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Abstract

Growing evidence suggests epigenetic alteration is involved during the development and

progression of prostate cancer. Previously, we found Nrf2, a key regulator of cellular antioxidant

defense systems, was silenced through epigenetic mechanism during tumorigenesis in vivo

TRAMP mice and in vitro TRAMP C1 cells. Sulforaphane (SFN) in cruciferous vegetable has

been demonstrated to be a potent cancer prevention agent for years. The aim of this study is to

investigate the potential of SFN to restore Nrf2 expression in TRAMP C1 cells through epigenetic

modifications. Bisulfite genomic sequencing results indicated that SFN treatment led to

demethylation of the first 5 CpGs in the promoter region of the Nrf2 gene in TRAMP C1 cells.

Using methylation DNA immunoprecipitation (MeDIP) assay, SFN significantly reduced the ratio

of anti-mecyt antibody binding to the Nrf2 promoter containing the first 5 CpGs. SFN increased

mRNA and protein expressions of Nrf2 and Nrf2 downstream target gene NQO-1. In addition,

SFN decreased the protein levels of DNMT1 and DNMT3a. SFN treatment also attenuated the

protein expression levels of HDACs 1, 4, 5, and 7 while increased the level of active chromatin

marker acetyl-Histone 3 (Ac-H3). SFN treatments also increased chromatin-immunoprecipitated

DNA of Nrf2 gene promoter using anti-Ac-H3 antibody. Taken together, our current study shows

that SFN regulates Nrf2's CpGs demethylation and reactivation in TRAMP C1 cells, suggesting

SFN may exert its chemopreventive effect in part via epigenetic modifications of Nrf2 gene with

subsequent induction of its downstream anti-oxidative stress pathway.
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1. Introduction

Prostate cancer is one of the most deadly cancers among men in the United States [1]. It has

been suggested that the incidence of prostate cancer is associated with increased intracellular

oxidative stress [2-4], which is characterized by excess generation of reactive oxygen

species (ROS) and/or reduction of antioxidant capacities. Chronic oxidative stress and

associated pathological conditions such as inflammation had been demonstrated to drive

genomic instability, genetic mutation and neoplastic transformation [5-8], thus it could serve

as an essential factor in the development and progression of prostate cancer. Nuclear factor

erythroid-2 related factor-2 (Nrf2 or NFE2L2), a helix-loop-helix basic leucine zipper

transcription factor, is a key regulator in the cellular defense system against oxidative stress

[9-13]. Through its binding to antioxidant response element (ARE) in the promoter region

[14, 15], activation of Nrf2 results in the induction of a series of anti-oxidative stress/

detoxifying enzymes and proteins, such as heme oxygenase-1 (HO-1), NAD(P)H:quinone

oxidoreductase-1 (NQO-1), UDP-glucuronosyltransferases (UGT), and glutathione-S-

transferases (GST) [16, 17] among others. It has been reported that Nrf2-deficient mice has

an increased susceptibility towards carcinogen induced tumorigenesis [18, 19]. Interestingly,

our previous work found that the expression of Nrf2 and its downstream genes such as

NQO1, UGT1A1, and GSTM1 are gradually down-regulated during the development of

prostate tumor in TRAMP mice [20, 21]. In addition to TRAMP mice, it was also reported

that Nrf2 and members of GST mu family were distinctly decreased in human prostate

cancer samples, which leads to extensive oxidative stress and DNA damage [22]. Recently,

we reported the attenuated expression of Nrf2 may be caused by epigenetic mechanism in

prostate cancer of TRAMP mice and tumorigenic TRAMP-C1 cells [23].

Epigenetics is defined as changes in gene expression without alteration of DNA nucleotide

sequences [24]. Epigenetic regulation, particularly DNA methylation and histone

modification, would change the interaction between gene promoters and transcription

factors, resulting in either transcription promotion or repression. It has been reported that

cancer progression is usually accompanied with epigenetic silencing of critical tumor

suppressor genes through CpG island hypermethylation in their promoter region [25, 26].

