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Introduction

onsteroidal anti-inflammatory drugs

(NSAIDs) are widely used to relieve pain

and symptoms of arthritis and soft tissue
inflammation. Most patients with rheumatoid
arthritis receive NSAIDs as first-line agents for
prolonged periods; however, in addition to their
anti-inflammatory and analgesic effects, NSAIDs
also have unwanted effects on the upper gastro-
intestinal tract (GI).
According to the FDA, the prevalence of serious
events (symptomatic ulcers, bleeding, perfora-
tion) is in 1-2% of patients treated with NSAIDs
for up to three months, while for those patients
treated for a year, it can be seen in 2-5%.
The occurrence of GI toxicity appears to be
strictly correlated to the mechanism of action of
these drugs, namely the inhibition of the enzyme
cyclooxygenase. In fact, inhibition of platelet
cyclooxygenase, which causes prolonged bleeding
time, and inhibition of cyclooxygenase in gastro-
intestinal mucosa, which results in a decreased

synthesis of cytoprotective gastric prostaglan-
dins, represent the major cause of serious GI tox-
icity (upper GI bleeding events), leading to emer-
gency hospitalization of a number of patients
taking NSAIDs.

Over the last 10 years, discovery of the second
isoform of cyclooxygenase (COX-2) has led to
the development of specific COX-2 inhibitors
and resulted in potent anti-inflammatory com-
pounds with significantly reduced GI toxicity.
Additionally, novel compounds have been devel-
oped in the search for better-tolerated nonster-
oidal anti-inflammatory drugs, by adding a nitric
oxide (NO)-releasing group conventional
NSAIDs.

The highlights of this symposium will focus on
these new families of NSAIDs and provide im-
portant insights into the mechanisms of action as
well as potential therapeutical uses of these novel
anti-inflammatory agents.



Immunomodulatory effects of NO-NSAIDs and
[0X-2 selective ihibitors. Relevance for their

anti-inflammatory effect mainly through the
decreased production of prostaglandins re-
sulting from inhibition of cyclooxygenase
enzymes. Nevertheless evidence has appeared in
the literature suggesting that NSAIDs may exert
additional activities independent from inhibition
of the synthesis of prostaglandins.
It has been shown that aspirin and other NSAIDs
inhibit nuclear factor-kappa B (NF-kB) mobiliza-
tion as well as the expression of adhesion mol-
ecules in endothelial cells and monocytes.
On the other hand, little is known about the ef-
fect of currently available NSAIDs on T-
lymphocytes and therefore the production of
cytokines that play a central role in the evolution
of the inflammatory response.
CD4 positive T-lymphocytes are known to differ-
entiate into Th1l and Th2 upon activation with
IL-2. Thl cells mainly release proinflammatory
cytokines such as interferon gamma (IFNy), while
Th2 response is characterized by the release of
IL-4, 1IL-5 and IL-10, this later cytokine possess
anti-inflammatory activities. The activation of the
Thl-dependent cytokine pathway is known to
be involved in the development of inflammatory
pathologies such as arthritis, inflammatory bowel
disease, and neurodegenerative diseases.
The recent development of NSAIDs carrying a
NO-donor group has opened a new field of re-
search in anti-inflammatory therapy. In fact, ni-
tric oxide, formerly known as endothelial derived
relaxing factor (EDRF), possesses several differ-
ent immunoregulatory activities:
«» suppression of IL-2 and IFNy gene expression
and enhancement of IL-4 production
+ increase in the production of mediators that in-
duce Th2 differentiation in antigen-presenting
cells
+ induction of T-cell apoptosis
« interference with selectin-dependent cell adhe-
sion
+ inhibition of Thl-like and enhancement of
Th2-like response at low, micromolar concen-
trations.
Furthermore it has been shown that iNOS knock-
out mice develop Thl-mediated autoimmune
disease.

[: lassical NSAIDs are known to exert their

Recently it has been shown that endogenous and
exogenous NO inhibits IL-1p and IL-18 release
from macrophages, an effect mediated by the
nitrosylation of ICE (IL-1B converting enzyme).
This enzyme plays an important role in the in-
flammatory response because it is responsible for
the processing of procytokines into the active
form of IL-1p and of IFNy-inducing factor (IGIF
or IL-18). IL-1B and IL-18, synthesized by
macrophages and T-lymphocytes, are potent in-
ducers of the synthesis of additional inflam-
matory cytokines such as tumor necrosis factor
alpha (TNFa), IFNy, and IL-8 (Figure 1).

