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Abstract Chronic infection and inflammation contribute
to a substantial part of environmental carcinogenesis.
Recently, it has been estimated that chronic inflammation
accounts for approximately 25% of cancer cases. Various
infectious diseases and physical, chemical, and immuno-
logical factors participate in inflammation-related carci-
nogenesis. Under inflammatory conditions, reactive oxygen
and nitrogen species, which are generated from inflam-
matory and epithelial cells, may play an important role in
carcinogenesis by causing DNA damage. 8-Nitroguanine is
a mutagenic DNA lesion formed during chronic inflam-
mation. In an earlier publication, our group reported the
results of an immunohistochemical analysis of animals
infected with the liver fluke Opisthorchis viverrini and
demonstrated for the first time that 8-nitroguanine was
formed at the sites of carcinogenesis. This DNA lesion was
found to accumulate in the carcinogenic process in clinical
specimens of cancer-prone inflammatory diseases caused
by various pathogens, including human papillomavirus and
Epstein—Barr virus. Moreover, strong 8-nitroguanine for-
mation in tumor tissues was closely associated with a poor
prognosis. On the basis of these findings, 8-nitroguanine
could be a potential biomarker to evaluate the risk of
inflammation-related carcinogenesis and the prognosis of
cancer patients. In this review, the significance of 8-nitro-
guanine formation in inflammation-related carcinogenesis
and tumor progression will be discussed.
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Introduction

In 1863, Rudolf Virchow noted leucocytes in neoplastic
tissues and made a connection between inflammation and
cancer. Since then, there has been growing research interest
in the possibility of a link between chronic inflammation
and carcinogenesis, and the observation that many malig-
nancies actually do arise from areas of infection and
inflammation provides support to this hypothesis [1, 2].
Recently, chronic inflammation has been estimated to
account for approximately 25% of all cancer cases world-
wide [3]. Epidemiological and experimental studies have
provided evidence indicating that various infectious agents
constitute one of the main causes of cancer [2, 4]. The
International Agency for Research on Cancer (IARC) has
estimated that approximately 18% of cancer cases world-
wide is attributable to infectious diseases caused by bac-
teria, viruses, and parasites [4] (Table 1). In addition to
infection, many other physical, chemical, and immuno-
logical factors participate in carcinogenesis mediated by
chronic inflammation [2, 5] (Table 2).

During chronic inflammation, reactive oxygen species
(ROS) and reactive nitrogen species (RNS) capable of
causing damage to various cellular constituents, such as
nucleic acids, proteins, and lipids, are generated from
inflammatory and epithelial cells. These reactive species
may play an important role in carcinogenesis by causing
oxidative and nitrative DNA damage [6-8]. ROS induce
the formation of potentially mutagenic oxidative DNA
lesions, such as 8-oxo0-7,8-dihydro-2’-deoxyguanosine
(8-0xodG) [9-12]. Misincorporation of adenine occurs
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Table 1 Cancer caused by infectious agents (adapted and modified from the IARC [4])

Infectious agents IARC Cancer site Number of Percentage of
classification® cancer cases cancer cases worldwide

Bacterium

Helicobacter pylori 1 Stomach 490,000 54
Viruses

HPV®

High-risk types 1 Cervix and other sites 550,000 6.1
Low-risk types 2B
HBYV and HCV 1 Liver 390,000 4.3
EBV 1 Lymphoma 99,000 1.1
Nasopharyngeal carcinoma

HHV-8 2A Kaposi sarcoma 54,000 0.6

HTLV-1 1 Leukemia 9,000 0.1
Parasites

Schistosoma haematobium 1 Bladder 2,700 0.1

Liver flukes

Opisthorchis viverrini 1 Intra- and extrahepatic bile ducts 800

Clonorchis sinensis 2A
Total infection-related cancers 1,600,000 17.7
Total cancers (1995) 9,000,000 100

IARC International Agency for Research on Cancer

* TARC classification: Group 1, carcinogenic to humans; Group 2A, probably carcinogenic to humans; Group 2B, possibly carcinogenic to

humans

° HPV Human papillomavirus, HBV hepatitis B virus, HCV hepatitis C virus, HHV-8 human herpesvirus-8, HTLV-1 human T-lymphotropic

virus type 1

Table 2 Chronic inflammatory
diseases prone to carcinogenesis
(adapted and modified from
Coussens and Werb [2])
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Pathologic conditions

