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Abstract

AIM: Nitrative and oxidative DNA damage such as 8-
nitroguanine and 8-oxo-7,8-dihydro-2'-deoxyguanosine
(8-oxo0dG) formation has been implicated in initiation and/
or promotion of inflammation-mediated carcinogenesis.
The aim of this study is to clarify whether these DNA
lesions participate in the progression of intrahepatic
cholangiocarcinoma.

METHODS: We investigated the relation of the formation
of 8-nitroguanine and 8-oxodG and the expression of
hypoxia-inducible factor-1o (HIF-1a) with tumor invasion
in 37 patients with intra-hepatic cholangiocarcinoma.

RESULTS: Immunohistochemical analyses revealed that
8-nitroguanine and 8-oxodG formation occurred to a much
greater extent in cancerous tissues than in nhon-cancerous
tissues. HIF-1a could be detected in cancerous tissues in
all patients, suggesting low oxygen tension in the tumors.
HIF-1o expression was correlated with inducible nitric oxide
synthase (iNOS) expression (r= 0.369 and P = 0.025)
and 8-oxodG formation (r = 0.398 and P = 0.015).
Double immunofluorescence study revealed that iNOS and

HIF-1o co-localized in cancerous tissues. Notably, the
formation of 8-oxodG was correlated significantly with
lymphatic invasion (= 0.386 and 2= 0.018). Moreover, 8-
nitroguanine and 8-oxodG in hon-cancerous tissues were
associated significantly with neural invasion (P = 0.042
and P = 0.026, respectively). These results suggest that
reciprocal activation between HIF-1o and iINOS mediates
persistent DNA damage, which induces tumor invasiveness
via mutations, resulting in poor prognosis.

CONCLUSON: The formation of 8-nitroguanine and 8-oxodG
plays an important role in multiple steps of genetic changes
leading to tumor progression, including invasiveness.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Intra-hepatic cholangiocarcinoma (ICC), an adenocarcinoma
originating from intra-hepatic bile duct epithelium, presents
in most cases with an extremely poor prognosis'l. The
highest proportional incidence of ICC is observed in the
north-east region of Thailand, in which Opisthorchis viverrini
(OV) infection is endemic®’!. Thus, molecular markers
serving as predictive factors are needed to provide effective
therapy as well as to understand the underlying mechanisms
of ICC carcinogenesis.

Infections are well accounted for association with several
types of cancer including ICC through chronic inflammationt*?.
Production of a large amount of reactive oxygen species
(ROS) and reactive nitrogen species (RNS), such as nitric
oxide (NO), is associated with an increased risk of human
cancer®®. 8-Oxo0-7,8-dihydro-2’-deoxyguanosine (8-oxodG),
a marker of DNA damage by ROS!, is a mutagenic lesion
leading to G—T transversions"™'Y, which are frequently
found in tumor relevant genes in a variety of cancers. NO
generation by inducible nitric oxide synthase (INOS) is triggered
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during infection and inflammation. Overproduction of NO
leads to the generation of various RNS, causing nitrative
DNA damage such as 8-nitroguanosine formation!.
8-nitroguanine undergoes spontaneous depurination, which
leads to aputinic sites in DNAML The resulting apurinic
sites in DNA can also lead to G—T transversions™.
Recently, we have reported 8-nitroguanine formation in the
liver of hamsters re-infected with OVl We have also
demonstrated the accumulation of 8-nitroguanine in human
gastric epithelium induced by Helicobacter pylori infection,
which is associated with gastric cancet!". Thus, we have
proposed that 8-nitroguanine and 8-oxodG can be
biomarkers of initiation and/or promotion in cases of
carcinogenesis mediated by inflaimmation. However, the
role of 8-nitroguanine and 8-oxodG in tumor progression
in ICC has not been elucidated.

Tumor growth induces hypoxia, which is associated with
poot prognosis!'”. Tumor cells adapt to hypoxia by increasing
the synthesis of hypoxia-inducible factor-1c. (HIF-10v),
which mediates transcription of various genes, including
vascular endothelial growth factor, glucose transporter 1,
lactate dehydrogenase and iNOS!", in solid tumors. It
remains to be clarified whether HIF-10ot is associated with
DNA base lesions and tumor invasion, resulting in poor
prognosis with ICC patients.