For instance in prostate cancer, coordinated hypermethylation of APC and GSTP1 can serve

as a specific diagnostic marker in early stages of prostate cancer development [27, 28]. In

this context, a series of genes silenced through DNA methylation has been found in TRAMP

prostate cancer and its derived cell lines [29, 30]. Drugs which target on those enzymes

responsible for epigenetic silencing, such as DNA methyltransferases (DNMTs) and histone

deacetylases (HDACs), could be useful in cancer prevention and therapeutic strategy.

Treatment of 5-azadeoxycytidine (5-aza, a DNMT inhibitor) and trichostatin A (TSA, an

HDAC inhibitor) has been shown to inhibit cell proliferation [31, 32]. It has been reported 5-

aza shows inhibitory effect towards prostate tumorigenesis in TRAMP mice in vivo [33].

However, the side effects, such as toxicity and nonspecific gene modulation limited their use

as cancer chemopreventive/therapeutic agents [34].

Many compounds from our daily consumption of fruits and vegetables have been shown to

exhibit cancer preventive effects through epigenetic mechanisms [35-37]. It has been
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reported that epigallocatechin-3-gallate (EGCG) from green tea inhibits DNMTs [38] and

histone acetyltransferases (HATs) [39]. We have found that curcumin, a bioactive dietary

component from turmeric, inhibits DNMTs activity potentially resulting in re-expression of

Nrf2 in TRAMP C1 cell line [40]. Sulforaphane (SFN), one of the most widely investigated

isothiocyanates found in crucifers, has been shown to be a very potent cancer

chemopreventive agent in numerous animal models of different cancers [41]. First identified

as a potent phase 2 detoxifying enzyme inducer, SFN has been shown to be a multi-targeted

chemopreventive agent including inhibition of histone deacetylase (HDAC) activity [42],

suggesting epigenetic alteration may be involved in the mechanism of chemoprevention by

SFN. The aim of this study is to investigate the potential of SFN to reactivate the expression

of Nrf2 through epigenetic regulation.

2. Materials and Methods

2.1 Cell culture and treatment

TRAMP C1 cells (generously provided by Dr. Barbara Foster, Department of Pharmacology

and Therapeutics, Roswell Park Cancer Institute, Buffalo, NY) were maintained in DMEM

with 10% fetal bovine serum at 37°C in a humidified 5% CO2 atmosphere. Sulforaphane

(SFN) was purchased from LKT Laboratories, Inc. (St. Paul, MN, USA). Other chemicals,

5-azadeoxycytidine (5-aza) and trichostain A (TSA) were purchased from Sigma-Aldrich

(St. Louis, MO, USA). Cells were seeded in 10 cm plates for 24 h and then treated with

either 0.1% DMSO, 500 nM 5-aza or different concentrations of SFN in DMEM medium

containing 1% FBS. The medium was changed every 2 days. On day 4, for the 5-aza and

TSA combination treatment, 100 nM TSA was added to the 5-aza containing medium. Cells

were harvested on day 5 for DNA, protein or total RNA extraction.

2.2 DNA extraction and bisulfite genomic sequencing

Genomic DNA was isolated from DMSO, SFN, or 5-aza/TSA treated TRAMP C1 cells

using the QIAamp® DNA mini Kit (Qiagen, Valencia, CA). Then 500 ng genomic DNA

was subjected to bisulfite conversion using EZ DNA Methylation Gold Kits (Zymo

Research Corp., Orange, CA) following the manufacturer's instructions. The converted DNA

was amplified by PCR using Platinum Taq DNA polymerase (Invitrogen, Grand Island, NY)

using primers that amplify the first 5 CpGs located between -1085 and -1226 of murine Nrf2

gene with the translation start site defined as +1. PCR products were cloned into pCR4

TOPO vector using a TOPO™ TA Cloning Kit (Invitrogen, Carlsbad, CA). Plasmids from at

least ten colonies of each treatment group were prepared using QIAprep Spin Miniprep Kit

(Qiagen, Valencia, CA) and sequenced (Genwiz, Piscataway, NJ)

