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1. Introduction  

Recently, chronic inflammation induced by infection has been postulated to be an important 

risk factor of various cancers (Schetter et al., 2010; Aggarwal & Sung, 2011; Kamp et al., 2011; 
Rook & Dalgleish, 2011; Trinchieri, 2011). Many malignancies arise from areas of infection 

and inflammation (Balkwill & Mantovani, 2001; Coussens & Werb, 2002). Epidemiological 
and experimental studies have provided evidence showing that chronic infection and 

inflammation contribute to a substantial part of environmental carcinogenesis (Coussens & 
Werb, 2002; IARC, 2003). It has been estimated that chronic inflammation accounts for 

approximately 25 % of human cancers (Hussain S. P. & Harris, 2007). International Agency 
for Research on Cancer (IARC) has estimated that infectious diseases account for 

approximately 18 % of cancer cases worldwide (IARC, 2003). During inflammation, nitric 
oxide (NO) and reactive oxygen species (ROS) are generated from inflammatory cells and 

considered to play the key role in carcinogenes (Hofseth et al., 2003a; Hofseth et al., 2003b; 
Hussain S. P. et al., 2003; Ohshima et al., 2003). Inducible nitric oxide synthase (iNOS) 

catalyzes the production of NO particularly during inflammation, leading to generation of 
various reactive nitrogen species (RNS), such as NOx and peroxynitrite (ONOO-). RNS 

generated during infection with influenza viruses can mediate the formation of 8-
nitroguanine, a nitrative lesion of nucleic acids, via ONOO- formation (Maeda H. & Akaike, 

1998; Akaike et al., 2003). 8-Nitroguanine formed in DNA is chemically unstable, and thus 
can be spontaneously released, resulting in the formation of an apurinic site (Yermilov et al., 

1995a). The apurinic site can form a pair with adenine during DNA synthesis, leading to 
G:C-to-T:A transversions (Kawanishi & Hiraku, 2006) (Fig. 1). Thus, 8-nitroguanine is a 

potentially mutagenic DNA lesion, which can participate in initiation and promotion in the 
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infection-related carcinogenesis (Loeb & Preston, 1986; Kawanishi et al., 2006). Our studies 
have demonstrated that 8-nitroguanine is formed at the sites of carcinogenesis in humans 

and experimental animals (Ma et al., 2004; Pinlaor et al., 2004b; Ding et al., 2005; Horiike et 
al., 2005; Ma et al., 2006; Hoki et al., 2007a; Hoki et al., 2007b; Fujita et al., 2008; Ma et al., 

2008; Tanaka et al., 2008; Ma et al., 2009; Ma et al., 2010). Moreover, our studies have 
demonstrated that 8-nitroguanine was formed in Oct3/4-positve stem cells in S. 

haematobium-associated cystitis and cancer tissues. Inflammation by S. haematobium infection 
may increase the number of mutant stem cells, in which iNOS-dependent DNA damage 

occures via NF-B activation leading to tumor development (Ma et al., 2011). 

We describe the procedures of these experiments including the 8-nitroguanine antibody 
produce method, and employed this rabbit anti-8-nitroguanine polyclonal antibody to 
examine the formation and localization of 8-nitroguanine in patients and animals with 
inflammation related carcinogenesis by the immunohistochemical method in our laboratory. 
These protocols provide a detailed description of methodologies successfully used to define 
the pattern of 8-nitroguanine expression in pathological samples. Visualization of nuclear 8-
nitroguanine expression aids in assessment of potential sites of nitrative DNA damage 
within inflammation-related carcinogenesis. On the basis of our results, we propose that 8-
nitroguanine is a promising biomarker to evaluate the potential risk of inflammation-
mediated carcinogenesis. 

 

Fig. 1. Formation of 8-nitroguanine during chronic inflammation and proposed mechanism 
of mutation. 
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2. Immunohistochemical identification of 8-nitroguanine 

2.1 Production of anti-8-nitroguanine antibody 

Anti-8-nitroguanine polyclonal antibody was produced by a modified method (Akaike et 
al., 2003). 8-Nitroguanosine was incubated with sodium metaperiodate for 20 min at room 
temperature and then conjugated with rabbit serum albumin (RSA) for 1 h followed by 
incubation with sodium borohydride for 1 h. The conjugate was dialyzed against 150 mM 
NaCl overnight. 8-Nitroguanine–aldehyde–RSA conjugate mixed with Freund’s complete 
adjuvant was injected in rabbit by intracutaneous administration. After 4 weeks of the 
immunization, the same antigen was given and the blood was taken two weeks later. We 
immobilized 8-nitroguanine in a cellulofine GCL-2000m column (Seikagaku Kogyo, Tokyo, 
Japan), and then purified the antibody by affinity chromatography. 