Associated neoplasms

Etiologic agents

Asbestosis, silicosis

Bronchitis

Cystitis, bladder inflammation

Gingivitis, lichen planus
Inflammatory bowel disease
Crohn’s disease

Chronic ulcerative colitis
Lichen sclerosus

Chronic pancreatitis

Hereditary pancreatitis

Reflux esophagitis
Barrett’s esophagus
Sialadenitis

Sjogren syndrome
Hashimoto’s thyroiditis

Skin inflammation

Mesothelioma, lung carcinoma

Lung carcinoma

Bladder carcinoma

Oral squamous cell carcinoma

Colorectal carcinoma

Vulvar squamous cell carcinoma

Pancreatic carcinoma

Esophageal carcinoma

Salivary gland carcinoma
MALT lymphoma

Melanoma

Asbestos fibers
Silica particles

Silica, asbestos, smoking
(nitrosamines, peroxides)

Chronic indwelling
Urinary catheters

Alcoholism, mutation in
trypsinogen gene on
chromosome 7

Gastric acids

Ultraviolet light
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opposite 8-oxodG during DNA synthesis and thus leads to
G-T transversions [13, 14]. These ROS are generated
from not only inflammatory cells but also other multiple
sources, including carcinogenic chemicals and electron
transport chain in mitochondria [7]. RNS, however,
including nitric oxide (NO), are generated particularly
under inflammatory conditions via the expression of
inducible nitric oxide synthase (iNOS) in inflammatory and
epithelial cells. NO reacts with superoxide (O3 ) to form
highly reactive peroxynitrite (ONOO™), which interacts
with guanine to produce nitrative and oxidative DNA
lesions, such as 8-nitroguanine and 8-oxodG, respectively
[15, 16]. 8-Nitroguanine formed in DNA is chemically
unstable and can be spontaneously released, resulting in the
formation of an apurinic site [15] (Fig. 1). The apurinic site
forms a pair preferably with adenine during DNA synthe-
sis, leading to G— T transversions [17]. DNA polymerase {
is involved in cellular tolerance to NO-induced DNA
damage through translesion DNA synthesis past the apu-
rinic site, but this error-prone polymerase may contribute to
extensive point mutations [18]. Alternatively, adenine is
preferentially incorporated opposite 8-nitroguanine during
DNA synthesis [19], resulting in G—T transversions.
Therefore, 8-nitroguanine is a mutagenic DNA lesion
involved in inflammation-related carcinogenesis.

In an in vivo experimental animal system, it has been
shown that 8-nitroguanine is formed via inflammation in
the lung of mice with viral pneumonia [20]. Our group has
focused on the role of 8-nitroguanine in infection- and
inflammation-related carcinogenesis and examined the
formation of this DNA lesion in experimental animals and
clinical specimens by immunohistochemical analysis using
a specific anti-8-nitroguanine antibody produced in our
laboratory [21, 22]. Studying hamsters infected with the
liver fluke Opisthorchis viverrini (OV), we were the first
to demonstrate that 8-nitroguanine is formed at the
site of carcinogenesis [21, 23, 24]. We also examined
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8-nitroguanine formation in biopsy and surgical specimens
of patients with cancer-prone infectious diseases induced
by bacteria (Helicobacter pylori) [25], viruses (hepatitis C
virus [26], human papillomavirus (HPV) [27], Epstein—
Barr virus (EBV) [28]), parasites (OV) [29], and inflam-
matory diseases (oral lichen planus and leukoplakia) [30,
31]. Moreover, we investigated the prognostic significance
of 8-nitroguanine in patients with soft tissue sarcoma [32,
33]. This article reviews our recent studies on 8-nitrogua-
nine formation during inflammation-related carcinogenesis
and discusses the significance of its formation.

