHa and HeLa cell lines were cultured according to 

standard protocols (Freshney, 1994). Briefly, the cells 

were cultured in RPMI 1640 supplemented with 10% 

heat-inactivated FBS in 5% CO
2 
at 37 °C. The cells were 

re-supplemented with fresh medium and test compounds 

every 48 h.

Cytotoxicity of chemopreventive agents
The cytotoxicity of curcumin, genistein and allyl sul-

phide was studied on the cervical cancer cell lines by the 

MTT method (Heckenkamp et al., 1999). MTT assay 

was carried out to estimate cell viability after treatment 

with the test compounds. Briefly, the cells were cultured 

in 96-well plates at a density of 2.5 × 104 cells per well 

in the presence of the above-mentioned compounds. Af-

ter incubation for 48 h, MTT dissolved in PBS was add-

ed to each well at a final concentration of 5 mg/ml and 

then incubated at 37 °C and 5% CO
2
 for 2 h. The water-

insoluble dark blue formazan crystals that formed dur-

ing MTT cleavage in actively metabolizing cells were 

dissolved in DMSO. The optical density was read by a 

microplate reader at a wavelength of 570 nm.

Morphological changes
Morphological changes in SiHa cells were observed 

through a phase-contrast microscope after 24 h of treat-

ment with curcumin and genistein and allyl sulphide at 

IC
50

 values along with proper controls. 

Ethidium bromide staining

SiHa cells were stained with ethidium bromide 

(100 µg/ml) after treatment with different natural com-

pounds (50 µM) for 96 h and observed under a fluores-

cence microscope. 

DNA fragmentation assay
1 × 106 cells were treated with curcumin and genis-

tein at the IC
50

 values for 48 h. Cellular DNA of treated 

cells was extracted from the cells according to Gong’s 

modified method (Gong et al., 1994). Briefly, treated 

and untreated cells were trypsinized with 0.25% trypsin 

and collected by centrifugation (200 g, 10 min), washed 

twice in cold PBS (10 mM) and resuspended in hypot-

onic lysis buffer (5 mM Tris, 20 mM EDTA, pH 7.4 ) 

containing 0.5% Triton X-100 for 30 min at 4 °C. The 

lysates were centrifuged at 13,000 g for 15 min at 4 °C. 

DNA was extracted from the supernatant with equal vol-

ume of phenol-chloroform-isoamylalcohol, precipitated 

by addition of two volumes of absolute ethanol and 0.1 

volume of 3 mM sodium acetate and treated with RNase 

A (500 U/ml) at 37 °C for 3 h. The pattern of fragmenta-

tion was analysed on 1.5% agarose gel. 

Methylation-specific PCR (MSP)
The effect of curcumin, genistein and allyl sulphide 

on the promoter hypermethylation of the RARβ2 gene in 

the SiHa cell line was monitored by MSP (Lee et al., 

2005) after treating the cells with natural compounds at 

20 µM concentration for different time intervals, i.e. 48, 

72 h and six days. The HeLa cell line was exposed to 

20 µM curcumin for six days before conducting MSP 

for the RARβ2 gene. DNA extracted from the cell lines 

(Hoque et al., 2004) was modified with sodium bisul-

phite and MSP was carried out (Herman et al., 1996) 

using specific primers for methylation and unmethyla-

tion for the RARβ2 gene (Table 1).The annealing tem-

perature used for MSP was 62 °C. 5-aza-2-deoxycytidine, 

a known demethylating agent, was used as a positive 

control.
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Table 2. Primer Sequence for RT-PCR

Gene Primer Sequence for RT-PCR Annealing (°C ) Cycles Product size (bp)

RARβ2 Forward:5’- GACTGTATGGATGTTCTGTCAG-3’ 61 °C 35 256
 Reverse: 5’- ATTTGTCCTGGCAGACGAAGCA-3’

β actin Forward: 5’- GTGGGCCGCTCTAGGCACCA- 3’ 61 °C 35 245
 Reverse: 5’- GGTTGGCCTTAGGGTTCAGGGGGG- 3’

Table 1. Primer Sequence for MSP

Gene Primer Sequence for MSP Annealing (°C ) Cycles Product size (bp)

RARβ2 M Forward: 5’- TCGAGAACGCGAGCGATTCG -3’ 62 °C 35 146
 M Reverse: 5’- GACCAATCCAACCGAAACGA -3’
 U Forward: 5’- TTGAGAATGTGAGTGATTTGA -3’
 U Reverse: 5’- AACCAATCCAACCAAAACAA -3’
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RT-PCR

RNA was isolated from the treated and untreated 

SiHa and HeLa cells after six days using trizol reagent. 

