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Abstract

Min mice have a germ-line nonsense mutation at codon 850 of the adenomatous polypogipa@etie. These mice
spontaneously develop multiple polyps in the small and large intestine at the age of 10-12 weeks. The aim of this study
was to assess the role of reactive nitrogen species and poly(ADP-ribose) synthetase in tumorogenesis. Oxidative stress
was found to be increased in the mucosa of the small intestidg@at™+ mice with a concomitant increase in intestinal
polyposis over control mice. Pharmacological inhibition of inducible nitric oxide synthase (NOS) with guanidinoethyldisulfide
(GED) or stimulation of the breakdown of the nitrogen reactive species peroxynitrite using a potent decomposition catalyst,
FP 15, reduced both the intestinal tumor load and the oxidative stress associated with intestinal polyppsT¥'in
mice. Surprisingly, pharmacological inhibition of poly(ADP-ribose) synthetase by the phenanthridinone derivative PJ 34 also
reduced the intestinal polyposis and oxidative stress in these mice, possibly through the inhibition of induction of nitric oxide
synthase. These results suggest that reactive nitrogen species particularly peroxynitrite play a pivotal role in development of
intestinal polyposis and that strategies to reduce both the oxidative stress and the formation of these radical species may be
potential chemopreventive approaches for colorectal cancers.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tal therapeutic interventions for the human familial
adenomatous polyposis (FAP).

Min mice have a germ-line nonsense mutation at  Nitric oxide is a reactive free radical implicated in
codon 850 of the adenomatous polyposis c8ld) many inflammatory processes as well as being physi-
gene[1]. These mice spontaneously develop multiple ological important in the cardiovascular system along
polyps in the small and large intestine at the age of with being an important signaling molecule in most
10-12 weekg1]. These mice, therefore, represent a body tissues[2]. Nitric oxide is synthesized from
very useful experimental model for testing experimen- arginine by the enzyme nitric oxide synthase (NOS).

There are three isoforms of NOS; eNOS (endothelial),

" Corresponding author. Tek+1-978-232-9660; and nNOS (neu_ronal),_whlch are bpth constl_tutlvely
fax: +1-978-232-8975. expressed, and iINOS (inducible) which when induced
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guent tissue damad@,4]. Potential mechanisms of tu-
mor promotion by nitric oxide include DNA and tissue
damage plus gene mutation induced by reactive nitro-

gen species such as peroxynitrite, formed by the reac-

tion of nitric oxide with superoxid¢s]. Peroxynitrite
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chosen based on previous work demonstrating effec-
tivness with these agents in a variety of animal models

[14,16,18,19,24,27,28]The animals were treated for

8 weeks until the mice were 12 weeks of age when

they were sacrificed. In a separate set of experiments

has been suggested to be the dominant damaging agenthe start of treatment of C57BL/6%c™" mice with

resulting from overproduction of nitric oxidé]. DNA
damage induced by nitric oxide or peroxynitrite leads
to activation of the nuclear enzyme poly(ADP-ribose)
synthetase (also known as poly(ADP-ribose) poly-
merase or PARP), an enzyme, the activation of which
has been implicated in the pathogenesis of many in-
flammatory condition$7]. Nitric oxide can stimulate
tumor angiogenesis and vascular permeability in solid
tumors|[8]. Increased expression of iINOS has been
demonstrated in ulcerative colifig], colon adenomas
[10] and carcinoma$l1] in human subjects. Nitric
oxide and peroxynitrite can both activate the enzyme
cyclooxygenase-2 (COX-2), which plays a critical
role in the pathogenesis of a variety of cancers via
prostaglandin synthesis and angiogengks13]

In this study we have investigated the effects of
a specific inhibitor of INOS, guanidinoethyldisul-
fide (GED)[14-17] the peroxynitrite decomposition
catalyst, FP 1§18-21] and the specific poly(ADP-
ribose) synthetase (PARP) inhibitd¥;(6-0x0-5,6-di-
hydrophenanthridin-2-yIN,N-dimethylacetamide hy-
drochloride (PJ 34]22-26] on the development of
intestinal polyposis in thé&pc™"+ mouse.

2. Materials and methods

2.1. Animals

Male C57BL/6JApc™" and their appropriate con-
trol were obtained from the Jackson Laboratory (Bar
Harbor, ME). The mice were bought at 4 weeks of
age and allowed to acclimatize for 1 week at Inotek
Pharmaceuticals’ animal facility. Mice were main-
tained on the NIH 31M 11% fat diet (supplied by

GED (30mg/(kgday)) was delayed until the mice
were 8 weeks old and treated for 4 weeks until 12
weeks of age.

