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ABSTRACT: It has been shown that ROS (reactive oxygen species, superoxide and hydrogen peroxide) 

regulate major epigenetic processes, DNA methylation and histone acetylation, although the mechanism of 

ROS action (ROS signaling) is still unknown. Both DNA methylation and histone acetylation are nucleophilic 

processes and therefore ROS signaling through typical free radical processes, for example hydrogen atom 

abstraction is impossible. However, being “super-nucleophile” superoxide can participate in these reactions. 

Now we propose new nucleophilic mechanisms of DNA methylation and histone modification. During DNA 

methylation superoxide can deprotonate the cytosine molecule at C-5 position and by this accelerate the 

reaction of DNA with the positive-charged intermediate S-adenosyl-L-methionine (SAM). Superoxide can 

also deprotonate histone N-terminal tail lysines and accelerate the formation of their complexes with acetyl-

coenzyme A (AcCoA), the supplier of acetyl groups. In cancer cells ROS enhance DNA methylation causing 

the silencing of tumor suppressor and antioxidant genes and enhancing the proliferation of cancer cells under 

condition of oxidative stress. ROS signaling in senescent cells probably causes DNA hypomethylation 

although there are insufficient data for such proposal. 
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Important role of reactive oxygen species (ROS) signaling 

in genetic and epigenetic processes is well documented 

although a mode of their action still remains enigmatic 

apart from the mechanisms of ROS-induced DNA 

damage. We and others have already considered the 

mechanisms of ROS damaging effects on DNA. Although 

there is uncertainty in the nature of reactive oxygen 

species involved in DNA damage, only possible candidate 

is the hydroxyl radical formed by the ferrous ion-

catalyzed decomposition of hydrogen peroxide (for 

example on the “iron fingers” of DNA [1]). (Free 

hydroxyl radicals are frequently considered to be such 

culprits but they are not able to achieve a DNA molecule 

due to their extraordinary reactivity).  
      However it has now been shown that in addition to 

DNA damage through the direct attack of free radicals on 

DNA molecules ROS signaling is the important factor of 

epigenetic processes such as DNA methylation and 

histone modification. It makes the role of free radicals and 

other reactive oxygen species significantly more 

important in epigenetic and genetic processes. Therefore 

in this work we are going to consider the possible 

mechanisms of ROS signaling in epigenetic processes 

under physiological and pathological (cancer and aging) 

conditions.  

 

Nucleophilic mechanisms of ros signaling  
 

Typical reactions of most free radicals (paramagnetic 

species with unpaired electrons) are the reactions of 
hydrogen atom abstraction. However we have earlier 

already demonstrated that superoxide anion radical (O2
.-) 
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possesses strong nucleophilic properties (being probably 

the known strongest “supernucleophile”) [2-5]. It will be 

shown below that the epigenetic processes of DNA 

methylation and histone modification proceed by 

nucleophilic mechanisms. Therefore together with 

diamagnetic molecule hydrogen peroxide (H2O2) 

superoxide might be the most important signaling species 

in these nucleophilic reactions.   

       Important superoxide-induced reactions of 

nucleophilic substitution are deetherification and 

deprotonation (Fig. 1). At the time the role of hydrogen 

peroxide in nucleophilic substitution is not clear. 

Likewise hydrogen peroxide is able to activate numerous 

enzymatic processes, but the mechanisms of such 

processes are also uncertain. It is usually assumed that the 

principal reaction of hydrogen peroxide is the Fenton 

reaction – the ferrous ion catalyzed decomposition to 

hydroxyl radicals, however hydrogen peroxide cannot 

participate in signaling processes by such a way.  We 

earlier proposed [4] that hydrogen peroxide can be 

converted into superoxide by a reversible reaction 

catalyzed by ubiquitous enzyme superoxide dismutase: 

 

ZnCu(II)SOD + H2O2 ↔ ZnCu(I)SOD  +  O2
.-  + 2 H+ 

 

Therefore it is quite possible that superoxide is also 

responsible for nucleophilic processes with participation 

of hydrogen peroxide.     