2.2 Specificity of anti-8-nitroguanine antibody 

Specificity of the purified antibody was examined by a dot immunobinding assay and 
absorption test (Pinlaor et al., 2004a). Purified antibody gave a strong immunostaining only 
on the spot of 8-nitroguanine conjugate (Fig. 2A). The immunoreactivity disappeared only 
when the antibody was pre-incubated with 8-nitroguanine. In contrast, immunoreactivity 
with 8-nitroguanine conjugate did not disappear when the antibody was preincubated with 
3-nitrotyrosine, guanosine, 8-oxo-7,8-dihydro-2’-deoxyguanosine (8-oxodG), 
deoxyguanosine, 8-bromoguanosine, and xanthosine (Fig. 2B). 

 

 

Fig. 2. Dot immunobinding assay and absorption test of anti-8-nitroguanine antibody.  
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Antigen–antibody reactions were visualized by the peroxidase-anti-peroxidase method. 

Purified antibody gave a strong immunostaining only on the spot of 8-nitroguanine 

conjugate (A). 8-Nitroguanine, 3-nitrotyrosine, guanosine, 8-oxodG and deoxyguanosine 

were incubated with the antibody at the concentration of 0.7 g/ml, and were applied to 8-

nitroguanine conjugate. Immunoreactivity disappeared only when the antibody was 

pretreated with 8-nitroguanine (B). 8-NG, 8-nitroguanine; 3-NT, 3-nitrotyrosine; G, 

guanosine; dG, deoxyguanosine and 8-BromoG, 8-bromoguanosine. 

2.3 Materials and animals 

2.3.1 Donor tissue source 

Rat, mouse, hamster, served as the donor tissue source in accordance with the guidelines 

Proper Care and Use of Laboratory Animals in Research. For the patient‘s operation 

samples, written informed consent was obtained from each patient, and the study protocol 

followed the ethical guidelines of the Declaration of Helsinki.  

2.3.2 Chemicals and reagents for immunohistochemistry (IHC) and special equipment 

Silanized slides (Dako, Japan) 

Dapi-Fluoromount-GTM Mounting Medium (Southern Biotech, Birmingham, USA) 

Malinol mounting medium (Muto Pure Chemicals Co. Tokyo,Japan) 

3,3’-Diaminobenzidine tetrahydrochloride dehydrate (DAB) (Dojindo, Kumamoto, Japan) 

Goat anti-rabbit -globulin-HRP (Medical Laboratories, Nagoya, Japan) 

Normal goat serum (Medical Laboratories, Nagoya, Japan) 

DifcoTM Skim milk (Becton, Dickinson and Company, Sparks, USA) 

Rabbit anti-8-nitroguanine antibody (Made by Ma N. et al, Suzuka University of Medical 

Science, Japan) 

Anti-8-hydorxy-2’-deoxyguanosine monoclonal antibody (Japan Institute for the Control of 

Aging, Shizuoka, Japan) 

Rabbit peroxidase-anti-peroxidase (PAP) (ab28054, abcam, Tokyo, Japan) 

Alexa 488-labeled goat antibody against mouse IgG (Molecular Probes Inc., Eugene, Oregon, 

USA) 

Alexa 594-labeled goat antibody against rabbit IgG (Molecular Probes Inc., Eugene, Oregon, 

USA) 

Other antibodies from abcam or Santa Cruz Biotechnology, Inc. USA.  

Tris-HCl (Sigma, St. Louis, MO, USA) 

Sodium chloride (Nacalai, Kyoto, Japan) 

Sodium pentobarbital (Nacalai, Kyoto, Japan) 
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Ethanol (Nacalai, Kyoto, Japan) 

Xylene (Nacalai, Kyoto, Japan)  

Paraformaldehyde (Nacalai, Kyoto, Japan) 

Monobasic and dibasic salts of sodium and potassium phosphate (Nacalai, Kyoto, Japan) 

Confocal laser scanning microscopy (FV-1000D, Olympus, Tokyo, Japan) 

Fluorescent light microscope (BX53, Olympus, Tokyo, Japan) 

Sliding microtome (RM2265, Leica, Germany) 

2.4 Detailed procedure for IHC 

2.4.1 Time required for immunohistochemistry of 8-nitroguanine 

Average time for immunohistochemical (IHC) localization of 8-nitroguanine is 2-3 days, not 

including preparation and mounting of tissues. Albeit, time varies with duration of 

antibody incubation of second antibody in double fluorescent immunohistochemistry. 

2.4.2 Preparation of animal tissues for IHC 

1. Animal is weighed and anesthetized by intraperitoneal injection of 50 mg/kg sodium 

pentobarbital. 

2. After the animal has fallen asleep, firmly pinch the foot with a pair of tweezers. If there 

is no response, then proceed with the surgery. 

3. Position the animal on its back. Open the abdominal cavity with a midline incision to 

the sternum. Make a diagonal cut to each side of the sternum through the rib cage 

extending to either side of the neck. Care should be taken not to sever any vessels or 

puncture the heart. The sternum may now be clamped back with hemostatic forceps to 

give access to the heart. 

4. Cut the connective tissue surrounding the diaphragm and make a lateral cut on each 

side of the animal to allow proper drainage of perfusate. 

5. Lift the lungs to expose the descending aorta and occlude the vessel using hemostatic 

forceps. 