An equal amount of RNA was used to synthesize cDNA 

using the RevertAid first-strand cDNA synthesis kit 

(Fermentas, Glen Burnie, MD). RT-PCR was carried out 

to check the alteration in the level of mRNA expression 

after the treatment with curcumin, genistein and 5-aza-

2-deoxycytidine using primers as given in Table 2. 

β actin was used as the internal control.

Results 

The IC
50

 values of curcumin and genistein in SiHa 

cells were found to be nearly 50 and 80 µM, respec-

tively, by the MTT assay. In case of allyl sulphide, no 

cytotoxicity was found as the optical density values 

were more or less similar to the control until 1000 µM 

concentration. Hence, allyl sulphide treatment was given  

at 50 µM concentration. The IC
50

 value of curcumin was 

observed to be 50 µM in HeLa cells (Fig. 1).

The morphological studies and ethidium bromide 

staining showed that curcumin and genistein treatment 

resulted in formation of apoptotic bodies in SiHa cells. 

Allyl sulphide treatment didn’t show any characteristics 

of apoptosis (Fig. 2, Fig. 3). Similarly, the morphologi-

cal studies in HeLa cells also showed formation of ap-

optotic bodies after the treatment with curcumin (Fig. 

2). Internucleosomal DNA fragments were observed 

only in curcumin- and genistein-treated SiHa cells. Allyl 

sulphide treatment was unable to produce any fragment. 

Internucleosomal fragments were also observed in cur-

cumin-treated HeLa cells (Fig. 4).

Treatment with 20 µM of genistein or curcumin re-

sulted in reversal of the methylation status of the RARβ2 

gene after 72 h (Fig. 5A) and this demethylation was 

observed to increase as the time period of treatment was 

increased to six days (Fig. 5B). This was corroborated 

by the appearance of unmethylation-specific band 

(UMSB) after the treatment with the test compound for 

six days (Fig. 5C). Genistein treatment resulted in a 

higher level of mRNA expression as compared to curcu-

min in SiHa cells (Fig. 6). The result obtained with SiHa 

cells was similar to the result obtained in the HeLa cell 

line, which showed the reversal of hypermethylation af-

ter the treatment with 20 µM of curcumin (Fig. 7). 

Discussion

Much of the contemporary research is focused on the 

study of epigenetic changes resulting in many types of 

neoplasia and their possible reversal using natural com-

pounds since, unlike genetic changes, the epigenetic 

changes such as DNA methylation can be reversed.

MSP was carried out using methylation-specific prim-

ers to check the ability of natural compounds to cause 

reversal of hypermethylation (Herman et al., 1996). 

Fig. 1. MTT assay to estimate cell viability after the treatment of SiHa cells with (A) curcumin, (B) allyl sulphide, and 

(C) genistein for 48 h. (D) MTT assay after treatment of HeLa cells with curcumin for 48 h
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Fig. 2. (i) Morphological changes observed in SiHa cells after 24 h. (A) control, (B) curcumin treatment, (C) genistein 

treatment at IC
50

 values, and (D) allyl sulphide (50 µM) treatment under a phase-contrast microscope (10×)

(ii) Morphological changes observed in HeLa cells after 24 h. (E) control, (F) curcumin treatment at IC
50

 value

Fig. 3. Ethidium bromide (100 µg/ml) staining of SiHa cells. (A) control, (B) curcumin treatment, (C) allyl sulphide treat-

ment, (D) genistein treatment for 96 h (40×). The treatments were carried out at IC
50

 values except in case of allyl sulphide 

(50 µM)

A. K. Jha et al.
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 After calculating the IC
50

 values for the compounds, the 

treatment was given at 20 µM as recent reports have 

shown the demethylating activity of EGCG and genis-

tein at this concentration in some oesophageal and pros-

tate cancer cell lines (Fang et al., 2003; 2007). Tea 

polyphenols (catechin, epicatechin, and (-)-EGCG) and 

bioflavonoids (quercetin, fisetin and myricetin) inhibit 

SssI DNA methyltransferase (DNMT) and DNMT1-

mediated DNA methylation in a concentration-depend-

ent manner (Lee et al., 2005). Caffeic acid and chloro-

genic acid have been shown to partially inhibit 

methylation of the promoter region of the RARβ gene 

(Lee et al., 2005). 

