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1. Introduction 

Peroxynitrite is a member of reactive nitrogen species that also includes nitric oxide (·NO) 
and nitrogen dioxide radical (NO2·). Peroxynitrite is a reactive nitrogen species and an anion 
with the formula (ONOO−). It is an unstable ‘valence isomer’ of nitrate (NO3−), making it an 
oxidant and nitrating agent. Because of its oxidizing properties, peroxynitrite can damage a 
wide range of molecules in cells, including DNA and proteins (1). It is produced by the body 
in response to a variety of environmental toxins, stress, ultraviolet light and many other 
stimuli. It is also produced in the body due to ischemia/ reperfusion injury and 
inflammation (2, 3). In vivo, peroxynitrite is formed in the macrophages, endothelial cells, 
platelets, leukocytes, neurons, etc by the reaction between O2· – and ·NO (4, 5). Tissue 
inflammation and chronic infection lead to the overproduction of ·NO and O2·–, which 
rapidly combine to yield peroxynitrite: O2· – + ·NO → ONO2−. Endothelial ·NO synthase 
(eNOS) is responsible for most of the vascular ·NO produced. The eNOS oxidizes its 
substrate L-arginine to L-citrulline and ·NO. A functional eNOS requires dimerization of the 
enzyme, the substrate L-arginine, and an essential cofactor, BH4 (5,6,7,8-tetrahydro-L-
biopterin). The O2· – produced can react with vascular ·NO to form peroxynitrite. 
Diminished levels of BH4 promote O2· – production by eNOS. The transformation of eNOS 
from a vasoprotective enzyme to a contributor to oxidative stress has been observed in 
several in vitro systems, animal models of cardiovascular diseases and in patients with 
cardiovascular risk factors (6). In inflammation or septic shock, ·NO is also synthesized by 
the inducible ·NO synthase (iNOS), an isoform that is expressed in many cell types 
including vascular endothelial cells, vascular smooth muscle and inflammatory cells in 
response to pro-inflammatory cytokines. Peroxynitrite, can be formed intravascularly in 
various disease conditions when there is overproduction of either ·NO or O2· – (7). The 
intravascular formation of peroxynitrite can result in oxidative modifications of plasma and 
vessel wall proteins including the formation of protein-3-nitrotyrosine. Protein tyrosine 
nitration in plasma or vessel wall proteins may be indicative of peroxynitrite formation, and 
constitutes a good biomarker of ·NO-derived oxidant production in the vascular space. 
Detection of 3-nitrotyrosine in vivo has attracted considerable interest not only as a 
biomarker of peroxynitrite formation but also as a predictor of vascular risk (8). 
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Peroxynitrite is a potent oxidant and nitrating species formed by rapid reaction of two free 
radicals – nitric oxide  and superoxide anion (9). It can modify variety of biomolecules but 
possesses high affinity for tyrosine residues in proteins, and 3-nitrotyrosine is a relatively 
specific marker of peroxynitrite mediated damage to proteins (10). Other markers of 
peroxynitrite-induced protein modifications are; cysteine oxidation, oxidation/nitration of 
tryptophan and tyrosine, protein carbonyls, dityrosine and fragmentation. In view of 
numerous reports on detection of significant amount of 3-nitrotyrosine in various 
pathological conditions, the significance of non-enzymatic tyrosine nitration in health and 
disease has become a subject of great interest. Protein nitration has been observed in 
atherosclerosis, hypertension, Parkinson’s, Huntington’s and Alzheimer’s disease (11-13), 
multiple sclerosis (14), autoimmune myocarditis (15), systemic lupus erythematosus (SLE) 
(16) and rheumatoid arthritis (17). Furthermore, self proteins become immunologically 
active if their structure is altered. Accumulations of a variety of chemically modified 
proteins have been reported in inflamed tissues or apoptotic cells (18). 
Histones are highly conserved proteins but poorly immunogenic. These positively charged 
proteins were found to be immunogenic after acetylation or complexation with RNA. 
Autoantibodies against histones are present as often as anti-DNA antibodies in SLE. It has 
been demonstrated that anti-native DNA autoantibodies are commonly co-present with 
anti-histone autoantibodies and may react with each of the five chromatin-associated 
histones and also with H3–H4 and H2A–H2B complex (19). However, importance of anti-
histone antibodies in SLE is confounded by discrepancies in their reported prevalence, 
isotype, specificity and correlation with symptoms. Over expression of inducible nitric oxide 
synthase enzyme has been seen in numerous tissues of active SLE patients, vis-à-vis higher 
level of serum nitrotyrosine. Nitrotyrosine serves as a long-term indicator of peroxynitrite-
mediated protein modification and it is not affected by endogenous source of NOx or serum 
thiol (20). The in vivo nitration of histones (as shown in cultured cells exposed to nitric oxide 
donors and mutatect tumour tissues) appears to be a potentially useful marker for 
demonstrating extended exposure of cells/tissues to NO derived reactive nitrogen species. 
The generation of peroxynitrite by activated macrophages, neutrophils and endothelial cells 
and presence of nitrotyrosine in human tissues, fluids and in animal models of various 
diseases needs further investigation on protein-peroxynitrite interactions (21).  