 

 
 

 
Figure 1. Nucleophilic mechanism of superoxide-

dependent deetherification 

 

 

Ros signaling in DNA methylation  

 
ROS signaling has been demonstrated in many studies of 

DNA methylation under both physiologic and pathologic 

conditions. (See also recent review by Hayes and Knaus 

[6]). It is known that DNA methylation is catalyzed by 

enzymes methyltransferases (DNMT) through the 

positive-charged intermediate S-adenosyl-L-methionine 

(SAM). Therefore it is possible that ROS (superoxide) 

participates in this process as a nucleophile. We will now 

quote some examples of ROS signaling in DNA 

methylation.  

       ROS usually increase DNA methylation. Thus it has 

been found that the norepinephrine-induced ROS 

production increased the protein kinase C epsilon (PKCε) 

promoter methylation at Egr-1 and Sp-1 binding sites, 

initiating PKCε gene repression in fetal rat hearts [7]. 

ROS stimulated CpG methylation of the SP1-binding 

sites at PKCε promoter under hypoxic conditions [8]. 

DNA hypermethylation of a single CpG dinucleotide 

close to the transcription start site was found at the early 

onset of autonomic dysfunction in adult individuals born 

preterm which associated with enhanced oxidative stress 

and decreased expression of the SOD2 gene [9]. 

 

ROS-induced DNA Methylation in Cancer 

 

However ROS signaling produces probably the greatest 

effects on DNA methylation in cancer. It may be 

explained by the fact that cancer cells are characterized by 

enhanced oxidative stress. (Numerous examples of 

enhanced oxidative stress in cancer cells are cited in Ref. 

[10]). It has been shown that ROS-dependent DNA 

methylation silences some tumor suppressor genes and 

initiated subsequent tumor progression. For example, 

prolonged exposure to ROS in hepatocellular carcinoma 

induced CpG island II methylation on the cadherin 

promoter [11]. Hypermethylation of the p16 gene 

promoter leads to the inactivation of tumor suppressor 

gene p16 and progression from Barrett’s esophagus (BE) 

to esophageal adenocarcinoma (EA). It was proposed that 

acid reflux presented in BE patients activated NADPH 

oxidase NOX5-S and increased ROS production which in 

turn increased p16 promoter methylation enhancing the 

progression from BE to EA [12].  

      It has been shown that catalase levels were reduced in 

hepatocellular carcinoma (HCC). ROS induced the 

methylation of CpG island II on the catalase promoter and 

downregulated catalase expression at HCC transcriptional 

level. Therefore it was proposed that the development of 

HCC was caused by ROS downregulation of catalase gene 

through the methylation of catalase promoter [13]. ROS 

(hydrogen peroxide) silenced the runt domain 

transcription factor 3 (RUNX3) through 

hypermethylation of its promoter leading to the 
association of RUNX3 with the progression of colorectal 

cancer [14].  
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       Overexpression of epidermal growth factors ERBB2 

and ERBB3 is linked with cancer development, poor 

prognosis, and drug resistance. Treatment of cancer cells 

with hydrogen peroxide induced hypermethylation and 

inhibited miRNAs through DNMT1-mediated DNA 

methylation. Repression of miR-199a and miR-125b 

promoters led to the activation of their direct targets 

ERBB2 and ERBB3 and the induction of tumor growth 

[15]. Hydrogen peroxide initiated the formation and 

relocalization of a silencing complex containing DNA 

methyltransferases, Sirt1, and polycomb members and 

stimulated the cancer-specific aberrant DNA methylation 

and transcriptional silencing [16].  

      Exposure to the particulate matter particles 2.5 μm in 

diameter (PM (2.5)) increased ROS production and 

enhanced the expression of methyltransferase 1 

(DNMT1). It induced methylation of the p16 promoter in 

murine alveolar epithelial cells and caused lung cancer 

development [17]. Examination of the promoter of 

antioxidant enzyme glutathione peroxide 3 (GPX3) 

suggested that DNA hypermethylation in gastric cancer 

lines was induced by deregulation of ROS generation 

[18]. Hydrogen peroxide treatment increased 

promoter methylation and silenced homeobox-1(CDX1), 

a tumor suppressor gene which enhanced the progression 

of colorectal cancer. Moreover hydrogen peroxide caused 

the upregulation of DNA methyltransferase 1 (DNMT1) 

and enhanced the expression and activity of histone 

deacetylase 1 (HDAC1) [19]. 