The demethylating ability of the dietary components 

such as genistein and lycopene has been shown to have 

varied behaviour in different cell lines and genes. The 

RARβ2 gene was not demethylated by genistein or lyco-

pene in both MCF-7 and MDA-MB-468, which are 

breast cancer cell lines. However, lycopene did induce 

demethylation of RARβ2 and HIN1 genes in the non-

cancer MCF10A fibrocystic breast cells (King-Batoon 

et al., 2008). 

Curcumin has been shown to inhibit HPV infection in 

cervical cancer (Prusty and Das, 2005). Molecular dock-

ing of the interaction of curcumin and DNMT1 suggests 

that curcumin covalently blocks the catalytic thiolate of 

C1226 of DNMT1 to exert its inhibitory effect. Curcu-

min and one of its major metabolites, tetrahydrocurcu-

min can inhibit M. SssI, a DNMT1 analogue, activity 

(Zhongfa et al., 2009). According to a recent study, sev-

eral phytochemicals inhibit the DNA methyltransferase 

activity, with betanin being the weakest while rosmarin-

ic and ellagic acids the most potent modulators (up to 

Fig 4. (i) Induction of apoptosis in SiHa cells. (1) control, 

(2) genistein (80 µM), (3) allyl sulphide (50 µM), (4) cur-

cumin (50 µM) for 48 h 

(ii) Induction of apoptosis in HeLa cells. (1) control, (2) 

curcumin (50 µM) for 48 h

Fig 5. (A) MSB (methylation-specific band) of the RARβ2 

gene in the SiHa cell line after 72 h of treatment with (1) 

curcumin, (2) genistein, (3) 5-aza-2-deoxycytidine, (4) 

control (without treatment), (5) 100 bp ladder

(B) MSB of the RARβ2 gene in the SiHa cell line after 6 

days of treatment with curcumin and genistein. Cells were 

treated with 20 µM of curcumin, genistein and 5-aza-2-de-

oxycytidine for 6 days. (1) 100 bp ladder, (2) 5-aza-2-de-

oxycytidine, (3) curcumin, (4) genistein, (5) control

(C) UMSB (unmethylation-specific band) of the RARβ2 

gene in the SiHa cell line after 6 days of treatment. (1) 

genistein, (2) control, (3) curcumin, (4) 5-aza-2-deoxycyti-

dine (positive control), (5)100 bp ladder

Fig. 6. Alterations in levels of mRNA expression of the 

RARβ2 gene in the SiHa cell line after 6 days of treatment 

with curcumin, genistein and 5-aza-2-deoxycytidine. mRNA 

expression was determined using RT-PCR. (1) 100 bp lad-

der, (2) control, (3) curcumin, (4) genistein, (5) 5-aza-2-

-deoxycytidine

Fig. 7. Methylation-specific band of the RARβ2 gene in the 

HeLa cell line after 6 days of treatment with 20 µM of 

curcumin. (1) control, (2) curcumin, (3) 100 bp ladder

Reversal of Hypermethylation and Reactivation of the RARβ2 Gene
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88% inhibition) among the compounds selected for the 

study (Paluszczak et al., 2010).

This is the first report on the ability of genistein and 

curcumin to cause the reversal of hypermethylation and 

reactivation of the RARβ2 gene in a cervical cancer cell 

line. It was observed that after six days of treatment gen-

istein and curcumin treatment resulted in significant in-

hibition of promoter hypermethylation in the SiHa cell 

line. The methylation-specific band (MSB) showed a 

time-dependent decrease in intensity after the treatment 

with genistein and curcumin. The expression of mRNA 

increased approximately proportionally to the appear-

ance of unmethylated DNA, whereas PCR products 

from methylated DNA decreased as the time period of 

treatment was increased. However, genistein was more 

effective in causing the reversal of promoter hypermeth-

ylation.

Further work is being carried out to determine the 

minimum effective concentration because genistein and 

lycopene have been found to be effective even at low 

concentrations such as 2 µM (King-Batoon et al., 2008), 

as well as the concentration-dependent change after the 

treatment with these compounds. 

The reversal of hypermethylation and re-expression 

of the RARβ2 gene by genistein and curcumin was simi-

lar in pattern but lower than that produced by the classic 

DNA methyltransferase inhibitor 5-aza-2-deoxycyti-

dine. Genistein and curcumin act as double-pronged 

agents causing apoptosis as well as reversal of promoter 

hypermethylation of the RARβ2 gene. These natural 

compounds are an important component of our diet and 

hence do not have any cytotoxic effects on normal cells 

unlike the demethylating chemicals. The reversal of 

these epigenetic changes by natural compounds could 

prove to be significant in the direction of therapy of can-

cer. 
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