2. Cellular biochemistry and pathology  

Peroxynitrite is a relatively long-lived oxidant that may serve as an important cytotoxic agent. 
Its biological effects are due to its reactivity toward a large number of molecules including 
lipids, amino acids, and nucleic acids. It is involved in tissue damage in a number of 
pathophysiological conditions such as neurodegenerative diseases, cardiovascular disorders, 
etc. (1-3). Evidence suggests that most of the cytotoxicity attributed to nitric oxide is due to 
peroxynitrite, produced from the reaction between the free radical species, ·NO and O2· – . 
Peroxynitrite interacts with lipids, DNA and proteins causing oxidative damage and other free 
radical induced chain reactions. These reactions trigger cellular responses such as cell 
signaling, oxidative injury, committing cells to necrosis or apoptosis. In vivo, peroxynitrite 
generation represents a crucial pathological mechanism in conditions such as stroke, myocardial 
infarction, chronic heart failure, diabetes, inflammation, neurodegenerative disorders and 
cancer. Even though nucleic acid antigens are by themselves poorly immunogenic, their 
antigenicity can be enhanced by modification through different free radicals (8). 
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Peroxynitrite exhibits unique chemical reactivities such as protein nitration, DNA strand 
breakage, base modification, etc., which may have cytotoxic effects and also lead to 
mutagenesis. It is thought to be involved in both cell death and an increased cancer risk (8-
22,23). The reaction of peroxynitrite with lipids leads to peroxidation (malondialdehyde and 
conjugated diene formation) and formation of nitrito-, nitro-, nitrosoperoxo-, and nitrated 
lipid oxidation derivatives (24-26). Peroxynitrite is a particularly effective oxidant of 
aromatic molecules, thioethers and organosulfur compounds that include free amino acids 
and polypeptide residues. 
The reaction of various amino acids with peroxynitrite leads to the following products: 1) 
cysteine and glutathione are converted to disulfides; 2) methionine is converted to sulfoxide 
or is fragmented to ethylene and dimethyl disulfides. Dimethyl sulfoxide is oxidized to 
formaldehyde; and 3) tyrosine and tryptophan undergo one electron oxidation to radical 
cations, which are hydroxylated, nitrated and dimerized (27-29). Exposure of amino acids, 
peptides and proteins to ionizing radiation such as gamma radiation and peroxynitrite in 
the presence of O2, give rise to hydroperoxides. These hydroperoxides decompose to oxygen 
and carbon centered radicals on exposure to copper (Cu+) and other transition metal ions. 
Hydroperoxide formation on nuclear proteins results in oxidative damage to associated 
DNA. These hydroperoxide-derived radicals react readily with pyrimidine DNA bases and 
nucleosides to form adduct species, for example 8-oxo-dG. This adduct is highly mutagenic 
and induces G:C to T:A transversions in human DNA after replication (30). 
A change in the structure of DNA could either be due to radiation or due to interaction with 
different free radicals (31). Since there are many polybasic compounds in the vicinity of 
DNA, there exists a possibility of their interaction with DNA on exposure to radiation or 
free radicals. Lysine and arginine-rich histones in nucleosomes on modification by 
environmental agents form histone-DNA adducts, making it immunogenic. It appears that 
the pathogenic anti-DNA autoantibodies are generated through some modified epitopes on 
nucleic acids (32-34). Prominent DNA modifications induced by exposure to peroxynitrite 
include the formation of 8-nitro-guanine and 8-oxyguanine, as well as the induction of 
single-strand breaks (35). Peroxynitrite reacts significantly only with guanine, which upon 
oxidation and nitration leads to mutagenicity and strand breaks, respectively. Peroxynitrite 
also damages DNA by covalent bond formation and removal of DNA bases (36). 
Purine nucleotides are vulnerable to oxidation and to adduct formation (37,38). 
Peroxynitrite is a mutagenic agent with a potential to produce nitration, nitrosation and 
deamination of DNA bases. Methylation of cytosine in DNA is important for the regulation 
of gene expression and normal methylation patterns are altered by the carcinogenic effect of 
peroxynitrite (39). Prominent DNA modifications induced by peroxynitrite include the 
formation of 8-nitro-guanine and 8-oxyguanine, as well as the induction of single strand 
breaks (40). DNA single strand breaks generated by peroxynitrite leads to activation of the 
nuclear enzyme, poly (ADP-ribose) synthetase (PARS), which can trigger cellular suicidal 
pathway. Single strand breaks generated by peroxynitrite can arise from two processes: 1) 
sugar damage, which involves abstraction of hydrogen leading to the formation of sugar 
radical or 2) base damage, which rapidly depurinates to generate abasic sites, finally 
resulting in single strand breaks (41). Peroxynitrite is mutagenic in the supF gene inducing G 
to T transversions and deletions clustered at the 5’ end of the gene. The mutagenicity of 
peroxynitrite is believed to result from chemical modifications at guanine leading to 
miscoding (42). Carcinogenesis is induced by altered DNA or tissue damage, mutations and 
chromosomal aberrations (43,44). Peroxynitrite is a mutagenic agent with the potential to 
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produce nitration, nitrosation and deamination reactions on DNA bases. It reacts 
significantly only with guanine, which upon oxidation and nitration leads to mutagenicity 
and strand breaks, respectively (45,46). Peroxynitrite levels are elevated in inflammation and 
infection and play an important role in autoimmunity and carcinogenesis (Figure 1). It 
damages tumor suppressor genes and leads to the expression of proto-oncogenes. 
Peroxynitrite induced DNA damage leading to mutations has been strongly implicated in 
carcinogenesis (47) (Figure 1). 
 