6. Make a small incision in the right atrium. 

7. Insert an i.v. catheter into the left ventricle. Remove the needle from the catheter. 

Position so that the tip of the catheter resides within the aortic arch. The optimal size of 

the catheter for transcardial perfusion is 18 and 22 gauge for rat and mouse, 

respectively. 

8. Connect the catheter to the perfusion apparatus and begin the flow of 0.9% NaCl into 

the animal. For an adult rat 80 ml 0.9% saline should be infused over 3 min. For a 

mouse 20 ml saline should be infused over 2 min. Progress of the perfusion may be 

monitored by assessment of the eyes and gums which should be blanched toward the 

end of this step. 

9. Switch perfusion to 0.1 M phosphate buffer (PB) containing 4% paraformaldehyde. It is 

common to see turgor and twitching of the upper extremities at the initial flow of 

fixative into the animal. Perfuse an adult rat, 300 ml of fixative over 10 min should be 
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used. For a mouse approximately 80 ml over 5 min of fixative should be infused. After 

completion of the procedure, the arms and tip of the nose should be stiff. 

10. Disconnect the rat or mouse from the perfusion apparatus and carefully remove the 

organ to avoid damage to the tissue. After carefully removing organ from the body, 

continue fixation of adult tissue at room temperature for 3 h. 

11. Following incubation, tissue for IHC should be paraffin-embedded and then sectioned 

at 5m thickness onto silanized glass slides. Slides may be stored at ambient 

temperature in slide cases until use. 

2.4.3 Detailed procedure for IHC staining 

Step A. Immunofluorescent staining procedure 

1. Paraffin sections of human or animal tissues are deparaffinized in xylene for 3 min with 

frequent shaking in a glass box. Then, the sections are treated in xylene in another glass 

box for 3 min, followed by the treatment with 100, 90, 80, 70, and 50% (v/v) ethanol for 

30–60 sec. To insure complete removal of paraffin, soak sections in PBS for 30 min. 

2. To retrieve the antigens, the sections are heated in 5% (w/v) urea for 5 min in a 

microwave oven, and then left sections on the 5% urea until the temperature reducing 

to room temperature. 

3. Rinse sections in PBS at room temperature, 3 times for 5 min each. 

4. Block sections by 30 min incubation in PBS containing 5% (v/v) normal goat serum 

antibody buffer, or 5% (w/v) skim milk. 

5. The sections are incubated with the primary antibody, rabbit polyclonal anti-8-

nitroguanine antibody (1–2g/ml), overnight at room temperature. When double 

immunofluorescence labeling study is performed, mouse monoclonal antibody is mixed 

with anti-8-nitroguanine antibody and the sections are treated with this mixture. Note: 

the final concentration of antibody depends on the specific antibody preparation being 

used and may need to be empirically determined. 

6. The sections are washed with PBS at room temperature, 3 times for 5 min each. 

7. The sections are incubated with the secondary antibody, Alexa 594-labeled goat 

antibody against rabbit IgG (1:400) for 3 h at room temperature. When double 

immunofluorescence labeling study is performed, Alexa 488-labeled goat antibody 

against mouse IgG (1:400) is mixed with Alexa 594-labeled goat antibody against rabbit 

IgG and the sections are treated with this mixture. Note: if primary serum is derived 

from a source other than rabbit, then the choice of secondary antibody should be 

adjusted accordingly for specificity. 

8. Wash sections with PBS 3 times over 30 min. 

9. Pipet Dapi-Fluoromount-GTM Mounting Medium onto the section and then cover with a 

cover glass. Dry overnight covered at 4°C on a refrigerator. 

10. The stained sections are examined under a fluorescent microscope. 

Step B. Peroxidase anti-peroxidase immunohistochemical method 

1. Deparaffinize as Step A (1) 

2. To retrieve the antigens as Step A (2). 

3. Rinse sections in PBS at room temperature, 3 times for 5 min each. 
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4. The sections are incubated with 3% H2O2 for 30 min, and rinse sections in PBS for 10 

min at room temperature. 

5. Block sections by 30 min incubation in PBS containing 5% (v/v) normal goat serum or 

5% (w/v) skim milk. 

6. The sections are incubated with the primary antibody, rabbit polyclonal anti-8-

nitroguanine antibody (1–2 g/ml), overnight at room temperature. 

7. Wash sections in PBS at room temperature, 3 times for 5 min each. 

8. The sections are incubated with goat anti-rabbit IgG antibody (1:200) for 3h at room 

temperature, fellow by wash in PBS, 3 times for 5 min each. 

9. The sections are incubated with peroxidase anti-peroxidase complex (PAP, 1:200) for 2h 

at room temperature, fellow by wash in PBS, 3 times for 5 min each. 

10. Equilibrate sections in 0.05 M Tris, pH 7.5 with two washes for 10 min each. 

11. Incubate sections in DAB/Tris solution 10 mg 3,3-diaminobenzidine tetrahydrochloride 

dihydrate in 100 ml 0.05 M Tris, pH 7.4; filter under a hood with general usage filter 

paper. Incubate sections in developer for up to 15 min. Check sections frequently under 

a microscope for the degree of development, and reaction product is brown. 