All animal experiments were carried out in ac-
cordance with the guidelines published by the NIH
in “Principles of laboratory animal care” (NIH pub-
lication no. 85-23, revised 1985) and with the ap-
proval of the local Institutional Animal Care and Use
committee.

2.2. Polyp number scoring

Immediately after sacrifice the small and large in-
testine was removed and opened longitudinally. The
digesta was washed from the mucosal surface with
phosphate buffered saline and the small intestine split
into proximal, middle and distal. The numbers of
polyps in each section of the small intestine and the
colon were counted under a dissecting microscope
(20x magnification) by a blinded investigator. One
hundred percent of the mice were found to have
intestinal polyps, including all mice in the experimen-
tal treatment groupsn(= 10-20). Following polyp
counting a biopsy of the small intestine from every an-
imal was taken and frozen in liquid nitrogen for subse-
guent biochemical analysis. To reflect the profile of the
whole small intestine a piece of tissue was taken from
the proximal, middle and distal region of the small in-
testine and combined for further biochemical analysis.

2.3. Malondialdehyde assay (MDA)

Malondialdehyde formation was utilized to quantify
the lipid peroxidation in the small intestine and mea-
sured as thiobarbituric acid-reactive matef9,30]

Purina Mills, St Louis, MI stock number 5K20). At5 Tissues were homogenized (100 mg/ml) in 1.15% KCI
weeks of age the mice were treated orally by gavage buffer. Two hundred microliters of the homogenates
with GED, FP 15 or PJ 34 at various doses with the were then added to a reaction mixture consisting of
dose being divided equally and given twice a day, 1.5ml 0.8% thiobarbituric acid, 2Q0 8.1% sodium

all the compounds were prepared in water with the dodecyl sulfate, 1.5 ml 20% acetic acid (pH 3.5) and
control animals receiving a similar volume of vehicle 600ul distilled H,O. The mixture was then heated at

by gavage. The doses of drugs administered were 90° C for 45 min. After cooling to room temperature,
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the samples were cleared by centrifugation (10,000 gels were developed in €& free buffer containing
g, 10 min) and their absorbance measured at 532 nm,20 mM EDTA.

using 1,1,3,3-tetramethoxypropane as an external stan-

dard. The level of lipid peroxides was expressed as 2.5. Satitical analysis

nmol MDA/mg protein, which was determined using

the Bradford assaf81]. The results are presented as meaBEM,; statis-
tical analysis was preformed using one-way ANOVA
2.4. Metalloproteinase zymography followed by Student—-Newman—Keuls multiple com-

parisons post-hoc analysis, withPavalue of less than
Gut samples from mice were homogenized in TNC 0.05 considered significant.

buffer (50 mM Tris, 0.15mM NaCl, 10mM Cagl
0.05% Brij 35, 0.02% Napl pH 7.4) and cellular de-
bris was removed by centrifugatid26,32]. Protein 3. Results
content was assayed by Bradfords method and sam-
ples were mixed with equal volume 0&2SDS sam- There was a 100% incidence of intestinal polyps
ple buffer (Invitrogen, Carlsbad, CA). Samples were in the vehicle treated\pc™"/* mice as compared
incubated at room temperature for 15min and were to 0% incidence in the control micdgble 1. This
applied to gelatin or casein zymography gels.¢3. intestinal polyposis was associated with an increase
After electrophoresis (125V, 90min) proteins were in intestinal lipid peroxidation as determined by tis-
renatured in zymography renaturing buffer (Invitro- sue MDA levels Table 3. Mice gut extracts were
gen) for 30 min at room temperature under continuous subjected to MMP zymographyig. 1). Gut extracts
shaking and were then placed to 7 for overnight of C57BL/6 mice with no interruption in the ade-
developing in Developing buffer (Invitrogen). Undi- nomatous polyposis coliApc) gene were used as a
gested substrate was visualized by Coomassie Brilliant control. The calcium dependence of the proteinases
Blue staining (0.1% Coomassie Brilliant Blue, 45.5% was tested using calcium free buffer (supplemented
methanol, 9% acetic acid). To confirm that digested with 20 mM EDTA) in order to differentiate between
bands are due to €a dependent proteases, replicate the proteolytic enzymes involved in digestion, pro-