Parasitic infection: liver fluke and cholangiocarcinoma

Infection with the liver fluke OV is a major risk factor of
cholangiocarcinoma, especially in the northeastern region
of Thailand [34, 35]. A major cause of OV infection and
cholangiocarcinoma in this region is the consumption of
raw fish contaminated with this parasite [36] (Fig. 2a).
Approximately 70% of OV-induced cholangiocarcinoma
occurs in the intrahepatic bile ducts [37], whereas the
incidence of intrahepatic cholangiocarcinoma independent
of OV infection is generally low. As a model of inflam-
mation-related carcinogenesis, we investigated 8-nitro-
guanine formation in the liver of OV-infected hamsters
by fluorescent immunohistochemistry. We found that
8-nitroguanine was formed in the bile duct epithelial cells
[23], and these observations were the first from an in vivo
study to show that this DNA lesion is formed at the sites of
inflammation-related carcinogenesis. In the acute phase
(21-30 days post-infection), the immunoreactivity of 8-
nitroguanine was prominently observed in inflammatory
cells, whereas in the chronic phase (90-180 days post-
infection), this DNA lesion was formed in bile duct
epithelial cells [21]. Repeated OV infections increased
8-nitroguanine formation and iNOS expression in the
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Fig. 2 Opisthorchis viverrini (OV)-induced cholangiocarcinoma and
8-nitroguanine formation. a Life cycle of OV. Eggs laid from adult
worms in bile ducts are passed through the bile into the duodenum
and excreted with feces. Eggs hatch in the digestive tracts of Bithynia
snails (first intermediate host). Free-living cercariae transform to
metacercariae encysted mainly in the muscle of fish (second
intermediate host). Metacercariae are infective to humans, when they
ingest raw or inadequately cooked fish. Metacercariae are digested
and excysted juvenile flukes migrate up through the bile duct.

epithelium of bile ducts compared with a single infection
[24]. Moreover, the treatment of OV-infected hamsters
with the antiparasitic drug praziquantel was found to
reduce 8-nitroguanine formation [38] (Fig. 2b). We also
examined 8-nitroguanine formation in surgical specimens
of cholangiocarcinoma patients. Immunohistochemical
analysis revealed that 8-nitroguanine formation occurred to
a much greater extent in cancerous tissues than in non-
cancerous tissues [29]. These findings raised the possibility
that 8-nitroguanine can be used as a biomarker to evaluate
the risk of inflammation-related carcinogenesis and the
efficacy of drug treatment.

The local specific inflammatory response may partici-
pate in parasite-induced carcinogenesis. In OV-infected
hamsters, an antigen of this parasite was distributed in the
intrahepatic bile duct epithelial cells, and the presence of
the antigen was associated with inflammatory cell infiltra-
tion [39]. Our study using the RAW 264.7 macrophage cell
line and OV-infected hamsters revealed that the OV anti-
gen induced an inflammatory response through the Toll-
like receptor (TLR)-2-mediated pathway, leading to the
expression of iNOS and cyclooxygenase-2 (COX-2) via
activation of nuclear factor-xB (NF-xB) [38, 40]. COX-2
mediates cancer development via various pathogenic
events, including inflammatory responses, inhibition of
apoptosis, and angiogenesis [41-43]. NF-xB is a key player
in inflammation and regulates the expression of various
genes involved in controlling the inflammatory response,
including iNOS [43, 44]. NF-xB also participates in the
promotion and progression of inflammation-related cancer
[45, 46]. TLRs activate signal transduction pathways
leading to the nuclear translocation of NF-xB/Rel-type
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b 8-Nitroguanine formation in bile duct epithelium of an OV-infected
hamster. Male Syrian hamsters were infected with OV for 30 days,
and praziquantel was given orally 7 days before sacrifice. Paraffin
sections of liver tissues were incubated first with rabbit polyclonal
anti-8-nitroguanine antibody and then with Alexa 594-labeled goat
anti-rabbit immunoglobulin G (IgG). The immunoreactivity of
8-nitroguanine was seen in the nucleus of bile duct epithelial cells,
and its formation diminished after praziquantel treatment [38]. Scale
bar 25 pm

transcription factors [47, 48] and subsequently participate
in inflammation-related carcinogenesis [49]. It has been
reported recently that extracellular proteoglycans upregu-
lated in carcinoma tissues activate myeloid cells through
TLR2 to stimulate metastasis [50]. Therefore, TLR-medi-
ated inflammatory responses may participate in carcino-
genesis and tumor progression, and the molecules involved
in this process could be potential therapeutic targets for
inflammation-related cancer.