12. Terminate reaction by washing sections 3 times for 10 min each in 0.05 M Tris, pH 7.4. 

13. Wash sections 2 times for 5 min in distilled water (DW). 

14. Counterstain sections with Mayer hematoxylin for 1-1.5 min if necessary. 

15. Wash sections 2 times for 5 min in DW. 

16. Dehydrate sections in Coplin jars containing graded ethanol 50–80%, 3 min each; twice 

in 95% ethanol 3 min each; and 3 times in 100% ethanol 3 min each. Tissue is cleared by 

incubation 3 times for 5 min each in xylene, and coverslipped using Maninol mounting 

medium. 

Step C. Pre-absorption immunostaining 

To prepare pre-absorbed 8-nitroguanine antibody place equal amounts of 8-nitroguanine 

antibody in 1.5 ml Eppendorf microfuge tubes. For the primary antibody to be pre-absorbed 

pure 8-nitroguanine is added to give a final protein concentration greater than 1 g/ml. An 

equal amount of diluents without 8-nitroguanine is added to the control antiserum. 

Mixtures are incubated for 2 h at room temperature and then diluted to their final working 

concentration with antibody buffer. Pre-absorption is then continued by incubation 

overnight at 4°C prior to use. Control and pre-absorbed antibody are used in parallel at 

StepA or StepB. Proceed as StepA (1) through (10). 

3. 8-Nitroguanine accumulation in inflammation-related cancer 

3.1 Application of Immunochemistry employing anti-8-nitroguanine antibody 

We have performed immunohistochemical analysis for 8-nitroguanine formation in various 

clinical specimens and animal models of inflammation-related carcinogenesis. We have 

firstly demonstrated that 8-nitroguanine is formed at the sites of carcinogenesis regardless of 

etiology, and we have proposed the possibility that 8-nitroguanine is a potential biomarker 

to evaluate the risk of inflammation-associated carcinogenesis (Kawanishi & Hiraku, 2006; 

Kawanishi et al., 2006). In clinical specimens, 8-nitroguanine was formed in the gastric 

grand epithelial cells of patients with gastritis caused by Helicobacter pylori (H. pylori) 
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infection (Ma et al., 2004), hepatocytes of patients with chronic hepatitis C (Horiike et al., 

2005), oral precancerous lesions oral lichen planus (OLP) (Chaiyarit et al., 2005) and oral 

leukoplakia (Ma et al., 2006), soft tissue sarcoma (Hoki et al., 2007a; Hoki et al., 2007b) and 

Epstein-Barr virus (EBV)-associated nasopharyngeal carcinoma (NPC) (Ma et al., 2008). 

In animal models, 8-nitroguanine was formed in a mouse model of inflammatory bowel 

disease (IBD) (Ding et al., 2005). 8-Nitroguanine was formed in the bile duct epithelium of 

the liver of hamsters infected with the liver fluke, Opisthorchis viverrini, which causes cancer 

of intrahepatic bile duct (Pinlaor et al., 2003; Pinlaor et al., 2004a). The treatment with 

praziquantel, an antiparasitic drug, reduced 8-nitroguanine formation (Pinlaor et al., 2006). 

3.1.1 H.pylori gastritis and eradication treatment 

H. pylori infection, which is the major cause of atrophic gastritis, is a high risk factor for 
gastric carcinoma (Peek & Blaser, 2002). Lipopolysacharide (LPS), a component of Gram-
negative bacteria such as H. pylori, is a TLR4 ligand that induces inflammatory responses via 

NF-B expression (Maeda S. et al., 2001). NF-B, which is involved in the regulation of 
iNOS, had been reported to function as a tumor promoter in inflammation-associated cancer 
(Surh et al., 2001; Pikarsky et al., 2004). In patients with H.pyroli-induced gastritis or gastric 
ulcers, iNOS is expressed in the infiltrating inflammatory cells (Mannick et al., 1996). ROS 
and RNS generated by inflammatory cells may contribute to carcinogenesis through the 
formation of DNA base lesions, such as 8-oxodG, which can lead to a G:C-to-T:A 
transversion (Shibutani et al., 1991; Kawanishi & Murata, 2006). 8-oxodG, a marker of 
oxidative DNA damage, is found at a significantly increased level in the gastric epithelium 
of H. pylori-infected patients (Baik et al., 1996; Pignatelli et al., 2001). Therefore, in addition 
to 8-oxodG formation, the accumulation of 8-nitroguanine may play a key role in the 
initiation and/or promotion of inflammation-mediated carcinogenesis. To evaluate whether 
nitrative DNA damage plays a role early in the carcinogenic process triggered by H. pylori 
and the affection of H. pylori eradication treatment on 8-nitroguanine formation, we used a 
double-immunofluorescence staining procedure to compare the formation of both 8-
nitroguanine and 8-oxodG in the gastric epithelium of gastritis patients with and without H. 
pylori infection, and before and after H. pylori eradication treatment patients.  