       These data demonstrate that ROS stimulate cancer 

development through DNA hypermethylation. However 

DNA methylation can also decrease ROS levels in cells 

through downregulation of NADPH oxidases DUOX1 

and DUOX2. In the same way the aberrant 

hypermethylation of DUOX1 and DUOX2 promoters 

might lead to the reduction of ROS levels in cancer [20]. 

ROS formation induced by high glucose also resulted in 

the significant hypomethylation of CpG dinucleotides in 

p66Shc promoter [21]. Significant increase in 

ROS generation decreased histones H3K4 and H3K9 

methylation and histone H3 acetylation after insulin 

treatment [22]. 

 

ROS-induced DNA Methylation in Aging 

 

DNA methylation is changed in the age and it is possible 

that DNA hypomethylation is a typical aspect of aging 

processes. There are numerous examples of DNA 

hypomethylation in age. For example it has been shown 

that aging changes distribution of the product of DNA 

methylation 5-methylcytosine across the genome that 
leads to a decrease in global DNA methylation [23,24]. 

The age-related reduction of global DNA methylation was 

observed in peripheral leukocytes of female centenarians 

[25]. It is interesting that aging stimulated global 

hypomethylation with hypermethylation of specific gene 

promoters in cancer patients [26].  

        Unfortunately ROS signaling in DNA methylation 

during aging processes is not well studied and understood. 

However it is interesting to look at the effect of caloric 

restriction (CR) on DNA methylation in the age [27]. It is 

believed that CR reduces ROS levels and therefore is able 

to influence life aging and vascular aging by diminishing 

ROS formation [28]. For example an increase in the 

methylation of proto-oncogenes in CR-fed rats might be 

caused by decreasing ROS levels [29]. It should be 

mentioned that Ford [30] found that the diet containing 

antioxidant components affected DNA methylation in 

honeybees and honeybee cells lines with the age. 

Similarly, methionine dietary restriction increases rat 

longevity through the reduction of ROS production and 

genomic DNA methylation in the rat heart [31].  

 

Ros signaling in histone modification 
 

It has been shown that two processes: the acetylation of 

lysine residues on the N-terminal tails of core histones by 

histone acetyltransferases (HAT) and the deacetylation of 

histones by histone deacetylases (HDAC) depend on ROS 

signaling. Both processes are linked and are very 

important in chromatin remodeling. However ROS can 

participate at various stages of histone 

acetylation/deacetylation by HATs and HDACs or in the 

competition between HATs and HDACs that creates 

additional difficulties in the investigation of ROS 

signaling. 

      ROS are able to influence histone acetylation directly 

and indirectly (in the reactions catalyzed by HATs and 

HDACs). In 2002 Rahman et al. [32] showed that 

hydrogen peroxide enhanced histone acetylation in 

alveolar epithelial cells. Later on these authors also 

demonstrated that co-treatment by hydrogen peroxide and 

environmental particles with a diameter of <10 μm (PM 

10) in human lung alveolar-like epithelial cells enhanced 

the acetylation of histone 4 (H4) and HAT activity. 

Enhanced H4 acetylation depended on the level of 

oxidative stress and was inhibited by thiol antioxidants 

[33]. Similarly, hydrogen peroxide increased histone H4 

acetylation and HAT activation in human cells [34]. 

      Thalidomide-induced ROS formation induced histone 

H4 acetylation after an increase in the expression of γ-

globin gene and the activation of p38 MAPK kinase [35]. 