To evaluate prognostic factors in ICC carcinogenesis,
we investigated the formation of 8-nitroguanine and
8-0x0dG, and the expression of iNOS and HIF-1¢t in the
liver of ICC patients by immunohistochemistry. We raised
a highly specific antibody against 8-nitroguanine without
cross reaction by immunizing with an 8-nitroguanine-
aldehyde-rabbit serum albumin conjugate. We investigated
the association of DNA damage in the liver tissue with
neural and lymphatic invasion in ICC patients.

MATERIALS AND METHODS

Subjects

This study was approved by the Ethics Group of the Human
Research Committee, Khon Kaen University, Thailand. Patients
undergoing surgical resection of hepatogastrointestinal
cancer in 1998 and 1999 at the Department of Surgery,
Faculty of Medicine, Khon Kaen University, Thailand, were
asked to volunteer for this study. Informed consent was
obtained from each subject. Gross appearance of 37 surgical
specimens was classified as periductal-infiltrating (11 patients)
or mass-forming (26 patients) types. In addition, nine healthy
individuals of accidental cause of death were used as controls.

Specimen collection and storage

ICC cases were clarified by physicians using clinical finding
and laboratory investigation such as tumor markers, including
O-fetoprotein, carcinoembryonic antigen and carbohydrate
antigen 19-9, X-ray and histological examination. Liver tissues
in both cancerous and adjacent non-cancerous region were
obtained from the same patients in all cases. Sections were
immediately frozen in liquid nitrogen and stored at -80 C
until analysis. The International Union against Cancer TNM
classification and staging system were used for tumor assessment.
Liver function test and complete blood count were performed

by the hospital laboratory using standard protocols.

Reagents

Highly sensitive and specific anti-8-nitroguanine rabbit
polyclonal antibody was raised as described previously!'”.
Mouse monoclonal anti-8-oxodG antibody was purchased
from Japan Institute for the Control of Aging (Fukuroi,
Japan). Rabbit polyclonal anti-iINOS antibody and mouse
monoclonal anti-HIF-1ot antibody were purchased from
Calbiochem-Novabiochem Corporation (Darmstadst,
Germany). Alexa 594-labeled antibody against rabbit IgG
and Alexa 488-labeled antibody against mouse IgG were
obtained from Molecular Probes Inc. (Eugene, OR, USA).

Immunohistological staining

Immunohistochemical staining was performed by using
immunoperoxidase methods. Sections (thickness, 6 llm) were
deparaffinized in xylene and rehydrated in descending
gradations of ethanol. To enhance the immunostaining,
sections were placed in citrate buffer (pH 6) and microwaved
intermittently for up to 10 min for antigen unmasking. Endog-
enous peroxidase was quenched by immersion in 30 mL/L
hydrogen peroxide (H,O,) for 30 min, and then blocked
with 10 mg/L skimmed milk for 30 min. These sections
were treated with the primary antibodies (2 pg/mL for
8-nitroguanine and 5 llg/mL for 8-oxodG) overnight at room
temperature. The slides were then washed, and incubated
for 3 h with goat anti-rabbit IgG antibody, followed by the
treatment with peroxidase—anti-peroxidase complex (1:200)
for 1 h for detection of 8-nitroguanine. To detect 8-oxodG,
the slides were treated with HRP-conjugated goat anti-mouse
IgG antibody (1:200). The immunostaining were developed
by using 3,3-diaminobenzidine tetrahydrochloride as a
chromogen for 15 min.

The expression of iNOS and HIF-10t was assessed by
using double immunofluorescence technique as described
previously™. Briefly, the sections were treated with anti-
iNOS antibody (1:300) and anti-HIF-1ot antibody (1:500)
and then treated with Alexa 594-labeled antibody against
rabbit IgG and Alexa 488-labeled antibody against mouse
IgG (1:400 each). The results were analyzed by using a
laser scanning microscope.

The following scores were assigned to each specimen
according to the degree of staining: 0, negative; +, less than
25% (minimal); ++, 25-50% (moderate); and +++, more
than 50% (strong) in the cells of tissue sections.