The formation of 8-nitroguanine and 8-oxodG in gastric epithelium in gastritis patients with 
H. pylori infection is shown in Fig. 3. Notably, intense immunoreactivity of both lesions was 
observed to co-localize in gastric gland epithelial cells in patients with H. pylori infection 
(Fig. 3, HP(+)). On the other hand, in gastritis patients without H. pylori infection, little or no 
immunoreactivity was observed in gastric gland epithelial cells (Fig. 3, HP(-)). 8-
Nitroguanine formation was observed in both the nuclei and the cytoplasm of the labeled 
epithelial cells, suggesting that it can form in both DNA and RNA. The 8-oxodG 
immunoreactivity was coincident with that of 8-nitroguanine within the nuclei of gastric 
gland cells and surface epithelial cells in H. pylori-infected patients (Fig. 3, merged labeling 
in yellow). Regardless of the H. pylori infection status, immunoreactivity of 8-nitroguanine 
and 8-oxodG was observed in inflammatory cells. 

Moreover, we found that 8-nitroguanine formation in patients with H. pylori infection was 
dramatically decreased by eradication. After eradication, reduction of 8-nitroguanine and 8-
oxodG formation in the epithelia was observed in 58% and 53% patients, respectively (Fig. 
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4A, B). Despite the complete eradication of H. pylori, reduced 8-nitroguanine and 8-oxodG 
production by infiltrating inflammatory cells were found only in 26% and 36% patients, 
respectively. Mean 8-nitroguanine and 8-oxodG immunoreactivities in inflammatory cells 
was not significantly decreased after the eradication treatment. 

 

 

 

 

 
 

 
 

Fig. 3. 8-Nitroguanine and 8-oxodG formation in gastritis patients with and without H. 
pylori infection. Double immunofluorescence staining of paraffin sections shows the 
localization of 8-oxodG and 8-nitroguanine in the gastric epithelium. In H. pylori-infected 
patients (HP(+)), the immunoreactivity of 8-nitroguanine and 8-oxodG co-localizes 
primarily in the nuclei of gastric gland epithelial cells and in some inflammatory cells in the 
corpus (Merged). In chronic gastritis patients without H. pylori-infection (HP(-)), the 
immunoreactivity of 8-nitroguanine and 8-oxodG is observed mainly in the inflammatory 
cells, while the gastric gland epithelial cells displayed little or no immunoreactivity. Scale 

bar represents 50 m. 
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Fig. 4. Detective 8-nitroguanine and 8-oxodG formation in the H. pylori eradication patients 
by double immunofluorescent method (A) and peroxidase anti-peroxidase 
immunohistochemical method (B). Positive immunoreactivity for 8-nitroguanine was 
predominantly localized in the nuclei and cytosol of foveolar cells, neutrophils and 
lymphocytes. The immunoreactivity of 8-nitroguanine and 8-oxodG on the nuclei of 
foveolar cells was greater reduced after successful H. pylori eradication. Conversely, reduced 
8-nitroguanine and 8-oxodG formation in infiltrating inflammatory cells did not 

significantly decrease after the treatment. Scale bar represents 50 m. 
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The mechanisms by which H. pylori infection causes gastric cancer have been investigated. 
LPS, a component of Gram-negative bacteria, including H. pylori, is a ligand of TLR4. TLR4 

is involved in activation of the transcription factor NF-B (Maeda H. & Akaike, 1998), which 
mediates expression of iNOS and various inflammatory cytokines. Alternatively, the Cag-
positive H.pylori strain induces an intense inflammatory response, including interleukin-8 
(IL-8) production by epithelial cells and subsequent production of tumor necrosis factor 

(TNF-)by inflammatory cells (Peek & Blaser, 2002). The host immune response to H. pylori 
mediated by cytokines, resulting in iNOS expression, may lead to an increase in the 
accumulation of 8-nitroguanine and 8-oxodG in gastric epithelium. 

3.1.2 Leukoplakia, oral lichen planus and oral cancer 

More than 300,000 new cases are being diagnosed with oral squamous cell carcinoma 

annually in the world (Sudbo & Reith, 2005). Oral leukoplakia is a precancerous lesion 

characterized by white plaque and hyperkeratosis (Neville & Day, 2002; Reibel, 2003). Five 

to 15% of leukoplakia is histologically classified as dysplasia (Suarez et al., 1998; Sudbo & 

Reith, 2005). The presence of epithelial dysplasia may be important in predicting malignant 

development. A substantial part of dysplasia is reported to develop into oral carcinoma 

(Lumerman et al., 1995; Sudbo & Reith, 2005). Oral lichen planus (OLP) is a chronic 

inflammatory mucosal disease (Scully et al., 1998). Several pathological features indicate 

that OLP is an immunologically mediated inflammatory response, including an intense, 

band-like infiltrate of predominantly T-lymphocytes subjacent to epithelium. Basal 

epithelial cells are the target for immune destruction by cytotoxic T-lymphocytes (Tyldesley 

& Appleton, 1973; Dekker et al., 1997). The most important complication of OLP is 

development of oral squamous cell carcinoma (OSCC) (Rajentheran et al., 1999; Mignogna et 

al., 2004). 