Viral infection
Human papillomavirus and cervical cancer

Cervical cancer is the second most common cancer among
women worldwide and is most common among women in
many regions of developing countries [51]. Virtually all
cases of cervical cancer are attributable to persistent
infection with HPV [52-54]. In 2008, Harald zur Hausen
was awarded with the Nobel Prize for the discovery of
HPV. Although IARC previously determined that HPV-16
and -18 are carcinogenic to humans (group 1) [55], other
high-risk types of HPV (HPV-31, -33, -35, -39, -45, -51,
-52, -56, -58, -59, and -66) have recently been assessed as
group 1 carcinogens [56]. However, these HPV types can
differ by an order of magnitude in terms of being risk
factors for cervical cancer [56]. There are also low-risk
HPV types (HPV-6 and -11); these are capable of causing
condyloma acuminatum and have been evaluated to be
possibly carcinogenic to humans (Group 2B) [56]. HPV
infection is a necessary event preceding the development of
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premalignant lesions in the cervical epithelium, referred to
as cervical intraepithelial neoplasia (CIN), which partially
progresses to cancer [57]. HPV oncoproteins E6 and E7 are
known to participate in HPV-induced cervical carcino-
genesis by inactivating the tumor suppressor gene products,
p53 and Rb, respectively [54, 58]. However, it has been
suggested that these oncoproteins are not sufficient on their
own and that additional cellular events are required for
cervical carcinogenesis [59]. Ha-ras activation in HPV16-
immortalized human cervical cells resulted in malignancy,
while transfection of HPV16 DNA alone into cervical cells
did not [60]. Human protooncogenes, including the c-Ha-
ras gene, can be activated via oxygen radical-induced DNA
damage [61]. Therefore, oxidative and nitrative DNA
damage may be involved in cervical carcinogenesis.

The results of recent studies suggest that inflammation
plays a substantial role in HPV-mediated cervical carci-
nogenesis. Although it is still unclear whether HPV
infection alone induces the inflammatory states, epidemi-
ological studies have revealed that cervical inflammation in
women with HPV infection is associated with cervical
neoplasia [57, 62]. There are reports of co-infection with
HPV and other pathogens increasing the risk of cervical
cancer. Among HPV DNA-positive women, seropositivity
of herpes simplex virus-2 has been associated with an
increased risk of invasive cervical carcinoma [63].
Molecular epidemiological studies have revealed that
COX-2 is overexpressed in cervical cancer [64, 65].
Therefore, chronic inflammation may play an important
role in cervical carcinogenesis.
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Fig. 3 8-Nitroguanine formation and pl6 expression in biopsy
specimens of patients with cervical dysplasia. a Immunoreactivity
of 8-nitroguanine in a biopsy specimen of a patient with cervical
intraepithelial neoplasia (CIN) grade 3. 8-Nitroguanine was formed in
the nuclei of atypical epithelial cells of the CIN patient, whereas little
or no DNA damage was observed in condyloma acuminatum patients.
8-Nitroguanine formation was examined as described in the caption to
Fig. 2. b Comparison of 8-nitroguanine and pl6 staining in patients

We examined 8-nitroguanine formation in cervical
biopsy specimens of patients with CIN and condyloma ac-
uminatum. 8-Nitroguanine was formed in atypical epithelial
cells of CIN patients but not in condyloma acuminatum
patients (Fig. 3a). Statistical analysis revealed that
8-nitroguanine immunoreactivity was significantly inc-
reased with increasing CIN grade [27]. Several studies have
demonstrated that p16 is expressed in patients with CIN and
cervical cancer, leading to the proposal that pl6 may be a
biomarker of cervical neoplasia [66-68]. The HPV E7
protein binds to Rb protein, leading to the release of the
transcription factor E2F [58], which induces the expression
of plé6-related transcripts [69]. In our study, pl6 was
expressed in cervical epithelial cells of both CIN and con-
dyloma acuminatum patients, whereas 8-nitroguanine for-
mation was observed only in CIN patients [27] (Fig. 3b).
These results suggest that high-risk HPV types mediate
8-nitroguanine formation, leading to dysplastic changes in
cervical tissues and carcinogenesis, whereas p16 expression
is simply a marker of HPV infection regardless of virus
type. Thus, 8-nitroguanine is a more suitable and promising
biomarker than p16 for evaluating the risk of cervical car-
cinogenesis. Inflammation-mediated DNA damage, which
precedes the genomic abnormalities caused by HPV onco-
proteins, may play an important role in carcinogenesis.

Epstein—Barr virus and nasopharyngeal carcinoma

Nasopharyngeal carcinoma (NPC) and Burkitt lymphoma
are strongly associated with EBV infection [70], and both

8-Nitroguanine

p16

with CIN grade 2 and condyloma acuminatum. Paraffin sections were
first incubated with the primary antibodies (rabbit polyclonal anti-
8-nitroguanine and mouse monoclonal anti-p16 antibodies) and then
with the secondary antibodies (Alexa 594-labeled goat anti-rabbit IgG
and Alexa 488-labeled goat anti-mouse IgG antibodies). 8-Nitrogua-
nine (red) was colocalized with pl6 (green) in the nuclei of atypical
epithelial cells (yellow) in CIN, whereas, little or no 8-nitroguanine
formation occurred in condyloma acuminatum [27]. Scale bar 50 pm
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account for approximately 1% of cancer cases worldwide
[4]. NPC is an epithelial tumor with a high prevalence in
southern China where the incidence rate is about 25-50 per
100,000 people-year; this is 100-fold higher than that in the
Western world [71, 72]. Latent EBV infection is detected
in cancer cells of virtually all cases of undifferentiated
NPC in endemic regions [4, 73].