2.3 Methylation DNA immunoprecipitation (MeDIP) analysis

The MeDIP analysis was carried out using MagMeDIP Kit (Diagenode, Denville, NJ)

according to the manufacturer's instruction with some modifications. Briefly, 5 μg DNA

extracted from treated cells was adjusted to 50 μL in TE buffer and then sonicated in ice-

cold water using a Bioruptor sonicator (Diagenode Inc., Sparta, NJ) to shear the DNA to an

average size of 300-500 base pairs (bp). The fragmented DNA was denaturated at 95°C for 3

min and followed by immunoprecipitation with anti-methylcytosine antibody at 4°C
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overnight. After incubation, the pulled-down DNA on magnetic beads were washed and

digested with proteinase K and then isolated from beads. The primer set, sense 5′-TGA GAT

ATT TTG CAC ATC CGA TA-3′ and anti-sense 5′-ACT CTC AGG GTT CCT TTA CAC

G-3′, which covers the DNA sequence of the first 5 CpGs of murine Nrf2 was used for

regular PCR and qPCR assays. For regular PCR, 1 μL of each MeDIP and input DNA was

used as template for 35 cycles PCR amplification using Platinum PCR SuperMix kit

(Invitrogen, Carlsbad, CA). The PCR products were then analyzed by agarose gel

electrophoresis and visualized by ethidium bromide staining using a Gel Documentation

2000 system (Bio-Rad, Hercules, CA). For qPCR, the enrichment of MeDIP DNA was

calculated according to the calibration of a series of dilution of input DNA, and the relative

methylated DNA ratios were then calculated based on the control as 100% of methylated

DNA.

2.4 RNA isolation and quantative real-time polymerase chain reaction (qPCR)

Total RNA was extracted from the treated cells using RNeasy Mini Kit (QIAGEN, Valencia,

CA). Then first-strand cDNA was synthesized from 1 μg total RNA using SuperScript III

First-Strand Synthesis System for RT-PCR (Invitrogen, Grand Island, NY) according to the

manufacturer's instructions. To determine the RNA expression of specific genes, the cDNA

was used as the template for real time PCR using Power SYBR Green PCR Master Mix

(Applied Biosystem, Carlsbads, CA), while β-actin was used as an internal loading control.

The sequence of the primers used for real time PCR were as follows: Nrf2: sense 5′-AGC

AGG ACT GGA GAA GTT-3′ and anti-sense 5′-TTC TTT TTC CAG CGA GGA GA-3′;

NQO1: sense 5′-AGC CCA GAT ATT GTG GCC G-3′ and anti-sense 5′-CCT TTC AGA

ATG GCT GGC AC-3′; β-actin: sense 5′-CGT TCA ATA CCC CAG CCA TG-3′ and anti-

sense 5′-GAC CCC GTC ACC AGA GTC C-3′.

2.5 Protein lyses preparation and Western blotting

Treated cells from above were harvested using RIPA buffer supplemented with protein

inhibitor cocktail (Sigma, St. Louis, MO). Protein concentrations of the cleared lysates were

determined using the bicinchoninic acid (BCA) method (Pierce, Rockford, IL). Total

proteins (20 μg) from each sample were separated by 4-15% SDS-polyacrylamide gel

electrophoresis (Bio-Rad, Hercules, CA). Then the proteins were transferred to a

polyvinylidene difluoride (PVDF) membrane (Millipore, Bedford, MA) followed by

blocking with 5% BSA in Tris-buffered saline-0.1% Tween 20 (TBST) buffer. Then the

membrane was sequentially incubated with specific primary antibodies and HRP-conjugated

secondary antibodies. The blots were visualized by SuperSignal enhanced

chemiluminiscence (ECL) detection system and recorded using a Gel Documentation 2000

system (Bio-Rad, Hercules, CA). Primary antibodies were purchased from different

resources: anti-Nrf2, anti-NQO1 and anti-β-actin from Santa Cruz Biotechnology (Santa

Cruz, CA); anti-DNMT1 and anti-DNMT3a from IMGENEX (San Diego, CA); anti-

HDAC1, anti-HDAC2, anti-HDAC5, and anti-HDAC7 from Cell Signaling (Boston, MA).