Antioxidants have induced regression of precancerous oral lesions including leukoplakia 

(Enwonwu & Meeks, 1995), suggesting that ROS are involved in the pathogenesis of 

precancerous lesions. ROS are considered to participate in carcinogenesis by forming 

oxidative DNA lesions, such as 8-oxodG (Kawanishi et al., 2001; Kawanishi et al., 2002). 

A chronic inflammatory infiltration was generally present in oral tissues of leukoplakia 

patients (Rodriguez-Perez & Banoczy, 1982). Expression of COX-2, an inflammatory 

mediator, was increased in oral mucosa with various lesions of leukoplakia, including 

hyperplasia and dysplasia (Renkonen et al., 2002; Altorki et al., 2004). These reports 

implicate that inflammation may mediate the development of oral cancer from leukoplakia. 

Therefore, we examined whether nitrative stress contributes to the development of oral 

carcinogenesis from leukoplakia through DNA damage. 

We demonstrated that accumulation of 8-nitroguanine and 8-oxodG was observed in oral 

epithelium of biopsy specimens from patients with OLP and OSCC, whereas no 

immunoreactivity was observed in normal oral mucosa (Chaiyarit et al., 2005). 8-

Nitroguanine and 8-oxodG were also observed in oral epithelium of patients with 

leukoplakia (Ma et al., 2006). Co-localization of 8-nitroguanine and iNOS was found in oral 

epithelium of patients with OLP, OSCC and leukoplakia. Immunoreactivity of 3-

nitrotyrosine, which is formed by protein tyrosine nitration and considered to be a 
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biochemical marker for inflammation, was also observed in oral epithelial cells. 

Accumulation of p53 was observed in oral epithelium in OLP and leukoplakia, and more 

prominent expression of this protein was observed in OSCC patients. Our findings 

demonstrate that iNOS-dependent DNA damage may lead to p53 accumulation not only in 

OLP and leukoplakia, but also in OSCC. It is concluded that the formation of 8-nitroguanine 

and 8-oxodG may contribute to the development of oral cancer from OLP and leukoplakia. 

 
 
 
 
 

 
 
 
 

 

 

 
 
 

Fig. 5. Localization of 8-nitroguanine and 8-oxodG and histopathological changes in oral 
tissues of leukoplakia patients. Paraffin sections were immunostained with anti-8-
nitroguanine antibody and anti-8-oxodG antibody using double immunofluorescence 
technique as described in immunofluorescent staining procedure procedures. Strong 8-
nitroguanine and 8-oxodG immunoreactivities are observed in the nucleus of the same 
epithelial cells in supra-basal and basal layers and epithelial-connective tissue interface area 
of leukoplakia patients. The distribution of 8-nitroguanine- and 8-oxodG-positive cells is 
similar to that of dysplastic epithelial cells. Little or no immunoreactivity of 8-nitroguanine 

and 8-oxodG was observed in normal mucosa. Scale bar represents 50 m. 
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Fig. 6. Localization of 8-nitroguanine, PCNA, p53, iNOS and 3-nitrotyrosine in oral tissues 

of leukoplakia patients. Paraffin sections were immunostained with anti-8-nitroguanine 
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antibody and anti-PCNA or anti-3-nitrotyrosine or anti-iNOS, p53 antibody using double 

immunofluorescence technique. 8-Nitroguanine formation is observed mainly in the nucleus 

of oral epithelial cells. Strong expression of PCNA and p53 was observed in the nucleus of 8-

nitroguanine-positive cells in the basal layer. iNOS expression is strongly observed in 

inflammatory cells and weakly in the cytoplasm of epithelial cells. Moreover, strong 8-

nitroguanine and 3-nitrotyrosine immunoreactivities are observed in the nucleus of the 

same epithelial cells. Scale bar represents 50 m. 

3.1.3 Epstein-Barr virus and nasopharyngeal carcinoma 

NPC is a human epithelial tumor with a high prevalence in the southern Chinese 

population. In southern China, the incidence rate is about 25–50 per 100,000 person-year and 

100-fold higher than that in the Western world. In contrast to other head cancer and 

epithelial malignancy in general, a unique feature of NPC is its strong association with 

Epstein-Barr virus (EBV) (McDermott et al., 2001). Various transcription factors are known 

to participate in iNOS expression including signal transducers and activators of 

transcription (STATs), such as STAT1 and STAT3 (Tedeschi et al., 2003; Lo et al., 2005). 