We examined 8-nitroguanine formation in biopsy
specimens of nasopharyngeal tissues from patients with
nasopharyngitis and NPC in southern China. 8-Nitrogua-
nine was formed in epithelial cells of EBV-positive
patients with chronic nasopharyngitis, and its intensity was
significantly stronger in cancer cells of NPC patients [28].
Intensive immunoreactivity of iNOS was detected in the
cytoplasm of 8-nitroguanine-positive cancer cells. We also
examined the mechanism for EBV-induced 8-nitroguanine
formation in nasopharyngeal epithelial cells. EBV-encoded
RNAs (EBERs) and a viral protein latent membrane pro-
tein 1 (LMP1) were detected in cancer cells from all EBV-
infected patients. LMP1 induces the expression and nuclear
accumulation of epidermal growth factor receptor (EGFR)
[74, 75], which in turn interacts with the signal transducer
and activator of transcription-3 (STAT3) in the nucleus,
leading to transcriptional activation of iNOS [76]. In our
study, EGFR and phosphorylated STAT3 were strongly
expressed in cancer cells of NPC patients. Interleukin (IL)-6,
which mediates STAT3 expression, was expressed in
macrophages of nasopharyngeal tissues of EBV-infected
patients. In LMP1-expressing cultured cells, EGFR was
accumulated in the nucleus, and the addition of IL-6
induced the expression of phosphorylated STAT3 and
iNOS and the formation of 8-nitroguanine [28]. These
results suggest that EBV infection induces nuclear accu-
mulation of EGFR and IL-6-mediated STAT3 activation,
leading to iNOS expression and 8-nitroguanine formation.
The proposed mechanism of EBV-induced carcinogenesis
is shown in Fig. 4.

In addition to EBV infection, environmental and dietary
factors have been proposed as contributory factors to NPC
carcinogenesis. The traditional foods of southern China,
such as salted fish and other preserved food containing
volatile nitrosoamines, are important carcinogenic factors
of NPC [77]. Moreover, Chinese-style salted fish contains
substances capable of activating latently infected EBV
[70]. TARC has evaluated Chinese-style salted fish to be a
Group 1 carcinogen [78]. An epidemiological study
revealed that the use of herbal medicine increases the risk
of NPC, probably through EBV reactivation or a direct
promoting effect on EBV-transformed cells [79]. A phor-
bol diester, an EBV-activating substance, has been identi-
fied in the soil collected from under Chinese tallow Sapium
sebiferum [80]. However, the contribution of these envi-
ronmental factors to EBV-mediated carcinogenesis is not
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Fig. 4 Proposed mechanism of 8-nitroguanine formation and carci-
nogenesis mediated by Epstein—Barr virus (EBV) infection. EGFR
epidermal growth factor receptor, LMPI latent membrane protein 1,
(p)STAT3 (phosphorylated) signal transducer and activator of tran-
scription-3, IL interleukin

yet fully understood, and thus future epidemiological and
experimental studies are needed.

8-Nitroguanine and prognosis of cancer patients

We have examined whether 8-nitroguanine participates not
only in the onset of carcinogenesis but also in tumor pro-
gression and the poor prognosis of cancer patients.
Malignant fibrous histiocytoma (MFH) is soft tissue sar-
coma occurring in adults [81], and it has been proposed
that it is accompanied with inflammatory responses. The
expression of cytokines in inflammatory MFH may account
for local inflammatory cell infiltration and the aggressive
nature of the malignant cells [82]. Lymphocytes, mono-
cytes, and macrophages were observed to be infiltrated in
the early phase of experimentally induced rat sarcoma [83].
These findings give rise to the hypothesis that these
inflammatory responses may play a role in the pathogenesis
of MFH.