2.6 Chromatin immunoprecipitation (ChIP) assay

Chromatin immunoprecipitation (ChIP) assay was performed using MAGnify Chromatin

Immunoprecipitation System (Invitrogen, Grand Island, NY) according to the
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manufacturer's protocol. Briefly, formaldehyde at a final concentration of 1% was added to

fix the cells (∼5.0×106 cells in 10-cm dish). After incubation at room temperature for 10

min, excess formaldehyde was quenched by 5 M glycine. After washing twice with PBS,

cells were scraped, pelleted and then resuspended in Cell Lysis Buffer containing protease

inhibitor cocktail. The samples were sonicated in ice cold water using a Bioruptor sonicator

(Diagenode Inc., Sparta, NJ) to shear the cross-linked DNA to an average length of 200-500

bp and centrifuged at 12,000 rpm to remove insoluble material. The chromatin solutions

were then diluted using dilution buffer, and 10 μL of each was reserved as input control.

Diluted chromatin solutions were then incubated overnight at 4°C with protein A magnetic

beads and specific antibody against anti-acetyl-Histone 3 (Ac-H3) (Millipore, Lake Placid,

NY) or nonspecific Rabbit IgG The immunoprecipitated complex-magnetic beads were

collected using magnetic separator. After reverse cross-linking, DNA was purified according

to manufacturer's instruction. Each purified DNA (1 μL) was used as template for regular

PCR amplification using the same primers as those used for MeDIP analysis described

above. The PCR products were then analyzed by agarose gel electrophoresis and visualized

using EtBr staining. In parallel, qPCR assay was also performed to determine the amount of

ChIP-purified DNA using Power SYBR Green PCR Master Mix (Applied Biosystem,

Carlsbads, CA).

2.7 Statistical analysis

Data are represented as the mean ± SD from three independent experiments at least.

Statistical analyses were performed using one-way analysis of variance (ANOVA) followed

by Student's t-test to determine statistically significant difference among the means (P <

0.05).

3. Results

3.1 SFN decreases methylated CpG ratio in the promoter region of Nrf2 gene in TRAMP C1
cells

Our previous study showed that Nrf2 transscription was significantly suppressed when the

first five CpGs in the promoter of Nrf2 gene were hypermethylated [23]. Therefore, bisulfite

sequencing was carried out to investigate if SFN treatment would demethylate the five CpGs

of Nrf2. Fig. 1 shows that the 5 CpGs were hyperrmethylated in the control group

(methylation ratio 89.3%). Treatment with SFN (1.0 and 2.5 μM) and the combination of 5-

aza (500 nM)/TSA (100 nM) after 5 days incubation reduced the methylation level to

56.0%, 38.7% and 46.7%, respectively. It suggested that SFN has demethylation potential

on the promoter of Nef2 gene.

3.2 SFN decreases the binding of anti-methyl cytosine antibody to the promoter region of
Nrf2 gene in TRAMP C1 cells

MeDIP analysis was performed using anti-methyl cytosine antibody by immunoprecipitation

and the enriched methylated DNA was then used as template for PCR amplification of the

Nrf2 promoter region containing the first 5 CpGs (Fig. 2). Both regular PCR (Fig. 2A) and

qPCR (Fig. 2B) results show that SFN and the combination of 5-aza/TSA treatment
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significantly reduced the binding of the enriched Nrf2 promoter containing the first 5 CpGs

to anti-methyl cytosine antibody (Fig. 2).

3.3 SFN induces expression of Nrf2 and its downstream gene

Previously the expression of Nrf2 and its downstream genes has been shown to be

dramatically decreased in TRAMP prostate cancer and tumorigeneric TRAMP C1 cell line

[20, 23]. To examine if demethylation of the promoter region results in the transcription

activation of Nrf2, the mRNA and protein expression levels of Nrf2 and its targeted gene

NQO1 were measured. TRAMP C1 cells were treated with SFN for 5 days, and then qPCR

was performed to evaluate the mRNA expression of Nrf2 and NQO1. The results indicated

that both 1.0 and 2.5 μM SFN treatments increased Nrf2 and NQO1 mRNA expressions

(Fig. 3A). Consistently, protein expression of Nrf2 and NOQ1 was also significantly

induced upon SFN treatment in TRAMP C1 cells (Fig. 3B).