 

Fig. 1. The role of peroxynitrite, a reactive nitrogen species, in the etiopathogenesis of 
autoimmune disorders, such as systemic lupus erythematosus (SLE) and progressive 
systemic sclerosis (PSS). 

Proteins are targets of reactive nitrogen species such as peroxynitrite and NO2. Among the 

various amino acids in proteins, tryptophan residues are especially susceptible to attack by 

reactive nitrogen species (48). Peroxynitrite is capable of oxidizing protein and non-protein 

sulfhydryl (-SH) groups including lipid peroxidation and reactivity with aromatic amino 

acid side chain in proteins to form nitroadducts (49). Peroxynitrite induced tyrosine 

nitration may lead to dysfunction of nitrated proteins, SOD, cytoskeletal proteins, neuronal 

tyrosine hydroxylase, cytochrome P450 and prostacyclin synthase (50-53). Oxidation of 

critical -SH groups is responsible for the inhibition of mitochondrial and cytosolic aconitase 

and other critical enzymes in the mitochondrial respiratory chain (54). Peroxynitrite 

mediated nitration of myofibrillar creatine kinase activity may lead to contractile 

dysfunction of the heart (55). Peroxynitrite-modified cellular proteins are subject to 

accelerated degradation via the proteosome (56). 

Adducts arise from the chemical modification of bases in DNA or amino acids in proteins by 

toxic chemicals and high energy UV radiation. Many chemicals known to be carcinogenic in 

(neoepitopes)
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humans have been shown to form adducts. Ultraviolet radiation is regarded as one of the 

major environmental factors responsible for the photoconjugation of DNA with amino acid 

residues. Lysine is an amino acid of particular interest as a potential participant in DNA-

protein photo-cross-linking. Nearly 60% of thymine and cytosine bases in DNA are modified 

due to lysine photoaddition and approximately every helical turn of DNA contains one lysine 

molecule in the photobound state (57). It appears to enhance the antigenicity of the DNA-

lysine adduct, suggesting possible roles of peroxynitrite-induced neoepitopes in damaged 

DNA in the production of autoantibodies in cancer patients (58). 

