
Abstract. Chronic inflammation is a critical component of
carcinogenesis and tumor progression. Reactive nitrogen and
oxygen species generated by inflammatory cells form muta-
genic DNA lesions, such as 8-nitroguanine, which may play an
integral role in inflammation-related carcinogenesis. Hypoxia-
inducible factor (HIF)-1α has been established as a prognostic
biomarker in various tumors, including malignant fibrous
histiocytoma (MFH). The aim of this study was to evaluate
the impact of 8-nitroguanine formation and HIF-1α expression
on the prognosis of patients with inflammation-related
cancer. Immunohistochemical analyses were employed to
examine the distribution of 8-nitroguanine and HIF-1α, using
clinical specimens from 36 patients with MFH as a model of
inflammation-related cancer. 8-Nitroguanine formation was
predominately observed in the nuclei of tumor cells and
inflammatory cells in tumor tissues, while HIF-1α was
expressed in the cytoplasm and nuclei of tumor cells. Little
or no immunoreactivity of 8-nitroguanine and HIF-1α was
observed in adjacent non-tumor tissues. Significantly higher
levels of both 8-nitroguanine and HIF-1α were observed in
the tissue specimens of deceased patients than in those of
living subjects. Survival curves analyzed by the Kaplan-
Meier method differed significantly between the high- and
low-staining groups of 8-nitroguanine (p=0.00003) as well as
HIF-1α (p=0.01104). These results suggest a significant role
of the pathway of iNOS-dependent 8-nitroguanine formation
via HIF-1α and NF-κB on the progression of inflammation-

related cancer. In conclusion, 8-nitroguanine is an excellent
candidate prognostic and predictive biomarker together with
HIF-1α in inflammation-related tumor progression.

Introduction

Inflammation is a critical component of carcinogenesis and
tumor progression (1). Many malignancies arise from inflam-
matory sites, and chronic inflammation contributes to the
development of various cancers (1,2). In cases of chronic
inflammation, reactive nitrogen species (RNS) and reactive
oxygen species (ROS) are generated by inflammatory cells and
the epithelium (3,4). RNS mediate 8-nitroguanine formation,
a marker of nitrative DNA damage (5). 8-Nitroguanine has
been reported to be formed in association with inflammation-
related carcinogenesis (6-9), including malignant fibrous
histiocytoma (MFH), as reported previously (10). MFH is the
most commonly diagnosed soft-tissue sarcoma in adults
(11,12) and has a poor prognosis (13,14). Several studies
have shown that hypoxia-inducible factor (HIF)-1α could be
a biomarker of a poor prognosis in various cancers (15-17),
including soft-tissue sarcomas (18). The HIF-1α protein
supports the adaptation of human cancer cells to hypoxia under
tumor growth.

This study investigates 8-nitroguanine formation and
HIF-1α expression in surgical specimens of MFH patients
using immunohistochemical staining procedures. We
evaluated the impact of 8-nitroguanine formation and HIF-1α
expression on prognosis, and examined their usefulness as
potential biomarkers.

Materials and methods

Tissue preparation and clinicopathological analysis. Thirty-
six MFH patients who underwent an open biopsy or a surgical
resection from 1989 to 2004 at the Department of Orthopaedic
Surgery, Mie University Graduate School of Medicine, Japan,
participated in this study, which was approved by the Ethics
Committee of Mie University Graduate School of Medicine.
All patients were diagnosed by well-trained pathologists,
according to the Enzinger and Weiss classification (19). The
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patients comprised 20 men and 16 women ranging in age
from 27 to 85 years (mean ± SD, 63.0 ± 13.0 years). Survival
data were available for all patients. The duration of the follow-
up ranged from 4 to 213 months (median, 63 months). The
tumor samples were classified as Stage IIa (2 patients), Stage
IIb (3 patients), Stage III (25 patients) and Stage IV (6 patients)
at the time of the original diagnosis. The International Union
Against Cancer TNM classification and the staging system by
the American Joint Committee on Cancer (AJCC) were used
for tumor assessment (20). One of 2 patients in Stage IIa,
none of 3 patients in Stage IIb, 9 of 25 patients in Stage III, and
all of 6 patients in Stage IV died. Thirty-four tumors measured
5-22 cm in diameter, while the other 2 tumors were <5 cm in
diameter (mean ± SD, 11.15 ± 4.48 cm in diameter).