3.4 SFN alters expressions of epigenetics modifying enzymes

To further study the epigenetics mechanism underlying the demethylation effect of SFN on

the Nrf2 promoter region, we next examined if SFN can alter the expression of those

epigenetics modifying enzymes. DNA methylation is mediated by a family of DNA

methyltransferases (DNMTs) which include a maintenance methyltransferase DNMT1 and

two de novo methyltransferases DNMT3a and DNMT3b. As shown in Fig. 4A, SFN

decreased the protein levels of DNMT1 and DNMT3a in a dose-dependent manner in

TRAMP C1 cells. However, no significant alteration was observed with the expression of

DNMT3b (data not shown).

In addition, SFN has been reported to be an HDAC inhibitor. Correspondingly, we found

that SFN significantly decreased the protein levels of HDAC1, HDAC4, HDAC5, and

HDAC7 in a dose-dependent manner (Fig. 4B) while no considerable changes of HDAC2,

HDAC3, and HDAC8 protein expressions (data not shown). The global level of acetylated

histone 3 (Ac-H3) was also highly induced by SFN treatment (Fig. 4C). Next, chromatin

immunoprecipitation (ChIP) assays were performed to further examine the association

between Nrf2 gene promoter and Ac-H3 level after SFN treatments in TRAMP C1 cells. In

agreement with the observation of Ac-H3 level, the amount of immunoprecipitated DNA of

Nrf2 promoter containing the first 5 CpGs fragment in SFN treatments (1.0 and 2.5 μM) was

higher as compared to control treatments as shown in Fig. 5.

4. Discussion

The imbalance between ROS and cellular antioxidant capacity could result in oxidative

stress in organisms. Oxidative stress causes biochemical alterations of proteins, nucleic

acids, and lipids in cells, which may further lead to inflammation or carcinogenesis [43].

Nrf2, a transcription factor, plays an important role in regulating phase II antioxidant and

detoxification enzymes which eliminate carcinogens and reactive intermediates and hence

protect cells from oxidative stress induced damages [44-47]. In recent studies of prostate

cancer, low expressions of Nrf2 and its downstream target genes such as GST family are

found in human [22] and in TRAMP prostate tumors [20]. Accumulating evidence also
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shows that dietary phytochemicals can enhance the expressions of phase II antioxidant and

detoxification enzymes mediated by the Nrf2 pathway [48]. For example, ! -rich tocopherols

can inhibit prostate carcinogenesis in TRAMP mice while it increases the expressions of

Nrf2 and its target genes including UGT, GST, HO-1, and glutathione peroxidases (GPx)

[20, 21]. In addition ! -rich tocopherols could cause CpG demethylation in the Nrf2

promoter and higher Nrf2 expression in the prostate of TRAMP mice and in TRAMP C1

cells, potentially contributing to the prevention of prostate tumorigenesis [49]. In addition,

curcumin has been demonstrated to restore the epigenetically silenced Nrf2 gene through

DNA demethylation in TRAMP C1 cells [40]. Likewise, it has also been shown to possess

cancer chemopreventive activity potentially through enhancing the expressions of Nrf2 and

its downstream target genes [50, 51]. Furthermore, it has been demonstrated that broccoli

sprouts containing abundant SFN can inhibit prostate tumorigenesis in TRAMP mice, which

may be through the activation of Nrf2 pathway [52]. Activation of Nrf2 pathway by SFN

plays a role in chemoprevention in several animal models such as benzo[a]pyrene-induced

forestomach tumors using wild-type and Nrf2-deficient ICR mice [53] and DMBA/TPA-

induced skin carcinogenesis with wild-type and Nrf2-deficient C57BL/6 Mice [54]. In our

current study, SFN restores the expression of Nrf2 and its target gene NQO1 (Fig. 3), via

demethylating the CpGs of the promoter of Nrf2 gene in TRAMP C1 cells, may play a role

in chemoprevention in TRAMP mouse model.