Table 1
Effect of the INOS inhibitor, GED, the peroxynitrite scavenger, FP 15, and the PARS inhibitor, PJ 34, on intestinal polyp number
Treatment Number of polyps Total
Small intestine Colon
Proximal Middle Distal
Control 0 0 0 0 0
Vehicle 6.6+ 0.6 145+ 1.4 26+ 2.2 23+ 0.3 49.4+ 3.3
GED (10 mg/(kg day)) 491 9.3+ 0.6 10.3+ 1* 1.6+ 0.3 26+ 2.7
GED (30 mg/(kg day)) 2.9 0.7 7.1+ 1* 7.7+ 0.8 1+03 18.8+ 2T
FP 15 (1 mg/(kg day)) 52 0.7 11.2+ 1.6 18.8+ 1.2 1.7+ 0.2 36.8+ 2.8"
FP 15 (3mg/(kg day)) 4.6 0.4 10 + 1.4 16.4+ 1.2 09+ 0.2 32+ 26
PJ 34 (3mg/(kg day)) 8.3 0.9 139+ 1.3 239+ 2.1 1.8+ 0.1 47.8+ 3.2
PJ 34 (10 mg/(kg day)) 4.+ 0.3 10.3+ 1.1F 19.3+ 2* 1+0.3 34.7+ 3.47

Male Apc™"/+ mice were treated from 5 weeks of age with either vehicle (water), GED (10 or 30 mg/(kg day)), FP 15 (1 or 3 mg/(kg day))
or PJ 34 (3 or 10mg/(kgday)) until 12 weeks of age. Immediately after sacrifice the intestine was removed in its entirety, separated into
the various sections and the number of polyps counted in each section by a blinded investigator. Statistical analysis was conducted from
n = 10-21 per experimental group using one-way ANOVA followed by Student-Newman-Keuls multiple comparisons post-hoc analysis
where P < 0.05 was considered significant.

* P < 0.05 vs. the appropriate vehicle intestine section.

T p < 0.05 vs. total number of polyps in the vehicle mice.
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Fig. 1. Activity of 155kDa metalloproteinase is increased in the

guanidinoethyldisulfide. On gelatin zymography gels only one band was clearly detected with a molecular weight of 155kDa. Activity

intestine of AR ™+ mice: inhibition by the iINOS inhibitor,

of this MMP was absent in control mouse intestines but increasetpe™™+ mice with the activity inhibited in mice treated with

30 mg/(kg day) GED. Gel is representative of three gels each with

duced in the gut. Only the zymography bands which
disappeared in the EDTA buffer showing calcium de-
pendence were considered as MMPs. On the gelatin
zymography gels we found several bands which

two to three separate mouse extracts for each treatment protocol.

phy did not show up calcium dependent bands; results
not shown), but only one of these bands which had a
molecule weight of 155kDa was clearly activated in
Apc™n/+ as compared to control micé&ig. 1). We

demonstrated calcium dependence (casein zymogra-found no increase in intestinal levels of myeloper-

Table 2
Effect of the INOS inhibitor, GED, the peroxynitrite scavenger, FP
15, and the PARS inhibitor, PJ 34, on intestinal oxidative stress

Treatment MDA level (nmol/mg protein)
Control mice 0.2+ 0.02

Vehicle Apc™™/+ mice 3.3+ 0.28

GED (10 mg/(kg day)) 15 0.1+T

GED (30 mg/(kg day)) 0.9t 0.21

FP 15 (1 mg/(kg day)) 0.6 0.09-T

FP 15 (3mg/(kg day)) 0.6 0.06°T

PJ 34 (3mgl/(kg day)) 2.8 0.6

PJ 34 (10 mg/(kg day)) 1.2 01T

Male Apc™M/+ mice were treated from 5 weeks of age with
either vehicle (water), GED (10 or 30 mg/(kg day)), FP 15 (1 or
3mg/(kgday)) or PJ 34 (3 or 10 mg/(kg day)) until 12 weeks of
age. A biopsy of small intestine was removed and frozen in liquid
nitrogen for determination of tissue MDA levels. Statistical analysis
was conducted from = 10-21 mice per experimental group using
one-way ANOVA followed by Student—-Newman—Keuls multiple
comparisons post-hoc analysis whePe< 0.05 was considered
significant.

* P < 0.05 vs. control intestine.