Immunohistochemical analysis for 8-nitroguanine and HIF-1α.
Immunohistochemical staining was performed using the
labeled streptavidin-biotin (LSAB) method. The sections were
deparaffinized and automated immunohistochemistry was
performed with a NexES IHC (Ventana Medical Systems,
Inc., Tucson, AZ, USA) as previously described (10). The
rabbit polyclonal anti-8-nitroguanine antibody produced by
this laboratory (21) was used as the primary antibody at a
concentration of 2 μg/ml. The mouse monoclonal anti-HIF-1α

antibody (Calbiochem-Novabiochem, Darmstadt, Germany)
was diluted at 1:500. As secondary antibodies, anti-mouse
IgG and anti-rabbit IgG antibodies (Ventana Medical Systems,
Inc.) were used. The Lumina Vision version 1.11 software
program (Mitani Shoji Co., Fukui, Japan) for performing
morphometric analyses was used to measure the staining
rates of 8-nitroguanine and HIF-1α.

To examine the colocalization of 8-nitroguanine formation
and HIF-1α expression, a double immunofluorescence
technique was used, as described previously (10). The stained
sections were examined under a fluorescence microscope
(BX50F-3, Olympus Optical Co., Ltd., Japan).

Histopathological staining. A histopathological study was
performed, following the standard method, using hematoxylin
and eosin staining in paraffin sections .

Statistical analysis. The patients were categorized into five
subgroups according to the staining rates (<7.5, 7.5-15.0,
15.0-22.5, 22.5-30.0 and >30.0%) and evaluated as described
above. Then, statistical differences of the immunoreactivities
between deceased and living patients were analyzed by χ2-test.
Survival between the two subgroups, high-grade (staining
rates, ≥15%) and low-grade (<15%), was compared using the
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Figure 1. 8-Nitroguanine formation and HIF-1α expression in MFH patients. (A) 8-Nitroguanine formation and HIF-1α expression by immunohistochemical
staining using the LSAB method and hematoxylin and eosin staining. Both are observed in the nuclei of tumor cells and inflammatory cells within MFH tissue
specimens. The immunoreactivity of 8-nitroguanine and HIF-1α is found to be greater in deceased patients than in living subjects. Little or no immuno-
reactivity of 8-nitroguanine and HIF-1α is observed in adjacent non-tumor tissues. Magnification, x400 (left and center columns) and x100 (right column). (B)
The detection of colocalization of 8-nitroguanine with HIF-1α by double immunofluorescence staining. 8-Nitroguanine and HIF-1α are colocalized in the
same tumor cells. Magnification, x880.
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life-table method of Kaplan-Meier, and then statistically
analyzed by the generalized Wilcoxon test. P-values of <0.05
were considered to be statistically significant.

Results

Histopathological findings, 8-nitroguanine formation and
HIF-1α expression in tumor tissues of MFH patients. Fig. 1A
shows the histopathological observations of 8-nitroguanine
formation and HIF-1α expression in the specimens from MFH
patients. 8-Nitroguanine was predominately observed in the
nuclei of the tumor cells and inflammatory cells within the
MFH tissue specimens. HIF-1α expression was detected in the
cytoplasm and nuclei of tumor cells. Little or no immuno-
reactivity of 8-nitroguanine and HIF-1α was observed in
adjacent non-tumor tissues (Fig. 1A, right). Significantly
higher levels of both 8-nitroguanine and HIF-1α were observed
in the tissue specimens of deceased patients than in those of
living subjects (Fig. 1A and Table I).

Fig. 1B shows the colocalization of 8-nitroguanine (red)
with HIF-1α (green) visualized using a double immuno-
fluorescence technique. The expression of HIF-1α was strongly
detected in the nucleus of tumor cells and was co-localized
with 8-nitroguanine (Fig. 1B). In addition, immuno-
reactivities of 8-nitroguanine and HIF-1α were observed in
giant cells and inflammatory cells from MFH tissues (data
not shown).

Comparison of the immunoreactivity of 8-nitroguanine and
HIF-1α, in relation to prognosis. Table I demonstrates that the
immunoreactivity of 8-nitroguanine was significantly stronger
in the tumor tissues of deceased patients than in those of
living patients. The generalized Wilcoxon test, using the
Kaplan-Meier method, was used to evaluate the association
of 8-nitroguanine and HIF-1α with the prognosis of MFH
patients (Fig. 2). MFH patients with high-grade staining
(≥15%) of 8-nitroguanine (p=0.00003) had a significantly
shorter survival than those with low-grade staining (<15%)

(Fig. 2A). Meanwhile, patients with high-grade staining of
HIF-1α (p=0.01104) also exhibited a significantly poor
prognosis in comparison to those with low-grade staining
(Fig. 2B).
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Table I. Differences in the immunohistochemical staining
of 8-nitroguanine and HIF-1α between deceased and living
patients with malignant fibrous histiocytoma.
–––––––––––––––––––––––––––––––––––––––––––––––––