Ahmad et al have characterised the peroxynitrite treated human-DNA lysine photoadduct 

(59). We have investigated the photochemical addition of lysine to native DNA in view of its 

potential importance in the photo-cross-linking of histones to DNA in chromatin. The C-2 

carbon atom of thymine in DNA undergoes a covalent photoaddition reaction with the ε-
amino group of lysine on UV irradiation to form a DNA-lysine photoconjugate or photoadduct 

(57). The UV spectroscopic analysis of the DNA-lysine photoadduct showed 

hyperchromism, indicating either the formation of single-stranded breaks in DNA or 

“breathing” of a double-stranded polymer at the site of lysine conjugation. Peroxynitrite 

caused substantial damage to the DNA-lysine adduct as evident from the hyperchromicity 

of the spectral curve, which could be attributed to the generation of strand breaks (Figure 

2A). On peroxynitrite modification, the hypochromicity increased, which may be due to the 

shielding effect of lysine, limiting the sites for peroxynitrite action. Hypochromicity may 

also be attributed to the extensive cross-linking between peroxynitrite and the DNA-lysine 

adduct (31). 

As shown in Figure 2B, the fluorescence emission intensity (FI) was highest for native DNA 

(curve 1) and least for the DNA-lysine photoadduct (curve 3). However, on peroxynitrite 

modification there was a change in the emission intensity, as seen in the figure (curve 2). A 

decrease in FI of 45.2% for the DNA-lysine photoadduct in comparison to the peroxynitrite-

modified DNA-lysine adduct was observed from fluorescence spectroscopy measurements. 

Loss of FI of 21.3% in the peroxynitrite-modified adduct with respect to native DNA is 

indicative of the loss of structural integrity in DNA and generation of single-strand regions 

(59). The UV absorption and fluorescence characteristics of native and modified lysine 

photoadduct have been summarized in Table 1. 

 

Properties Native DNA Native adduct Modified adduct 
 

A260/280 ratio 1.74 1.20 1.01 
 

Melting temperature 
(◦C) 

75 70 85 
 

Hyperchromicity (%) — 52 84 
 

Loss of FI (%) — 76.1 21.3 
 

Table 1. Absorption and fluorescence characteristics of native DNA, DNA-lysine 
photoadduct (native adduct) and peroxynitrite-modified photoadduct (modified adduct) 
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(a) 

 

 

(b) 

Fig. 2. UV absorption spectra of native DNA (curve 3), DNA-lysine photoadduct (curve 2) 
and peroxynitrite-modified adduct (curve 1). 2B: Fluorescence spectra of native DNA (curve 
1), DNA-lysine photoadduct (curve 3), and peroxynitrite-modified adduct (curve 2). 

The melting profile of the DNA-lysine photoadduct reveals that the ultraviolet radiation 
induced covalent incorporation of lysine into the native DNA. The photoaddition of lysine 
to DNA might have obliterated the favorable A = T and G = C pairing interaction of double 
helical native DNA (57), thus decreasing the duplex melting temperature (Tm) by 5ºC 
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relative to the fully paired parent native DNA. In the study, on peroxynitrite treatment, the 
Tm of the DNA-lysine adduct increased by 15◦C with respect to the native DNA-lysine 
photoadduct (Figure 3). This may be due to shielding of the available sites for peroxynitrite 
action by lysine. Hence, more energy would be needed to break the covalent bonding 
between lysine and the DNA bases in order to denature the double helix (59). 
 

 

Fig. 3. Thermal melting profile of native DNA (curve 2), DNA-lysine photoadduct (curve 1), 
and peroxynitrite-modified photoadduct (curve 3). 