T P < 0.05 vs. vehicle treatedpc™+ mice.

oxidase (MPO) indicating there was no neutrophil
accumulation in the tissue that may have accounted
for the increase in lipid peroxidation (data not
shown).

The iINOS inhibitor, GED, significantly reduced
the total number of intestinal polyps at both 10 and
30 mg/(kg day) Table 1), with a concomitant decrease
in tissue MDA level Table 9. GED treatment also
reduced the 155 kDa MMP activityri{g. 1). Delaying
the start of GED treatment from 5 to 8 weeks of age,
hence decreasing total treatment time from 7 to 4
weeks, also reduced the number of intestinal polyps
(Fig. 2A) and tissue oxidative stresBi@. 2B) though
not as effectively.

The peroxynitrite decomposition catalyst FP 15 at
both 1 and 3 mg/(kg day), significantly reduced both
the total number of polypsTéble ) as well as the
MDA level (Table 2. Only the highest dose of the
PARP inhibitor, PJ 34, 10 mg/(kg day), reduced the to-
tal polyp number Table ) and the tissue MDA levels
(Table 2, while the lower dose tested (3 mg/(kg day))
had no effect on intestinal polyposis or tissue levels
of MDA.
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Fig. 2. Effect delaying the start of GED treatment by 3 weeks on intestinal (A) polyp number and (B) oxidative stresspdTile-

mice were treated from 5 to 8 weeks of age with either vehicle (water) or GED (30 mg/(kg day)) until 12 weeks of age. Immediately after
sacrifice the intestine was removed in its entirety, separated into the various sections and the number of polyps counted in each section
by a blinded investigator. A biopsy of small intestine was removed and frozen in liquid nitrogen for determination of tissue MDA levels.
Statistical analysis was conducted fram= 10 mice per experimental group using one-way ANOVA followed by Student—-Newman—Keuls
multiple comparisons post-hoc analysis whéte: 0.05 was considered significantP*< 0.05; ** P < 0.01 vs. the vehicle-treated mouse
intestine and P < 0.05 vs. the intestine from mice where GED treatment started at 5 weeks of age.
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Fig. 3. Proposed scheme depicting the site of action of the INOS inhibitor, GED (top dashed line), the peroxynitrite scavenger, FP 15 (middle
dashed line), and the PARS inhibitor, PJ 34 (bottom dashed line), on polyp generation in th&poflét mice. Tumorigenic phenotype

is associated with the induction of various cascades culminating in the generation of oxidants and free radicals, including the expression
of the inducible isoform of NO synthase (iNOS), which, in turn, produces NO and nitroxyl anion. There is also increased oxidative stress.
NO and superoxide reacts to form peroxynitrite. Peroxynitrite, hydroxyl radical and nitroxyl anion induce DNA single strand breakage,
as well as increased oxidative stress (including malondialdehyde formation). DNA single strand breakage activates PARS, which, in turn,
further enhances the induction of INOS, can directly trigger necrotic type cell death and may enhance various pro-inflammatory signal
transduction pathways.

4. Discussion weeks was also able to reduce both polyp humber and
lipid peroxidation. Supression of the nitric oxide path-
We report here a definitive role for nitric oxide way appeared to be more effective than suppression
and pathways triggered by reactive nitrogen species of the poly(ADP-ribose) pathway in reducing tumor
in intestinal polyposis Kig. 3). Both a competitive load and lipid peroxidation oApc™"+ mice. This
inhibitor of INOS and a peroxynitrite decomposition observation is likely due to the more direct effect of
catalyst reduced the incidence of intestinal polyps in GED and FP 15 on the formation of nitric oxide and
Apc™"/+ mice. Intestinal polyposis in th&pc™n/+ related tissue damaging free radicals compared to PJ
mice was associated with a dramatic increase in tis- 34 which functions as an inhibitor of necrosis by pre-
sue lipid peroxidation, which was reduced by both the venting catastrophic reductions in cellular ATP levels
specific INOS inhibitor and a peroxynitrite decompo- following extensive DNA damagg33].
sition catalyst. Interestingly inhibition of PARP also We have also demonstrated a marked increase in
reduced the tumor load @pc™™+ mice and the in- MDA formation (a classic indicator of oxidative stress
testinal oxidative stress associated with polyposis. De- in pathophysiological conditions) in thépc™n/+
laying treatment with the NOS inhibitor GED by 3 mice. To our knowledge, this is the first demonstra-
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tion of such an increase in lipid peroxidation in the protein expression in azoxymethane-induced colonic
intestine of theApc™™/+ mice. Our data on intestinal  tumors has been demonstrated, as compared to normal
MPO levels and a more recent comprehensive study mucosg41]. Expression of the inducible nitric oxide
by Kettunen et al[34] has demonstrated that intesti- synthase has been demonstrated in human gastric,
nal immunology does not explain tumorigenesis in colon and breast canc@42,43] The inducible iso-
the Apc™n/+ mice. Our findings demonstrate that the form of nitric oxide synthase has been shown to be the
development of polyposis in thapc™"/+ mice may only isoform involved in stimulating tumor growth,
occur on a strong, hitherto unappreciated basis of probably through an increase in vascular endothelial
marked oxidative/nitrosative stress. growth factor productiorj44]. Interestingly, a study