Histopathological study

Histopathological study was performed by hematoxylin and
eosin staining in paraffin sections as described previously™.
Neural invasion and lymphatic invasion were assessed by

standard method?!.

Examination of specific IgG antibody against OV antigen and
OV eggs

OV-specific IgG antibody was determined by ELISA technique™.
Crude somatic antigen of OV was prepared from hamsters
infected with 100 metacercariae after 4 mo as desctribed
previously®. The OV egg count was determined from 1 g of
feces using the formalin-ethyl acetate concentration technique.
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Statistical analysis

Significant differences were analyzed by the x*test. Spearman’s
rank correlation coefficient served to analyze correlations
for qualitative data, while Pearson’s correlation coefficient
was used for quantitative data. P values less than 0.05 were
considered to be statistically significant.

RESULTS
Clinical data of ICC patients

ICC samples, comprising 37 matched cancerous and
adjacent noncancerous tissues and 9 healthy subjects who
died from accidental cases, were collected at the time of
surgery. ICC patients included 26 men and 11 women with
the mean age 53%11 years. These subjects were verified by
histopathological study and comprised of well (15 patients,
including 2 patients of papillary), moderately (11 patients)
and poorly (11 patients) differentiated adenocarcinoma. The
gross appearance was periductal infiltrating (11 patients)
and mass forming (26 patients). Tumor size was 3-6 cm
(22 patients), 7-10 cm (4 patients) and >10 cm (4 patients).
The average of hemoglobin and hematocrit of all patients
was 11.7+2.3% and 34.726.5%, respectively. Most of the
patients (22 out of 37, 59.5%) had total bilirubin less than
1 mg% without jaundice, and other patients had total bilirubin
of 1-10 mg% (5 patients) and >14 mg% (10 patients). Sixty
percent was positive for OV antibody and 30% was positive
for OV egg, without adult worm in the liver. All patients
had no history of infection with hepatitis vitus and exposure
to aflatoxin.

Formation of 8-0xodG and 8-nitroguanine
Immunohistochemical staining demonstrated that 8-oxodG
and 8-nitroguanine formation was observed in inflammatory
cells within the liver to a greater extent in cancer patients
than in healthy subjects. 8-oxodG and 8-nitroguanine were
formed to a much greater extent in cancerous tissues than
that in non-cancerous tissues. 8-oxodG formation was
observed in tumor cells and inflammatory cells, whereas
8-nitroguanine was formed mainly in inflammatory cells
and weakly in tumor cells in cancerous tissues (Figure 1).
We have confirmed that the anti-8-nitroguanine antibody is
highly sensitive and specific by a dot immunobinding assay
and absorption test!'”.

Expression of HIF-lecand iNOS

Double immunofluorescence staining revealed that HIF-1al
and iINOS expression could be detected in all cancerous
tissues and was found to a greater extent than in non-
cancerous tissues. Expression of HIF-1¢ and iNOS was
found in the tumor tissues especially bile duct epithelial
cells (Figure 2). Slight immunoreactivity of iNOS was
observed in inflammatory cells, especially Kupffer cells, in
healthy subjects.

The correlation of 8-oxodG and 8-nitroguanine formation and
iNOS expression with tumor invasion

Table 1 exhibits the relationship of DNA damage with
lymphatic and neural invasion in ICC patients. Immuno-
reactivity for 8-oxodG and 8-nitroguanine was stronger in

8-Nitroguanine 8-oxodG
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Figure 1 Localization of 8-oxodG and 8-nitroguanine in cancerous and
noncancerous liver tissues in an ICC patient with a well-differentiated
adenocarcinoma. Formation of 8-oxodG and 8-nitroguanine was assessed by
immunohistochemistry using an immunoperoxidase method. Paraffin sections
(6 um thickness) were incubated with a rabbit polyclonal anti-8-nitroguanine
antibody and a mouse monoclonal anti-8-oxodG antibody. The original
magnification is 200x.