ROS produced in endothelial cells by high levels of 

glucose promoted acetylation of histone H3 [21]. Glucose 

deprivation-induced oxidative stress led to the 
accumulation of ROS and the depletion of reduced 

glutathione (GSH) which inhibited HDAC activity, 

increased acetylation in miR-466h-5p promoter region, 
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and the activation of miRNA [36]. ROS generated by both 

mitochondria and NADPH oxidase participated in the 

ethanol induced acetylation of histone H3 at Lys9 in the 

primary cultures of rat hepatocytes [37]. Histone 

acetyltransferase GCN5 controlled superoxide-generating 

system in leukocytes through the regulation of gp91-phox 

gene expression. GCN5-depended superoxide production 

probably increased the acetylation of H2BK16 and H3K9 

histones around the promoter of gp91-phox gene [38].  

       Similarly to the dual effects of ROS on DNA 

methylation, ROS can also inhibit histone acetylation. For 

example it was found that cupric ions inhibited histone 

acetylation by triggering oxidative stress. 

Histone acetylation was also efficiently suppressed by 

exogenous hydrogen peroxide and enhanced by SOD and 

catalase [39]. Likewise, exposure of human hepatoma 

cells to nickel ions induced ROS generation which 

inhibited histone acetylation [40]. ROS generation 

reduced histone H3 acetylation under hyperglycemic 

condition in preadipocytes [22]. The treatment of human 

hepatoma cells with curcumin (Cur) (dietary pigment 

derived from Curcuma longa) led to the significant ROS-

dependent HAT-catalyzed decrease at histone acetylation 

[41]. The HAT inhibitor chaetocin suppressed the 

trimethylation of histone H3 and induced apoptosis in 

leukemia cells by a ROS-dependent mechanism [42]. 

TGF-β1-mediated ROS formation decreased histone 

acetylation by increasing HDAC-2 activity [43]. 

       There could be various reasons of ROS opposite 

effects on histone acetylation. For example it has been 

suggested that enhanced oxidative stress might lead to the 

imbalance of HAT and HDAC stoichiometry and 

contribute to the heightened inflammatory response 

increasing the acetylation of inflammatory gene 

promoters in the cystic fibrosis (CF) airways [44]. 

 

ROS Signaling in Regulation of Transcription Factor 

Foxo and Sirtuin Histone Deacetylases  

 

Sirtuin histone deacetylases regulate FOXO transcription 

factors responsible for cell growth, proliferation, and 

longevity. It has been found that these regulatory 

processes as a rule depend on ROS signaling. In addition 

ROS effects on Foxo and HDACs Sirt1 and Sirt2 are 

frequently linked. In 2002 Korp et al. demonstrated that 

protein kinase B (Akt) regulated Foxo3a by reducing ROS 

generation in quiescent cells through an increase in 

messenger RNA and the MnSOD protein [45]. Similarly 

Akt activation and hydrogen peroxide are able to 

upregulate Foxo3a on both transcriptional and protein 

levels [46]. It was also found that hydrogen peroxide can 
enhance Foxo reversible acetylation which was inhibited 

by Sirt2 [47].  

      Treatment with hydrogen peroxide caused the 

upregulation and nuclear translocation of FoxO1 in mouse 

follicular granulosa cells (MGCs) [48]. Activation of 

Foxo3 induced two sequential ROS waves as a result of 

Bim-dependent impairment of mitochondrial respiration 

in neuronal cells with following apoptosis [49]. Induction 

of oxidative stress in mouse cardiomyocytes promoted 

Foxo1 and Foxo3 nuclear localization and gene 

activation. Enhanced Foxo1 or Foxo3 expression reduced 

ROS formation and diminished cell death. These findings 

supported a critical role for Foxo1 and Foxo3 in 

cardiomyocyte survival during oxidative stress and 

possible effectiveness of antioxidants [50]. 

     As it was mentioned above, Foxo and Sirtuin can 

interact during various epigenetic modifications. It has 

been found that the activity of Sirt1 declines with age and 

that pharmacological activators of Sirt1 confer significant 

anti-aging cardiovascular effects. Deregulation of Sirt1 

resulted in the NADPH oxidase-dependent ROS 

production and impaired endothelial function [51]. It was 

also found that ROS induced the formation of cysteine-

thiol disulfide–dependent complexes of Foxo and the 

p300/CBP acetyltransferase. Foxo modulation of 

p300/CBP-mediated acetylation was fully dependent of 

the formation of this redox-dependent complex [52]. 