We have also confirmed previous reports of an in- by Konopka et al. implicated peroxynitrite over nitric

crease in intestinal MMP activity i\pc™™/+ mice

oxide as the relevant species which increases VEGF

[35], indeed intestinal tumorigenesis is suppressed in mMRNA expression and releap#l].

mice lacking the metalloproteinase matrily3%]. We
have found an increase in activity of a 155 kDa MMP,
activity which is reduced by GED treatment implicat-
ing nitric oxide and/or oxidative stress as an activation
factor for this MMP. Studies using MMP inhibitors

Inhibiting the nuclear enzyme PARP (which has
historically been viewed primarily as a DNA repair
enzyme) and reducing tumor formation appears at
first sight to be a contradiction. One of the first re-
sponses of a cell to DNA single strand breakage is

have demonstrated a role for these enzymes in tumorthe synthesis of poly(ADP-ribose) by PARP. It has

progression and grow{86], with inhibitors of MMPs
reducing intestinal tumor load iApc™™/+ mice [37].

It appears MMP activation plays a critical role in in-
testinal tumorigenesis and that inhibition of MMP ac-
tivity may account for GEDs protective effect.

also been suggested that PARP deficiency causes
genomic instability via shortening telomeres whose
dysregulation is proposed to be a critical event in the
development of cancers. There have been reports of
PARP inhibitors enhancing and accelerating cancer

The role of iINOS plus nitric oxide and related development in animal models of liver carcinogen-
radical species in intestinal polyposis has proved con- esis [45], skin tumors[46], and pancreatig3-cell
troversial. Towards the end of 2001 two reports were tumors[47], all suggesting that inhibition of PARP
published describing opposite effects Apc™n/+ activity promotes tumorogenesis. However, the PARP
mice with disrupted iINOS gene. Ahn and Ohshima knockout mouse develops normally and is fertile and
[38] demonstrated a suppression of intestinal polypo- despite reports of genomic instability these mice have
sis in Apc™"+iNOS~/~ mice while Scott et al[39] not been reported to be prone to tumor development
demonstrated a promotion of intestinal tumorgenesis. [48]. Therefore, our data stand in apparent conflict
Ahn and Oshim&38] also showed that treatment with  with what has been published in previous reports.
aminoguanidine, a moderately selective and moder- We have found that a specific PARP inhibitor, PJ 34,
ately potent iNOS inhibitor, or an arginine-free diet reduced intestinal polyposis iApc™/+ mice and
also reduced the tumor load &pc™"* mice. The reduced intestinal oxidative stress. We believe that
discrepant results of Scott et $89] may be due to  the latter point is likely to be the key to the mecha-
differences in diet, microflora, infection and environ- nism of action. In agreement with our observations,
ment compared to other laboratories. Indeed the INOS Conde et al.[49] reported that loss of PARP-1 in-
knockout mouse displays a phenotype consistent with creases tumor latency in p53-deficient mice. Mice
a loss of the cytotoxic actions of nitric oxide but oth- lacking p53 are predisposed to developing tumors
erwise appears normal with no reports to date of an due to defective cell cycle checkpoints, resistance
increased incidence of tumors. However, the majority to DNA-damage induced apoptosis and upregula-
of published work seems to suggest a pivotal role for tion of iINOS resulting in chronic oxidative stress
nitric oxide in intestinal polyposis, and our data clearly [49]. Indeed nitric oxide involvement in the spon-
demonstrate a role for reactive nitrogen species. Theretaneous tumorigenesis in the p53-deficient mouse
is also a report showing that iINOS inhibitors can sup- has been demonstarted to be pivitol with previous
press development of azoxymethane-induced aberrantwork demonstrating that calorie restrictidb0,51]
crypt foci in rats[40] and an upregulation of INOS or administration of the steroids dehydroepiandros-



114 J.G. Mabley et al./Mutation Research 548 (2004) 107-116

terone [52] and 16a-fluro-5-androsten-17-01i63] [2] D.A. Wink, Y. Vodovotz, J. Laval, F. Laval, M.W. Dewhirst,
reduce spontaneous tumorigenesis by a mechanism J.B. Mitchell, The multifaceted roles of nitric oxide in cancer,
of inhibition of INOS expressioif54]. When in p53 Carcinogenesis 19 (1998) 711-721.