Biological significance of tyrosine nitration has generated much interest among biomedical 
scientists because abnormal generation of 3-nitrotyrosine in vivo in diverse pathological 
conditions have been proved without doubt. Peroxynitrite is a strong oxidant that can 
oxidize a variety of biomolecules including proteins and non-protein thiol, protein 
sulphides, lipids and deoxyribose. The markers of oxidative damage to proteins include 
mainly carbonyls of lysine, arginine, threonine and proline, oxidized tryptophan, tyrosine 
and cysteine residues and fragmented protein. One persistent footprint left by peroxynitrite 
is nitration of phenolic ring of tyrosine residues in protein. The resultant 3-nitrotyrosine is a 
relatively specific marker of nitrosative stress. A recent study on repair of protein nitration 
in rat tissues by 3-nitrotyrosine denitrase activity suggests that a tyrosine nitration–
denitration pathway participates in nitric oxide/peroxynitrite dependent signal 
transduction, a phenomenon similar to phosphorylation–dephosphorylation system. The 
reports suggest that 3-nitrotyrosine has importance not only as biomarker of nitrogen 
mediated tissue injury but also as a means to gain insight into molecular mechanisms of 
nitric oxide related physiological and pathophysiological phenomena. Furthermore, 
hypernitrotyrosinemia has also been reported in various inflammatory diseases including 
SLE, Sjogren’s syndrome, vasculitis and rheumatoid arthritis (60). 
Alteration of DNA or proteins resulting from photomodification or peroxynitrite could lead 
to the development of antibodies or mutations to modified DNA. Therefore, the DNA-lysine 
photoadduct and modified photoadduct could have important implications in various 
pathophysiological conditions such as toxicology, carcinogenesis, and autoimmune 
phenomena (57). 
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3. Autoimmune phenomenon 

Manifestations of autoimmunity are often complex and heterogenous. It has been postulated 
that the immune response against host antigens could be due to genetic predisposition, 
exaggerated B cell activity, cross-reactivity between foreign and host antigens, etc. The 
foreign antigens arise as a consequence of infection, inflammation, drug administration, 
environmental factors, free radicals, etc (57,61). It has been established that not only oxygen 
but nitrogen free radicals play an important role in the pathogenesis of several human 
diseases. Reactive nitrogen species is produced by the reaction of nitric oxide with 
superoxide. Nitric oxide radical participate in some pathological conditions such as arthritis, 
vasculitis, asthma, hypertension, etc. It is also an unstable molecule like oxygen free radical 
but less reactive and can react with proteins (31).  
Two diseases that are considered as a prototype for systemic autoimmunity are systemic 
lupus erythematosus (SLE) and rheumatoid arthritis (RA). SLE is a multi-systemic disorder 
characterized by a variety of autoantibodies and abnormal lymphocyte function that are 
responsible for many of the clinical manifestations important in diagnosis. A hallmark of 
SLE is the presence of antinuclear antibodies (ANA). ANA are prototype autoantibodies 
that mark the course of rheumatic diseases (62). Because of the close association between 
ANA and clinical diagnosis, these antibodies have become a key component in the 
evaluation of patients. These antibodies target a diverse range of macromolecules including 
DNA, RNA, proteins and protein-nucleic acid (PNA) complexes. Antibodies to DNA have 
been particularly associated with SLE which is considered to be a prototype autoimmune 
disease. Native DNA is no longer regarded as the antigen initiating the disease mainly 
immunization with nDNA does not produce SLE like symptoms. A few of the possible 
candidates could be polynucleotides, denatured DNA, RNA or modified DNA.  While 
antibodies to single stranded DNA are formed in several inflammatory complexes including 
RA; antibodies to double stranded DNA serve as an immunochemical marker in the 
diagnosis of SLE (63). Serum obtained form SLE individuals have been shown to possess 
anti-DNA antibodies of diverse antigenic specificity. These anti-DNA autoantibodies have 
been used to evaluate therapeutic effect and clinical features of SLE patients (64,65).  
The origin of autoantibody remains an enigma and the production of anti-DNA antibodies 
is even more complicated. Even though nucleic acid antigens are themselves poorly 
immunogenic, their antigenicity can be enhanced by modification with agents such as free 
radicals. Autoantibodies produced against such modified macromolecule are the hallmark 
of systemic human disease, SLE. B cell hyperactivity and the production of pathogenic 
autoantibodies is the main immunonological event in the pathogenesis of this disease. One 
approach to study the pathogenesis of SLE and determine how the autoantibody response is 
initiated and sustained is to analyse variable genes expressed by antibodies. Quantification 
of this repertoire has revealed the presence of a specific expansion of IgG clonotypes that 
impart reactivity with disease related autoantigens. The amino acid and nucleotide sequence 
of autoantibodies derived from human lupus present in immune complexes and renal 
eluates of subjects with active disease show features of diversification with a high rate of 
replacement or silent mutations and the clustering of mutations in the hypervariable region. 
This distinctive feature implies that a pure polyclonal activation cannot be the only 
mechanism responsible for autoantibody production. An antigen-driven process is more 
likely to play a role in their generation. It has been suggested that the antibodies may be 
stimulated by nucleic acid antigens or pathogens. B cells whose paratopes have 
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complementary determining regions (CDR) which are formed by amino acids that can 
promote DNA binding may be selectively stimulated by nucleic acid related structures (31).  
A number of studies support the role of free radicals in the initiation and progression of 
autoimmune response. Therefore, in chronic inflammatory diseases, peroxynitrite generated 
by phagocytic cells may cause damage to DNA and proteins, generating neoepitopes that 
lead to the production of antibodies cross-reacting with nDNA or histone proteins. 
Modification of native DNA or proteins by peroxynitrite might also lead to the generation of 
neoepitopes on the molecule, and may be one of the factors for the induction of the immune 
responses as seen in an autoimmune disease like systemic lupus erythematosus (SLE) (58). 
The peroxynitrite modified human DNA was found to be highly immunogenic in rabbits 
inducing high titre immunogen specific antibodies (Figure 4). The data demonstrate that the 
antibodies, though cross-reactive with various nucleic acids and polynucleotides, 
preferentially bind peroxynitrite-modified epitopes on DNA (58). 
 