Epidermal growth factor receptor (EGFR) physically interacts with STAT3 in the nucleus, 

leading to transcriptional activation of iNOS (Lo et al., 2005). STAT3 is repeatedly activated 

through phosphorylation via the expression of latent membrane protein 1 (LMP1) as well as 

EGFR (Chen et al., 2003; Tao et al., 2005), and interleukin-6 (IL-6) is required for  

LMP1-mediated STAT3 activation (Chen et al., 2003). In addition, LMP1-mediated  

iNOS expression was reported in EBV-infected epithelium cell lines, which play a role in 

colonization independent of anchorage and tumorigenicity in nude mice (Yu et al.,  

2002). We performed double immunofluorescent staining method to examine the formation 

of DNA lesions, 8-nitroguanine and 8-oxodG in surgical and biopsy specimens  

of nasopharyngeal tissues from NPC patients and chronic nasopharyngitis patients.  

We also examined the expression of iNOS, STAT3, EGFR and IL-6 in these specimens  

to examine contribution of these molecules to iNOS expression for 8-nitroguanine 

formation. 

Using biopsy and surgical specimens of nasopharyngeal tissues from NPC patients in 

southern China, we performed double immunofluorescent staining to examine the 

formation of 8-nitroguanine and 8-oxodG (Ma et al., 2008; Huang et al., 2011). Intensive 

immunoreactivity of iNOS was detected in the cytoplasm of 8-nitroguanine-positive 

cancer cells. DNA lesions and iNOS expression were also observed in epithelial cells of 

EBV-positive patients with chronic nasopharyngitis but weaker than those in NPC 

patients (Fig. 7.). No or few DNA lesions were observed in EBV-negative subjects. EGFR 

and phosphorylated STAT3 were strongly expressed in cancer cells of NPC patients, 

suggesting that the STAT3-dependent mechanism is important to the carcinogenesis (Ma 

et al., 2008). IL-6 was expressed mainly in inflammatory cells of nasopharyngeal tissues of 

EBV-infected patients. We also found that serum levels of 8-oxodG were significantly 

higher in NPC patients than control subjects (Huang et al., 2011). Collectively, these 

findings indicate that the nuclear accumulation of EGFR and activation of STAT3 by IL-6 

play a key role in iNOS expression and resultant DNA damage, leading to EBV-related 

NPC.  
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Fig. 7. Formation of 8-nitroguanine and 8-oxodG and expression of LMP, iNOS, STAT3 and 
EGFR in the nasopharyngeal tissues of NPC and chronic nasopharyngitis patients.  
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8-Nitroguanine and 8-oxodG are co-localized in cancer cells. These DNA lesions are formed 
mainly in the nucleus and weakly in the cytoplasm. The formation of these DNA lesions 
was also observed in inflammatory cells in stroma in NPC patients and the epithelium in 
patients with chronic nasopharyngitis. Immunoreactivity of LMP1 is clearly observed along 
cell membrane and the cytoplasm of cancer cells. iNOS and 8-nitroguanine are colocalized in 
cancer cells of NPC patients. Expression of EGFR and STAT3 are colocalized in 
nasopharyngeal epithelical cells of EBV-positive chronic nasopharyngitis patients. Scale bar 

represents 50 m. 

3.1.4 Inflammatory bowel diseases and colon cancer 

Ulcerative colitis and Crohn’s disease are well known as chronic inflammatory diseases in 

the lower bowel, and share many clinical and pathological characteristics. These diseases are 

referred to as inflammatory bowel disease (IBD), which leads to long-term impairment of 

intestinal structure and function (Podolsky, 2002). A large number of immunological 

abnormalities have been noted in patients with IBD (Bouma & Strober, 2003). It is well 

established that an increased cancer risk occurs in tissues undergoing chronic inflammation. 

Epidemiological studies have suggested that the incidence of colorectal cancer in IBD is 

greater than the expected incidence in the general population (Ekbom et al., 1990; Langholz 

et al., 1992; Choi & Zelig, 1994; Pikarsky et al., 2004). The histological and molecular 

signatures suggest an inflammation-driven carcinogenesis process in IBD patients. To 

evaluate whether nitrative DNA damage plays a role in the carcinogenic process triggered 

by IBD, we prepared a mouse model of IBD induced by transfer of CD45RBhighCD4+ T cells 

lacking regulatory T cells to SCID mice (Powrie et al., 1993; Philippe et al., 2003), since 

mouse models of IBD can result from either excessive effector T cell function or deficient 

regulatory T cell function (Bouma & Strober, 2003). We performed a double 

immunofluorescent staining procedure to examine the formation of 8-nitroguanine and 8-

oxodG in the colon tissues. We also examined the expression of iNOS by 

immunohistochemistry. To evaluate the proliferating activity of colonic epithelial cells and 

their response to DNA damage, we also examined the expression of p53 in the colon tissues. 