Deacetylation of Foxo by Sirt1 influenced the Foxo target 

gene expression, subcellular localization, and protein 

stability [53]. Sirt1 also protected against emphysema 

(chronic obstructive pulmonary disease, GOPD) through 

Foxo3-mediated reduction of cellular senescence [54]. 

       It has been suggested that Sirtuim HDACs might 

exhibit both oxidant and antioxidant effects at epigenetic 

modifications including acetylation/deacetylation. For 

example tumor suppressor histone deacetylase Sirt3 

diminished superoxide production through the 

deacetylation and activation of MnSOD [55]. At the same 

time hydrogen peroxide treatment increased Sirt2 

expression in the cells of caloric-restricted mice. However 

attaching Sirt2 to Foxo3a reduced its acetylation and 

decreased ROS production.  As a result, mammalian Sirt2 

responded to caloric restriction and oxidative stress by the 

deacetylation of Foxo transcription factors [56]. 

       It is known that the enzymatic activity of MnSOD is 

regulated by the reversible acetylation of evolutionarily 

conserved lysines. Mitochondrial anti-aging protein Sirt3 

depends on the changes in mitochondrial nutrients or 

redox status. Sirt3 is able to modify MnSOD activity and 

change the levels of superoxide production [57]. For 

example it has been shown that Sirt3 reduces MnSOD-

depended superoxide levels by deacetylation of two 

critical lysine residues on MnSOD. Owing to this Sirt3 
can increase antioxidative activity and oxidative stress 

resistance in cells [58].  
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       The key tumor suppressor gene p53 plays critical role 

in tumor prevention. It has been shown that p53 can 

exhibit both prooxidant and antioxidant properties. For 

example high ROS levels can activate p53 resulting in 

p53-mediated apoptosis and senescence. On the other 

hand under conditions of low oxidative stress p53 can 

reduce ROS levels in cells, prevent oxidative stress-

induced DNA damage and promote cell survival [59]. 

There are numerous data on Sirt1-depended deacetylation 

of p53 although ROS signaling in this process is not 

extensively studied. However Xu et al. showed that high-

fat diet and exposure to hydrogen peroxide increased p53 

lysine-382 acetylation which was inhibited by Sirt1in 

mice [60].  

 

ROS Signaling in Acetylation and Methylation of 

Histones and Other Proteins in Aging  
 

ROS-induced DNA methylation in aging has already been 

considered above. Similarly histone methylation and 

acetylation can be changed in aging. For example H4K16 

hypoacetylation (AcH4K16, the acetylated lysine 16 of 

histone H4) which is associated with normal aging can 

contribute to genomic instability by reducing DSB repair 

[61]. The loss of H3K4 methylation was found in 

retinoblastoma tumor suppressor gene. H3K4 

demethylases Jarid1a and Jarid1b catalyzed H3K4 

demethylation contributing to silencing of retinoblastoma 

target genes in senescent cells. Therefore Jarid1a and 

Jarid1b are tumor-suppressors controlling cellular 

senescence [62]. ROS significantly increased the 

acetylation levels of H4K12 in porcine oocytes during 

porcine oocyte aging in vitro [63]. Antioxidants such as 

epigallocatechin-3-O-gallate (EGCG) are apparently able 

to suppress hydrogen peroxide-induced cellular 

senescence by reducing p53 acetylation in human dermal 

fibroblasts [64]. On the other hand resveratrol (3,5,4'-

trihydroxy-trans-stilbene, a natural phenol and cancer 

suppressor) inhibited cancer cell growth and stimulated 

premature senescence by ROS-dependent DNA 

interaction [65]. Cellular senescence might be regulated 

by histone modification of p66She gene. It is possible that 

epigenetic enhancement of p66Shc depends on the 

increased histone acetylation and methylation and 

contributes to cellular replicative senescence or premature 

senescence [66]. 