8-Nitroguanine HIF-1α
–––––––––––––––––– ––––––––––––––––––

Living Deceased Living Deceased
Staining patients patients patients patients
rate (%) (n=20) (n=16) (n=20) (n=16)
–––––––––––––––––––––––––––––––––––––––––––––––––
0.0-7.5 9 (45.00)a 1 (6.25) 11 (55.00) 3 (18.75)
7.5-15.0 9 (45.00) 2 (12.50) 5 (25.00) 2 (12.50)
15.0-22.5 2 (10.00) 9 (56.25) 4 (20.00) 4 (25.00)
22.5-30.0 0 (0.00) 2 (12.50) 0 (0.00) 5 (31.25)
>30.0 0 (0.00) 2 (12.50) 0 (0.00) 2 (12.50)

P-value 0.00075 0.01359
–––––––––––––––––––––––––––––––––––––––––––––––––
aNo. of patients (%).
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. The survival curves of MFH patients as determined by the Kaplan-
Meier method. Solid lines, patients with high-grade staining (≥15% detected
by Lumina Vision) of 8-nitroguanine (A) or HIF-1α (B). Broken lines,
patients with low-grade staining (<15%).

Figure 3. The proposed mechanism of inflammation and hypoxia-induced
8-nitroguanine formation leading to tumor progression.
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Discussion

The accumulation of 8-nitroguanine formation and HIF-1α
expression was examined in surgical specimens of MFH
patients and was found to correlate with the prognosis of
inflammation-related cancer. 8-Nitroguanine was clearly co-
localized with HIF-1α in the nuclei of tumor cells, giant cells
and inflammatory cells in MFH tissues. There was a signi-
ficant difference in the immunoreactivity of 8-nitroguanine
(p=0.00075) between the deceased and living patients, with
HIF-1α (p=0.01359) exhibiting similar differences. The
survival curves of MFH patients, according to the Kaplan-
Meier method, differed more clearly between the groups
distinguished by 8-nitroguanine (p=0.00003) rather than by
HIF-1α (p=0.01104).

Intratumoral hypoxia induces a rapid increase of HIF-1
protein (22,23), a heterodimer consisting of α and ß subunits,
in tumor cells. HIF-1α expression is related to cellular oxygen
status (24). Under hypoxic conditions, the degradation of
HIF-1α is suppressed and, subsequently, HIF-1α dimerizes
with HIF-1ß in the nucleus, thus promoting the expression of
numerous target genes (18). iNOS is one of the known HIF-1-
inducible proteins. Previous studies have shown that HIF-1α
is expressed in the nuclei of tumor cells, suggesting that
HIF-1α is activated in MFH tumor tissues under hypoxic
conditions. HIF-1α expression in tumor cells correlated with
iNOS expression in MFH tissues (R=0.58923, p=0.00194),
and double immunofluorescence revealed that 8-nitroguanine
and HIF-1α were colocalized in cancerous tissues. In addition,
our previous findings demonstrated that 8-nitroguanine was
formed via HIF-1α-dependent iNOS expression in relation to
the progression of cholangiocarcinoma (25). It therefore
appears likely that tumor hypoxia induces HIF-1α expression,
which mediates iNOS expression and results in 8-nitroguanine
formation.

NF-κB is considered to be a key player in inflammation
since it regulates the expression of various genes involved in
controlling inflammatory response, including iNOS expression
(26). NF-κB functions as a tumor promoter in inflammation-
associated cancers (27). Previous studies have reported that
8-nitroguanine is colocalized with iNOS and NF-κB in tumor
cells of MFH patients (10). Therefore, 8-nitroguanine can
be formed through iNOS expression, mediated by NF-κB
activation.

8-Nitroguanine is formed under inflammatory conditions
and plays a substantial role in inflammation-related carcino-
genesis, including MFH (10). Chemically unstable 8-nitro-
guanine formed in DNA can be spontaneously released,
thereby causing the formation of an apurinic site (5). This
can form a base-pair with adenine during DNA synthesis,
resulting in G�T transversions (28). Translesion DNA
synthesis past an apurinic site mediated by DNA polymerase ζ
may contribute to point mutations (29). As a result, inflam-
matory responses may participate in tumor progression
through the formation of mutagenic DNA lesions, such as 8-
nitroguanine.

Based on these findings and previous research, a
mechanism of tumor progression by hypoxia and inflam-
mation can be proposed, as illustrated in Fig. 3. One pathway
is initiated by ‘hypoxia in tumor growth’, where HIF-1α

triggers the iNOS expression, and then 8-nitroguanine
formation facilitates tumor progression. The other pathway
starts with the ‘inflammatory response’, where NF-κB is
activated by a variety of stimuli including inflammatory cyto-
kines, and iNOS is expressed. These pathways converge into
a common pathway, namely iNOS-dependent 8-nitroguanine
formation. Consequently 8-nitroguanine, together with HIF-
1α, is considered to be an excellent candidate prognostic and
predictive biomarker in inflammation-related cancer, including
MFH.
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