We investigated the distribution of 8-nitroguanine and
the expression of inflammation-related molecules in sur-
gical specimens of MFH patients by immunohistochemical
analysis. 8-Nitroguanine immunoreactivity was clearly
observed in the tumor cells, whereas little or no 8-nitro-
guanine formation occurred in adjacent non-tumor tissues.
The Kaplan—-Meier method revealed that strong 8-nitro-
guanine staining is associated with a poor prognosis of
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inducible factor (HIF)-1oz have been colocalized with
8-nitroguanine in MFH tissues [32, 33]. Tumor cells adapt
to hypoxia by increasing the expression of HIF-1a, which
mediates the transcription of various genes, including
iNOS [84]. On the other hand, an increase in NO produc-
tion through iNOS expression induces the accumulation
and activation of HIF-1a [85, 86]. Therefore, reciprocal
activation between HIF-1« and iNOS during tumor growth
mediates persistent nitrative stress and resultant DNA
damage, resulting in a poor prognosis of cancer patients. A
recent study has demonstrated that IxB kinase (IKK)-f,
which is involved in NF-xB activation, is required for HIF-
lo. protein accumulation under hypoxia in cultured cells
and animals [87], whereas NF-xB is regulated under
hypoxia in an HIF-1a-dependent manner [88]. Thus, reci-
procal activation of HIF-lo and NF-xB may be also
involved in DNA damage and carcinogenesis.

In a study relevant to this concept, we demonstrated
that in cholangiocarcinoma patients, 8-nitroguanine and
8-0xodG were formed in cancerous tissues to a much
greater extent than in the adjacent non-cancerous tissues.
Moreover, these DNA lesions in cancerous and adjacent
tissues were associated with tumor invasion [29]. These
results suggest that 8-nitroguanine participates in tumor
progression and that it could be used as a biomarker to
evaluate the prognosis of cancer patients.

Conclusion and future perspectives

Our group has investigated 8-nitroguanine formation in
various clinical specimens and animal models in relation to

8-nitroguanine was formed at sites of carcinogenesis
induced by chronic infection and various inflammatory
conditions. We have also shown that 8-nitroguanine for-
mation occurred in bronchial epithelial cells in the lung of
asbestos-exposed mice (unpublished data). Experimental
evidence has been provided for the mutagenic potential of
8-nitroguanine, which preferentially leads to G—T trans-
versions [15, 19]. Indeed, this type of mutation has been
found to occur in vivo in the ras gene [89] and the p53
tumor suppressor gene in lung and liver cancer [90, 91].
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. Moreover, 8-nitroguanosine is a highly redox-active
molecule that strongly stimulates O, generation [92].
3-Nitrotyrosine, a biomarker of inflammation, is capable of
inducing oxidative DNA damage via the redox reaction
[93]. Therefore, such inflammation-derived nitrated mole-
cules may serve as mutagens and participate in carcino-
genesis via additional oxidative stress.

Based on the results of our studies, we have proposed a
possible mechanism of inflammation-related carcinogene-
sis and tumor development via DNA damage, shown in
Fig. 5. Various pathogenic agents, including bacteria,
viruses, parasites, and other environmental factors, induce
inflammatory responses and the production of ROS and
RNS from inflammatory and epithelial cells. iNOS
expression is regulated by transcription factors, including
NF-xB, STAT, and HIF-1a, and NO can also activate these
transcription factors. HIF-1o is upregulated in a hypoxic
environment during tumor growth and participates in tumor
progression. Collectively, various molecular events
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converge to nitrative stress, and the resulting DNA damage
contributes to the accumulation of genetic alterations in
tissues throughout the carcinogenic process. In particular,
8-nitroguanine formation may participate in inflammation-
related carcinogenesis as a common mechanism and can be
used as a potential biomarker to evaluate the cancer risk.
The establishment of the methods for quantitative anal-
ysis of 8-nitroguanine in biological or clinical specimens
would be useful to evaluate the risk of inflammation-related
carcinogenesis. 8-Nitroguanine formed in DNA is chemi-
cally unstable and is likely to be released from DNA. Thus,
this characteristic may hamper its quantitative analysis.
Recently, an attempt has been made to utilize free 8-nitro-
guanine in urine for quantitative analysis using a high-per-
formance liquid chromatography—electrochemical detection
method coupled with immunoaffinity purification [94].
8-Nitroguanine has also been measured by liquid chroma-
tography with mass spectrometry and glyoxal derivatization
[95]. The establishment of a quantitative analysis of
8-nitroguanine in biological samples, such as blood and
urine, would be useful for evaluation of the risk of inflam-
mation-related carcinogenesis and would contribute to can-
cer prevention and the improved prognosis of cancer patients.
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