 

Nucleophilic mechanism of superoxide-dependent 

epigenetic processes  
 

The quoted above examples of superoxide-dependent 
DNA methylation and histone modification demonstrate 

an importance of superoxide signaling in these processes. 

One principal characteristic of these findings is the 

possibility of superoxide signaling to influence both the 

acceleration and suppression of epigenetic modifications. 

Such a behavior is not typical for free radicals which 

usually suppress chemical and biochemical reactions by 

damaging of biomolecules. Therefore we propose that the 

role of superoxide in epigenetic processes is not a typical 

for free radicals.  

       As it was noted above, superoxide is actually a 

nucleophilic agent and therefore is able to accelerate or 

decelerate the reactions of hydrolysis and etherification. 

However there is another important characteristic of 

superoxide signaling in biochemical processes. Both 

superoxide and hydrogen peroxide responsible for ROS 

signaling are free diffusible species which are not 

principally bound to enzymes or substrates. Therefore 

biological systems are really saturated with these species 

which concentrations are changed or unchanged during 

epigenetic processes (or any other biochemical 

processes). Correspondingly ROS signaling cannot 

influence only one stage of a multistage process but ought 

to affect all of them simultaneously. Of course, ROS are 

able to participate only on those stages where they can 

react with some molecules or participate in redox 

reactions. Nonetheless it is wrong to consider ROS 

signaling able to influence only one stage of multistage 

process without affecting the other stages. 

 

 

 
 
Figure 2. Mechanism of DNA methylation catalyzed by 

(cytosine-5)-DNMT in which cytosine C5 is attacked by the 

enzyme nucleophile with the subsequent formation of a 

transient covalent complex. 

 

 

DNA Methylation  

 

DNA methylation and histone modification are processes 

catalyzed by positive charged species. It has been shown 

that CpG sites, the DNA regulatory sites of gene promoter 

regions (the sites containing cytosine nucleotides next to 

guanine nucleotides), are major targets of DNA 

methylation. The principal intermediate (the catalyst) of 

the methyltransferase (DNMT)-catalyzed methylation of 

CpG-cytosines is S-adenosyl-L-methionine (SAM) 
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having a positive charge at the sulfur atom. In 1987 Wu 

and Santi [67] proposed that the mechanism of DNA 

methylation catalyzed by (cytosine-5)-DNMT involved 

the attack on cytosine C5 by the enzyme nucleophile with 

the subsequent formation of a transient covalent complex. 

Subsequent works confirmed the formation of the DNA-

SAM complex and supported the nucleophilic mechanism 

of this reaction (Fig.2). It was also proposed that 

nucleophilic insertion of methyl group at the C5 carbon 

atom of cytosine molecule can take place only after 

attachment of negative-charged cysteine residue to C6 

carbon in order to supply nucleophilic properties to the C5 

position [68,69]. 

 

 
 

 
Figure 3. Superoxide-dependent mechanism of DNA 

methylation. 

 

 

       The attachment of cysteine residue to the C6 carbon 

atom makes possible a nucleophilic attack by positive 

charged S-adenosyl-L-methionine because it converts 

cytosine molecule into a negatively charged one. 

Therefore the formation of the DNA-SAM complex 

containing cysteine residue is the first step of DMNT-

catalyzed DNA methylation. However there is another 

pathway for the SAM nucleophilic attack. As we have 

mentioned above, a free diffusible superoxide always 

presents in cellular systems. Therefore we can suggest that 

the first step of DNA methylation will be the 

deprotonation by superoxide of cytosine at C5 position. In 
this case the direct nucleophilic attack of SAM on 

cytosine molecule with the formation of DNA-SAM 

complex and its subsequent dissociation and formation of 

methylcytosine becomes possible (Fig. 3). This new 

mechanism is not excluded a previous one. It is possible 

that the competition between two mechanisms might 

depend on superoxide concentration under physiological 

or pathological conditions.  