 

Fig. 4. Antigenicity of peroxynitrite modified human DNA. Direct binding ELISA of anti-
peroxynitrite-human DNA antisera (○) and pre-immune sera (●). The microtitre plates were 
coated with peroxynitrite modified-human DNA (2.5 μg/ml).  

DNA is a non-immunogenic entity, but any significant unrepaired alteration in its basic 
structure could render it “foreign,” leading to the activation of immune pathways. A change 
in the structure of DNA could either be due to radiation or interaction with different free 
radicals. NO and its derivatives are among the radicals known to interact with DNA and are 
primarily involved in deamination of DNA bases. Peroxynitrite, on the other hand, leads to 
more extensive damage than that caused by an equivalent dose of ·NO. Formation occurs 
both intracellularly inside macrophages and extracellularly, and causes DNA strand breaks 
and modification of guanine (66). The two main products identified from the reaction of 
deoxyguanosine with peroxynitrite are 8-oxodeoxyguanine and 8-nitroguanine. The former 
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has long been regarded as a reliable biomarker for monitoring DNA damage in studies with 
various oxidizing agents. The peroxynitrite-modified DNA has been shown to acquire 
immunogenicity and was suspected to be one of the causes for generation of autoantibodies 
in cancer and autoimmune disorders (12,67). The peroxynitrite modified DNA is a potent 
immunizing stimulus, inducing high-titer immunogen-specific antibodies in rabbits. 
Peroxynitrite modification might have generated potential neoepitopes against which 
antibodies are raised. The analysis of cross-reactivity indicates that anti-peroxynitrite-DNA 
IgG is immunogen-specific, showing various extents of cross-reactivity attributable to 
sharing of common antigenic determinants. The common antigenic determinants between 
peroxynitrite-DNA and nDNA could possibly be the sugar-phosphate backbone, since 
peroxynitrite attacks DNA and causes single strand breaks through sugar fragmentation. 
Induced antibodies also recognized synthetic polynucleotides, representing A/B 
conformations, with a preference for the B-form (12). Elevated levels of ·NO in systemic 
lupus erythematosus (SLE) patients suggest a role for ·NO in the pathogenesis of the 
disease. Murine models of SLE demonstrate abnormally high levels of ·NO compared 
with normal mice, whereas systemic blockade of ·NO production reduces disease activity. 
Elevated serum nitrate levels correlate with indices of disease activity and, along with 
serum titers of anti-(ds DNA) antibodies, serve as indicators of SLE (68-69). Auto-antibody 
production in SLE has been attributed to either selective stimulation of autoreactive B-
cells by self-antigens or antigens crossreactive with self. The persistence of anti-DNA 
antibodies in SLE patients, despite systems to suppress self-recognition, suggests that the 
response is driven by an antigen resembling nDNA. The DNA damage by peroxynitrite is 
far more lethal than that caused by ·NO alone, leading to the perturbations in nDNA that 
render it immunogenic. This modified DNA might therefore play a role in the induction 
of circulating anti-DNA autoantibodies in various autoimmune disorders including SLE 
(12,59) 
Histones are small, highly conserved cationic proteins which bind DNA. They are weak 
immunogen because of their conserved nature. Histones are major constituent of cells’ 
chromatin and remain confined to nucleus. However, after apoptosis they may appear in 
circulation as nucleosomes. Incidence of autoantibodies against histone H1, H2A, H2B, H3 
and H4 are 60%, 53%, 48%, 36% and 29.5% respectively in the sera of SLE patients (70). 
Histones also act as autoantigens in humorally-mediated paraneoplastic diseases (71). 
Furthermore, anti-histone antibodies have also been reported in polymyositis / 
dermatomyositis (72). 
As peroxynitrite reaction involves free radical intermediates, it may favor cross-linking and 
aggregation during nitration. The extent of cross-linking depends on type of reagent used, 
protein concentration, type of protein and solvent conditions including pH. The exact 
chemical nature of the cross-linking is disputed but linkage of side chains of tyrosine residue 
is the common answer. Formation of tyrosyl radical by peroxynitrite and its reaction with 
another tyrosyl radical (on same or different histone molecule) may generate O,O′-
dityrosine covalent cross-links. Peroxynitrite induces an array of modifications in H2A 
structure namely-tyrosine nitration, formation of protein carbonyl, dityrosine and cross-
linking. Such gross structural changes might favor polymerization of native epitopes of H2A 
histone into potent immunogenic neo-epitopes. The histone proteins are conserved proteins 
and act as weak immunogens. However, they show strong immunogenicity after acetylation 
and alterations in amino acid structure or sequence can generate neo-epitopes on self 
proteins causing and immune attack. The oxidative and nitrative action of peroxynitrite 
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confers additional immunogenicity on H2A histone and probably there is a direct 
correlation between nitration and immunogenicity. In another words, peroxynityrite-
modified H2A still has some old epitopes which are scattered among neo-epitopes. Hence, 
immunization with peroxynityrite-modified H2A may produce polyspecific antibodies 
which can recognize both old and neo-epitopes or altogether there are two types of 
antibodies, one recognizing nitrated neo-epitopes and other binding exclusively with old 
epitopes (73). 
The mechanism of autoantibody production in diseases such as SLE has not yet been clearly 