Epigenetic regulation plays a critical process in cancer development, which includes DNA

methylation and histone modification. Cellular DNA methyltransferases (DNMTs) and

histone deacetylases (HDACs) which cause epigenetic silencing are the major targets of

cancer prevention and therapeutic strategy. However, some anti-cancer drugs including 5-

azacitdine and 5-aza-2′-deoxycytidine (DNMTs inhibitors) and vorinostat, belinostat,

romidepsin, and panobinostat (HDAC inhibitors) may have adverse side effects [55-57].

Many studies have demonstrated that some dietary phytochemicals, such as

epigallocatechin-3-gallate (EGCG) [39], curcumin [40], and genistein [58], with cancer

chemopreventive and/or anti-cancer activities have epigenetic regulation potentials. The

epigenetic effect of SFN on gene transcription has also been recently reported. SFN may

cause site-specific CpG demethylation of the first exon of hTERT gene through the

suppression of DNMT1 and DNMT3a in a dose- and time-dependent manner in human

breast cancer cells [59]. In our present study, we also found that SFN treatment exhibited

hypomethylation effect on the first 5 CpGs in the Nrf2 promoter in TRAMP C1 cells (Fig.

1). This hypomethylation effect is supported by MeDIP assay showing that SFN

significantly decreased the amount of the Nrf2 promoter containing the first 5 CpGs using

anti-mecyt antibody (Fig. 2). These results might be associated with the suppression of the

protein expression of DNMT1 and DNMT3a (Fig. 4A). With respect to HDACs, it has been

reported that SFN as well as its two major metabolites, SFN-cysteine and SFN-N-

acetylcysteine, can suppress HDAC activity in vitro [60]. SFN also shows a similar HDAC

inhibitory effect in BPH-1, LnCaP and PC-3 prostate epithelial cells [61]. It has been

reported that the levels of the active chromatin markers (acetyl-H3, acetyl-H3K9 and acetyl-

H4) are increased, but the levels of the inactive chromatin markers (trimethyl-H3K9 and

trimethyl-H3K27) are decreased in MCF-7 and MDA-MB-231 cells after SFN treatment

[59]. In in vivo study, the suppressive effect of SFN against the growth of PC-3 xenografts
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might be mediated by inhibiting HDAC activity [62]. SFN can also retard intestinal

carcinogenesis in Apc-minus mice through histone modification accompanied with

inhibition of HDAC activity in the colonic mucosa and polyps [63]. In addition, HDAC

activity in peripheral blood mononuclear cells (PBMC) was inhibited in the human subjects

after 3 and 6 hrs following consumption of SFN-rich broccoli sprouts [62]. Our present

results show that the protein expression levels of HDAC1, HDAC4, HDAC5, and HDAC7

were significantly decreased in a dose-dependent manner while the Ac-H3 protein level was

highly induced by SFN (Fig. 4B and C). Furthermore, we also demonstrated that SFN

treatment increased the binding of Ac-H3, one of the transcriptionally active chromatin

markers, to the promoter of Nrf2 gene (Fig. 5). It has also been showed that dietary bioactive

compounds such as SFN may interfere with the formation of a transcriptional regulator

complex which consists of methyl-CpG binding proteins, DNMT and HDAC [64, 65]. The

release of co-repressor complex further results in the concomitant enrichment of acetyl

histones such as Ac-H3 [65-67]. Therefore, our current findings are in agreement with

previous investigations and support the evidence of epigenetic effect of SFN in restoring

Nrf2 expression, including DNA demethylation and chromatin remodeling process.

SFN has been shown to inhibit prostate carcinogenesis in TRAMP mice [68]. Gradual

down-regulation of Nrf2 and Nrf2 downstream target genes during the progression of

prostate tumorigenesis in TRAMP mice has been reported [20], and SFN-rich broccoli

sprouts increases the expression levels of Nrf2 and its downstream target genes and inhibits

tumorigenesis [52]. In our current study, SFN is an epigenetic regulator and restores the

silenced Nrf2 gene in TRAMP C1 cells through DNA demethylation and histone

modifications. These finding suggest that SFN epigenetically restore the expression of Nrf2

and Nrf2 downstream antioxidant and detoxification related genes during the initiation,

progression and development of prostate cancer in TRAMP mice may play a role in SFN's