 

Histone Modification   

 

During histone modification lysine residues in the N-

terminal tails are acetylated and deacetylated via reactions 

catalyzed by histone acetyltransferases (HAT) and histone 

deacetylases (HDAC). In these reactions the positively 

charged protonated lysine residues interact with acetyl-

coenzyme A (AcCoA), a supplier of acetyl group (Fig. 4). 

It has been proposed that similarly to DNA methylation 

this process proceeds by a nucleophilic mechanism and 

consists of the stages of protonation, formation of the 

(lysineNH3
+)-AcCoA-HAT complex, and its dissociation 

to lysine-NHAc [70-72]. As in the case of DNA 

methylation, it was assumed that the deprotonation of 

histone molecule is catalyzed by a negatively charged 

base, the glutamic acid-173 residue of HAT. We now 

suggest that superoxide can again carry out the function 

of a negatively charged base (Fig.4). 

       New nucleophilic mechanisms of DNA methylation 

and histone modification are of course hypothetic ones 

and need additional experimental evidences. However for 

the first time these hypotheses are able to explain the role 

of ROS in epigenetic processes.    

 
Ros signaling in DNA methylation and histone 

modification in cancer and aging  

 

As it was noted above, major nucleophilic agents, 

superoxide and hydrogen peroxide are free diffusible 

molecules which are always formed in cells. Therefore 

ROS are capable of affecting many stages of epigenetic 

modifications. It is quite possible that the effects of ROS 

in the cancer and senescence cells depend on their 

concentration. Furthermore the change in ROS 

concentrations under pathological conditions could 

increase or decrease these epigenetic processes.  

       It is known that cancer cells exist under the conditions 

of enhanced oxidative stress [1,10,73]. For this reason 

ROS effects on epigenetic modifications in cancer cells 

might be elevated. However it is of an utmost importance 

that ROS signaling results in silencing tumor suppressor 

genes and stimulates tumor progression. For example it 

was shown above that ROS-dependent DNA methylation 

inactivated tumor suppressor gene p16 [16], 

downregulated catalase gene in hepatocellular carcinoma 

through the methylation of catalase promoter [13], 

stimulated the cancer-specific aberrant DNA methylation 

and transcriptional silencing [16], and so on. Therefore 
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silencing of tumor suppressor and antioxidant genes 

through DNA methylation might be the additional 

important cause of cancer cells survival under the 

conditions of enhanced oxidative stress (Fig.5).  

 

 

 

 

 

 
 

 

 
Figure 4. Mechanism of superoxide-dependent histone acetylation 

 

 

 

There are numerous data demonstrating an increase 

in ROS formation in the age (quoted in Ref.74). It is 

usually believed (the Harmon theory) that enhanced 

oxidative stress is a major cause of aging development. Is 

it accompanied by the change in DNA methylation? The 

above data on the role of reactive oxygen species in DNA 

methylation in aging are very tentative. It has been shown 

in some studies [23-25] that ROS stimulated DNA 

hypomethylation in the age but these data should be 

confirmed by future works.  

      ROS generation strongly affects histone modification 

although its effects can be of opposite directions in 

different systems. Numerous reasons might be 

responsible for these discrepancies. Therefore the role of 

ROS in histone acetylation/deacetylation in cancer and 

aging remains unclear. Again, additional future 

experimental data are needed for evaluation of ROS 

effects in histone modification.  

 

Conclusions 

 

ROS (superoxide and hydrogen peroxide) are the active 

intermediates of DNA methylation and histone 

modification. These reactive oxygen species can take part 



 I. Afanas’ev                                                                                                                           ROS, Nucleophilic Epigenetics 

Aging and Disease • Volume 5, Number 1, February 2014                                                                               59 
 

in epigenetic processes by the reactions of nucleophilic 

substitution. ROS signaling is of utmost importance 

during cancer development and probably should be taken 

into account under consideration of aging processes. The 

participation of ROS in nucleophilic reactions represents 

the first explanation of their role in epigenetic processes. 

 

 

 

 
 

 
Figure 5. ROS-dependent DNA methylation in cancer and senescent cells 
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