In theCD45RBhighCD4+Tcell-transferred mouse, significant 8-nitroguanine accumulation was 
induced in the nuclei and the cytoplasm of epithelial cells, and was also present in 
infiltrated cells supposed to be inflammatory cells in lamina propria. 8-Nitroguanine was 
formed in most of 8-oxodG-immunoreactive nuclei of epithelial cells and infiltrated cells 
(Fig. 8). When the sections were pretreated with RNase, 8-nitroguanine immunoreactivity 
was more clearly observed in the nuclei of epithelial cells (Ding et al., 2005). This result 
suggests that 8-nitroguanine was formed in genomic DNA. iNOS was expressed in the 
cytoplasm of epithelial cells and infiltrated cells in the lamina propria of the IBD mouse 
model (Fig. 8). iNOS was expressed mainly in 8-nitroguanine immunoreactive epithelial 
cells (Fig. 8). However, no or little 8-nitroguanine, 8-oxodG and iNOS were observed in non-
treated control mice. In the IBD mouse model, significant p53 was accumulated in the nuclei 
of regenerated epithelial cells. P53 was also expressed in some infiltrated cells. P53 
expression was overlapped with 8-nitroguanine (Fig. 8). The mice of IBD model that we 
used by transfer of CD45RBhighCD4+ T cells showed the similar results of histopathological 
analysis and immunohistochemical staining. No or little expression of p53 was observed in 
non-treated control mice. 
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Fig. 8. Formation of 8-nitroguanine, 8-oxodG, iNOS and p53 in the mouse model of 
inflammatory bowel disease. 8-Nitroguanine is accumulated in the nuclei and the cytoplasm 
of epithelial cells. 8-Nitroguanine is also present in infiltrated cells. 8-oxodG formation is 
observed in the nuclei of epithelial cells and the infiltrated cells in lamina propria, 8-oxodG 
and 8-nitroguanine co-localized in the nuclei of most epithelial cells and infiltrated cells, 
iNOS is expressed in the cytoplasm of epithelial cells and infiltrated cells in lamina propria, 
and iNOS and 8-nitroguanine colocalized in the cytoplasm of many epithelial cells and some 
infiltrated cells. Double immunostaining for 8-nitroguanine and p53, significant p53 
expression is observed in the nuclei of regenerated epithelial cells and some infiltrated cells. 
P53 is also induced in the cytoplasm of many epithelial cells in lower portions of the gland. 
P53 is expressed in most of 8-nitroguanine-immunoreactive epithelial cells. Scale bar 

represents 50 m. 
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4. Concluding 

We have investigated the mechanisms of oxidative and nitrative DNA damage induced by 
various inflammatory conditions. In relation to inflammation-related carcinogenesis, we 
examined the formation of 8-nitroguanine and 8-oxodG in human samples and animals. It is 
noteworthy that DNA damage was specifically induced at sites of carcinogenesis under 
various inflammatory conditions. In human samples, 8-nitroguanine formation was 
observed in gastric gland epithelial cells of patients with H. pylori infection (Ma et al., 2004) 
and in hepatocytes of patients with chronic hepatitis C (Horiike et al., 2005). 8-Nitroguanine 
was also formed in oral epithelium of OLP and OSCC patients (Chaiyarit et al., 2005; Ma et 
al., 2006). Moreover, in hamsters infected with the liver fluke Opisthorchis viverrini causing 
cholangiocarcinoma, 8-nitroguanine formation was induced in bile duct epithelium (Pinlaor 
et al., 2004b). 8-Nitroguanine formation was also found in colonic gland epithelial cells of 
mouse model of IBD (Ding et al., 2005). Therefore, 8-nitroguanine could be used as a 
potential biomarker to evaluate the risk of inflammation-related carcinogenesis. Recently, 8-
nitroguanosine has been reported to be a highly redox-active molecule that strongly 
stimulates O2�-generation from NADPH-dependent reductases (Sawa et al., 2003). 8-
Nitroguaninemay be a cofactor for redox reaction and cell signaling implicated in diverse 
physiological and pathological events (Zaki et al., 2005). More importantly, experimental 
evidence has suggested that 8-nitroguanine is a mutagenic DNA lesion, which preferentially 
leads to G:C-to-T:A transversions (Yermilov et al., 1995b; Suzuki et al., 2005), in addition to 
8-oxodG (Shibutani et al., 1991; Bruner et al., 2000). Indeed, G:C-to-T:A transversions have 
been observed in vivo in the ras gene (Bos, 1988) and the p53 tumor suppressor gene in lung 
and liver cancer (Takahashi et al., 1989; Prahalad et al., 1999). We also investigated the role 
of DNA damage in carcinogenesis initiated by K-ras mutation, using conditional transgenic 
mice. Immunohistochemical analysis revealed that mutagenic 8-nitroguanine and 8-oxodG 
were apparently formed in adenocarcinoma caused by mutated K-ras. 8-Nitroguanine was 

co-localized with iNOS, NF-B, IKK, MAPK, MEK, and mutated K-ras, suggesting that 
oncogenic K-ras causes additional DNA damage via signaling pathway involving these 
molecules. It is noteworthy that K-ras mutation mediates not only cell over-proliferation but 
also the accumulation of mutagenic DNA lesions, leading to carcinogenesis (Ohnishi et al., 
2011). These findings imply that DNA damage mediated by ROS and RNS may participate 
in carcinogenesis via activation of protooncogenes and inactivation of tumor suppressor 
genes. In conclusion, oxidative and nitrative DNA damage could be promising biomarkers 
to evaluate the risk of carcinogenesis induced by a wide variety of chemicals and 
inflammatory conditions. 
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