chemoprevention effects.
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Fig. 1.
Effect of SFN on methylation status of the Nrf2 promoter regions in TRAMP C1 cells. Cells

were treated with 1.0 or 2.5 μM SFN for 5 days, and then genomic DNA was extracted from

the treated cells. A combination treatment of 5-aza (500 nM)/TSA (100 nM) was used as

positive control, while TSA was added 24 h before cell collection. The methylation pattern

of the first five CpGs located at -1226 to -1085 in Nrf2 promoter region, where the

translational starting site is considered as +1 was determined. Bisulfite genomic sequencing

was performed as described in Materials and Methods. Black dots indicated methylated

CpGs while open circles indicate unmethylated CpGs. At least ten clones were picked

randomly and sequenced from each of the three independent experiments, and fifteen clones

were selected based on the relative frequency of methylation from each treatment.

Zhang et al. Page 13

Biochem Pharmacol. Author manuscript; available in PMC 2014 August 06.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 2.
Effect of SFN on methylation of Nrf2 promoter region in TRAMP C1 cells using

methylation DNA immunopredipitation (MeDIP) assay. Genomic DNA (10 μg) extracted

from SFN or 5-aza/TSA treated TRAMP C1 cells were used for MeDIP analysis. Genomic

DNA were sonicated, denatured and subjected to DNA immuniprecipitation (IP) with anti-

methyl cytosine antibody. Then regular PCR (A) and qPCR (B) were performed to analyze

the enrichment of methylated fragments using the primers covering the DNA sequence

containing the first five CpGs in promoter region of the Nrf2 gene. (A) Regular PCR was

performed to compare the immunoprecipitated DNA with their inputs, a representative result

is shown from three independent experiments. (B) The enrichment of the MeDIP DNA was

determined by qPCR on the basis of the standard curve from a serial dilution of the inputs.

Relative methylated ratio was calculated by comparing with control group as 100%

methylated DNA. Data are expressed as mean ± SD from four independent experiments. *

Different from control, P < 0.05.
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Fig. 3.
Effect of SFN on the mRNA (A) and protein (B) expressions of Nrf2 and NQO-1. After 5

days of treatment, mRNA and protein were isolated from TRAMP C1 cells as described

above. The mRNA and protein levels of Nrf2 and NQO-1 were determined using qPCR and

Western blotting, respectively. (A) The mRNA level was determined using ABI7900HT

qPCR system. Data are expressed as mean ± SD from three independent experiments. *

Different from control, P < 0.05. (B) For protein analysis, the bands which were bound with

specific Nrf2 and NQO1 antibodies were visualized using a Gel Documentation 2000

system (Bio-Rad, Hercules, CA) and quantified using Quantity One software. β-Actin was

used as an equal loading control.

Zhang et al. Page 15

Biochem Pharmacol. Author manuscript; available in PMC 2014 August 06.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 4.
Effect of SFN on the protein expressions of DNMTs (A), HDACs (B), and acetylated

histone 3 (Ac-H3) (C) in TRAMP C1 cells. Cell lysates were prepared after SFN with the

indicated doses for 5 days, followed by Western blotting to analyze protein expressions of

DNMTs, HDACs, and Ac-H3 using specific antibodies. β-Actin was used as an equal

loading control.
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Fig. 5.
Effect of SFN on the binding of Nrf2 promoter region to acetylated histone 3 (Ac-H3). ChIP

assay was performed as described in Material & Methods using antibody against Ac-H3.

Regular PCR (A) and qPCR (B) were performed to analyze the enrichment of DNA binding

to Ac-H3 using primers which amplify the DNA sequence containing the first five CpGs in

the promoter region of Nrf2 gene. (A) Regular PCR was performed to compare the

immunoprecipitated DNA versus their inputs of each treatment, and a representative result is

shown from three independent experiments. (B) The enrichment of the Ac-H3 binding DNA

was determined by qPCR based on the standard curve which was obtained from a serial

dilution of the inputs. Relative ratio was calculated by the fold change compared to control

group. Data are expressed as mean ± SD from three independent experiments. * Different

from control, P < 0.05.
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