identified. If antigen selection is an important aspect of differentiation, the nature of the 

stimulating antigen also remains to be determined. The origin of antibodies remains 

obscure, although modified DNA appears to be a causative factor in RA and SLE. It is 

possible that the production of autoantibodies may be the result of free radical attack on 

DNA or histone proteins causing changes at the macromolecule level. It is therefore 

postulated that in chronic inflammatory diseases, free radicals generated by phagocytic cells 

may cause damage to DNA and proteins and antibodies to self-antigen are produced. Also, 

a defect in the control of apoptosis and delayed clearance of apoptotic debris provide 

sustained interaction between free radicals and macromolecules, generating neoepitopes 

which subsequently result in autoimmunity and generating polyspecific autoantibodies (73).  

Sera of animals immunized with native and peroxynitrite-modified histones were tested on 

polysorp wells coated with respective immunogens (Figure 5). Modification by 100 μm 

peroxynitrite conferred more high immunogenicity on H2A histone (73).  

 

 

Fig. 5. Antigenicity of peroxynitrite modified proteins. Direct binding ELISA of 
experimentally induced antibodies against peroxynitrite-modified H2A (□) and native 
histone H2A (■). 

Accumulation of a variety of post-translationally modified self-proteins during inflammation 
may lead to generation or unmasking of new antigenic epitopes that in turn activate B-and/or 
T-cells, thereby impairing or bypassing immunological tolerance. Peroxynitrite-modified H2A 
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histone could act as an autoantigen leading to generation of anti-H2A histone antibodies. It is 
envisaged that anti-histone antibodies seen in a sub-group of SLE patients might originate 
from immunological activity of peroxynitrite-modified histones due to their protection from 
digestion by normal proteolytic machinery (61). In the context of anti-histone antibodies in 
drug induced lupus erythematosus, it is quite possible that the drug itself might mimic 
reaction(s) pathway(s) leading to abnormal synthesis of peroxynitrite. The peroxynitrite may 
then modify the structure of histone making it immunogenic (76). 
Hence, alteration of DNA or proteins resulting from photomodification or peroxynitrite 
could lead to the development of antibodies or mutations to modified DNA. Therefore, the 
DNA-lysine photoadduct and modified photoadducts could have important implications in 
toxicology, carcinogenesis, and autoimmune phenomena. Hence, understanding the 
pathophysiology of peroxynitrite could lead to important therapeutic interventions against 
this increasingly important and physiologically relevant reactive nitrogen species.  
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