. . [3] O.W. Griffith, D.J. Stuehr, Nitric oxide synthases: properties
knockout mice the PARP-1 gene was dlsrupted, the and catalytic mechanism, Annu. Rev. Physiol. 57 (1995) 707—

tumor free survival increased by 50% compared to 736.

the p53 knockout with wild type PARP midd?9]. [4] S.S. Gross, M.S. Wolin, Nitric oxide: pathophysiological
The increased survival was associated with a decrease = mechanisms, Ann. Rev. Physiol. 57 (1995) 737-769.

in INOS expression and nitric oxide level in these [5] (n:i.t rif;aggbs':- i?]ihti)rircl)li; zgfegzgg‘gimi:gugi%ebﬁ ‘Efé%?;’
mice [49]. The_zre_for_e, it appears that PARP-_l’s role in 373385, 9 9 '

tumorogenesis is linked to the cells’ oxidative status. g) | |jaudet, F.G. Soriano, C. Szabo, Biology of nitric oxide
PARP has a functional link to activation of the tran- signaling, Crit. Care Med. 28 (2000) N37-N52.
scriptional factor NF«B and through this pathway  [7]L. Virag, C. Szabo, The therapeutic potential of
PARP inhibitors can reduce the cellular expression poly(ADP-ribose) polymerase inhibitors, Pharmacol. Rev. 54
of INOS in response to various stimulb5] (Fig. (2002) 375-429,

R . [8] K. Doi, T. Akaike, H. Horie, Y. Noguchi, S. Fuijii, T. Beppu,
3). PARP inhibitors have been suggested as possible M. Ogawa, H. Maeda, Excessive production of nitric oxide

agents to sensitize cancer cells to chemothefafy in rat solid tumor and its implication in rapid tumor growth,
Data presented here and published by other groups  Cancer 77 (1996) 1598-1604.

suggest that PARP inhibitors may also have addi- [9] S.P. Hussain, P. Amstad, K. Raja, S. Ambs, M. Nagashima,
tional beneficial effects in reducing tumorogenesis in ~ W.P- Bennett, P.G. Shields, AJ. Ham, J.A. Swenberg,

ituati h the d | t of t A.J. Marrogi, C.C. Harris, Increased p53 mutation load
Sitiuations where the development of UMors occurs in noncancerous colon tissue from ulcerative colitis: a

on the basis of chronic pro-inflammatory/pro-oxidant cancer-prone chronic inflammatory disease, Cancer Res. 60
stimuli. (2000) 3333-3337.

In conclusion, the current report identifies iINOS, [10] S. Ambs, W.G. Merriam, W.P. Bennett, E. Felley-Bosco, M.O.
peroxynitrite and PARP as downstream effectors of =~ ©Ogunfusika, S.M. Oser, S. Klein, P.G. Shields, T.R. Billiar,

. h L min/+ i C.C. Harris, Frequent nitric oxide synthase-2 expression in
intestinal polyp formation in thApC mice. One human colon adenomas: implication for tumor angiogenesis

can hypothesize that targeting the generation of re- and colon cancer progression, Cancer Res. 58 (1998) 334—
active nitrogen species and oxidative stress may be a  341.
possible therapeutic approach to cancer prevention or[11] M. Kojima, T. Morisaki, Y. Tsukahara, A. Uchiyama, Y.
treatment. Matsunari, R. Mibu, M. Tanaka, Nitric oxide synthase
expression and nitric oxide production in human colon
carcinoma tissue, J. Surg. Oncol. 70 (1999) 222-229.
[12] D.C. Goodwin, L.M. Landino, L.J. Marnett, Effects of
Acknowledgements nitric oxide and nitric oxide-derived species on prostaglandin
endoperoxide synthase and prostaglandin biosynthesis,
. . . FASEB J. 13 (1999) 1121-1136.
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