cancerous tissues than in the adjacent non-cancerous tissues
(P<0.05). HIF-10. could be detected in all cancerous tissues.
HIF-1a expression was correlated with iNOS expression
(r=10.369 and P = 0.025) and 8-0xodG formation (r = 0.398
and P = 0.015) in cancerous tissues. Furthermore, iNOS
expression was significantly correlated with the formation
of 8-0xodG (r=0.584 and P = 0.00015) and 8-nitroguanine
(r=0.328 and P = 0.047). 8-0xodG formation in cancerous
tissues was also significantly correlated with increased
lymphatic invasion (» = 0.386, P =0 .018). The formation
of 8-nitroguanine and 8-oxodG in non-cancerous tissues
was significantly associated with neural invasion (P = 0.042
and P = 0.020, respectively). Neural invasion was associated
with poor survival by generalized Wilcoxon test (P = 0.021)
using the Kaplan-Meier method (Figure 3). In addition, in
cancerous tissues, formation of 8-oxodG and 8-nitroguanine
was positively correlated with serum ALT, AST and alkaline
phosphatase (ALP) (r = 0.706, 0.58, and 0.96 for 8-oxodG
and = 0.63, 0.58, and 0.86 for 8-nitroguanine, respectively).
Moteover, iNOS expression was also associated with ALT,
AST, ALP (r= 0.71, 0.97 and 0.82, respectively).

DISCUSSION

Our results showed that both 8-nitroguanine and 8-oxodG
were formed in cancerous tissues to a much greater extent
than the adjacent non-cancerous tissues. Moreover, the
formation of these DNA lesions was correlated with neural
and lymphatic invasion. 8-oxodG was formed in tumor cells
and inflammatory cells, whereas 8-nitroguanine was observed
mainly in inflammatory cells and weakly in tumor cells. These
results are consistent with a model in which tumor cells
encourage inflammatory cell infiltration in cancerous areas;
inflammatory cells then induce 8-nitroguanine and 8-oxodG
formation via NO and superoxide anion radical production™.

The present study revealed that 8-nitroguanine and
8-0x0dG formation was related with serum ALT, AST, and
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Figure 2 Localization of iNOS and HIF-1c in cancerous liver tissues in an ICC
patient with poorly-differentiated adenocarcinoma. The expression of iNOS and
HIF-1o was assessed by using double immunofluorescence technique. Paraffin

ALP activity. This result is supported by the report showing
that the number of 8-oxodG-positive hepatocytes was
correlated with ALT and AST in liver diseases”. These
findings can be explained by assuming that increase in NO
and ROS not only causes DNA damage, but also induces
epithelial bile duct and hepatocyte injury, resulting in an
increase in hepatobiliary enzyme activities.

Our results showed that HIF-10l was associated with
iNOS expression and 8-oxodG formation in cancerous
tissues. This result is confirmed by immunohistochemistry
showing that iNOS and HIF-1¢ co-localized in cancerous
tissues. HIF-10l could be detected in all cancerous tissues,
suggesting low oxygen consumption in tumor tissues. Tumor
cells adapt to hypoxia by increasing the synthesis of HIF-1a,

HIF-1o

Merge

sections were treated with anti-iINOS and anti-HIF-1c. antibodies. The original
magnification is 400x.

which mediates transcription of various genes, including
iNOS™. iNOS expression was correlated with both 8-
nitroguanine and 8-oxodG formation. Therefore, we hypot-
hesize that tumor hypoxia induces HIF-1ot expression, and
then HIF-10, mediates iNOS expression, resulting in nitrative
and oxidative DNA damage. On the other hand, an increase
in NO production through iNOS expression not only causes
DNA damage®! but also induces the accumulation and
activation of HIF-10U***7. Therefore, these findings lead
to an idea that reciprocal activation between HIF-10t and
iNOS mediates persistent DNA damage. Hypoxia in tumor
cells increases the generation of mitochondrial H,0O, at
complex ITT®¥) which may lead to 8-0xodG formation.
Interestingly, we found that 8-oxodG formation in cancerous

Table | Relationship of DNA damage with lymphatic and neural invasion in ICC patients

Number (%) Number (%) Number (%) of Number (%)
of patients of patients  patientswith  of patients
Immuno- 8-0x0dG 8-Nitroguanine HIF-1o with with neural with
histological Number of Number of Number of lymphatic lymphatic invasion neural
grading patients (%) patients (%) patients (%) invasion invasion (8-0x0dG) invasion
(8-0xodG)  (8-nitroguanine) (8-nitroguanine)
Cancerous Non-cancer Cancerous Non-cancer Cancerous Cancerous Cancerous Non-cancer Non-cancer
ICC (37)
0 - 5(13.51) 11 (29.73) 17 (45.95) - - 9/11 (81.82) 1/5 (20) 8/17 (47.1)
+ 11 (29.73) 17 (45.94) 13(35.14) 19 (51.35) 10 (27.03) 6/11(54.55) 10/13(76.92) 14/17 (82.4) 16/19(84.2)
+ 11 (29.73) 10 (27.03) 8(21.62) 1(2.70) 18 (48.65) 10/11 (90.91) 6/8 (75) 5710 (50) 0/1 (0)
. 15 (40.54) 5(13.51) 5 (13.51) - 9(24.32) 14/15(93.33)  5/5 (100) 4/5 (80)
P-value P =0.004 P =0.007 P=0.018 P =0.679 P =0.042 P =0.026
Healthy (9)
0 2(22.22) 7(77.77)
+ 7(77.77) 2(22.22)

Non-cancer = noncancerous tissues. 0 = no positive cell, + = positive in few areas or cells, ++ = moderately positive and +++ = predominately positive. ICC samples,
comprising 37 matched cancerous and adjacent noncancerous tissues and 9 healthy subjects who died from accidental cases were collected at the time of surgery. ICC
patients included 26 men and 11 women with the mean age 53+11 years. These subjects were verified by histopathological study and comprised well- (15 patients,
including 2 patients of papillary), moderately- (11 patients) and poorly (11 patients) differentiated adenocarcinoma. The International Union Against Cancer TNM

classification and staging system were used for tumor assessment.
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Figure 3 Overall survival curve of ICC patients. Thin line, neural invasion
evaluated as -; thick line, neural invasion evaluated as + (Kaplan-Meier
method).

tissues was significantly correlated with lymphatic invasion.
In addition, the formation of 8-nitroguanine and 8-oxodG
in non-cancerous tissues was significantly associated with
neural invasion. These results suggest that DNA damage
patticipates in tumor invasion and/or poor survival. The
accumulation of DNA base lesions may contribute to genetic
instability and mutations, leading to tumor progression!'*.,
Recent data have expanded the concept that inflammation
is a critical component of tumor progressiont. It has been
reported that INOS expression is associated with poor survival
in cancer patientsP™!l. Tumot-detived NO promoted tumor
growth and metastasis by enhancing invasive, angiogenic
and migratory capacities of tumor cells?***. Our findings
raise the idea that NO-mediated DNA damage plays the
key role in tumor progression and poor survival. Together,
HIF-10u may contribute to tumor progression™ and subsequent
poort prognosis® via a nitrative and oxidative DNA damage-
dependent mechanism. Therefore, our results and these
repotts lead to an idea that tumor hypoxia mediates HIF-
1ot expression, followed by iNOS expression, and nitrative
and oxidative DNA damage, which induces tumor
invasiveness via mutations. Tumor growth facilitates tumor
hypoxia and subsequent expression of HIF-10t and iNOS
to cause DNA damage in addition to DNA damage mediated
by inflammatory cells, resulting in tumor development.
Tumor tissues may undergo development through repetition
of this process, resulting in invasion and metastasis, leading
to poor prognosis.

The combination of previous data with the results of
this study, proposes a model in which 8-nitroguanine and 8-
oxodG induced by inflammation and hypoxia may participate
in tumor invasion, functioning in combination with DNA
damage-independent mechanisms, including NO-mediated
promotion of migratory, invasive and angiogenic properties”’.
We previously reported that OV infection induced the
formation of 8-oxodG and 8-nitroguanine through chronic
inflammation at the initiation and/or promotion step of
carcinogenesis!'®. In addition, we hypothesize that 8-
nitroguanine and 8-oxodG may also contribute to progression
of carcinogenesis mediated by chronic OV infection. In
this study, we demonstrated earlier that 8-nitroguanine was
formed by cancerous tissues in humans, and this observation
strongly supports our hypothesis. In conclusion, the formation
of 8-nitroguanine and 8-oxodG is mediated by reactive

species generated endogenously in the process of tumor
hypoxia. These DNA lesions could contribute to multiple
steps of carcinogenesis, leading to tumor progression,
including invasiveness.
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