ICE has a key role in inflammation
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(Figure 1)

ICE belongs to the family of caspases, enzymes
possessing cysteine aspartate protease activity,
and is active as an eterotetrameric form of two
different subunits: pl0 and p20. As expected
from the potential role of ICE in inflammatory re-
sponses, ICE knockout mice showed decreased
inflammatory responses to endotoxic shock with-
out significant changes in thymocyte and
macrophages apoptosis.

Recently, it has been shown that inactive caspases
exist as a nitrosylated zymogen in several unsti-
mulated human cell lines, with nitrosylation oc-
curring at the catalytic-site cysteine. Activation of
cells causes not only cleavage of zymogen to its
active subunits, but also denitrosylation, thereby
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for their anti-inflammatory activity

freeing the active site thiol.

Chemically reactive NO may therefore represent
an effective tool for the control of ICE activity,
thus modulating the associated cascade of in-
flammatory cytokines.

NCX-4016, a nitro derivative of aspirin, but not
aspirin itself, is very effective in dose-dependently
inhibiting IL1p, IL-18 and IFNy production by
LPS-activated human macrophages. Similarly,
a modest but significant inhibition of TNFa
and IL-8 production by NCX-4016, was also
observed.

Unlike NCX-4016, specific inhibition of COX-2 is
completely unable to modify LPS-induced cytoki-
ne production by monocyte-derived human ma-
crophages, in spite of the very efficient inhibition
of PGs production achieved in the same cell
model of inflammatory response.

According to the potential activation of ICE
during inflammatory responses, ICE activity, eval-
uated by the cleavage of a specific substrate pep-
tide (YVAD), was increased upon LPS activation;
pretreatment with NCX-4016, but not with the
parent compound aspirin, dose-dependently de-
creased the LPS-induced ICE activity, suggesting
a potential inhibitory effect of NCX-4016 on ICE
activity.

In addition to its effect on the activity of ICE,
NCX-4016 was also able to inhibit the expression
of ICE, as determined by immunoblotting of the
p20 subunit.

The potential nitrosylation of ICE by NCX-4016
was investigated using DTT, which is able to re-
duce nitrosylated proteins; co-administration of
NCX-4016 with DTT significantly decreased
the inhibition of ICE observed using NCX-4016
alone, suggesting that the NO-donor activity of
NCX-4016 may indeed be involved in such an
effect.

Additional in vivo effects of NCX-4016 were
studied using an animal model of acute, T-
lymphocytes-dependent hepatitis, obtained by
treating mice with concanavalin A (Con-A).
Pretreatment with NCX-4016 completely abol-
ished the increase in plasma aminotransferase
levels, and protected against liver necrosis
induced by the treatment of mice with Con-A, as
assessed by liver histology.

In accordance with these observations, NCX-
4016 significantly inhibited the production of
IL1B and IFNy observed in vivo following treat-
ment with Con-A, as well as the LPS-dependent
ICE activity observed in mouse spleen in vitro.
Furthermore, liver immunohistochemistry show-
ed that pretreatment with NCX-4016 significantly
decreased Con-A-dependent expression of Fas-
ligand, a member of the tumor necrosis factor
(TNF) family of death-inducing ligands, involved
in apoptotic processes by interaction with the
death receptor Fas.

Taken together, the results presented support the
hypothesis that NCX-4016, and possibly other
members of the novel family of NO-NSAIDs, not
only exert COX-dependent and COX-
independent anti-inflammatory activities, but as
a consequence of the NO-donor ability of these
compounds, they can exert additional anti-
inflammatory activities related to ability to inter-
fere with the caspase 1-dependent pathway of in-
flammation.

@ Caspase 1(ICE), an enzyme which possesses
cysteine aspartate protease activity, has a key
role in inflammatory processes involving the
production of IL-1f and IFNy-inducing fac-
tor (IGIF or IL-18) being responsible of the
conversion of procytokines into their active
Jforms.

@ NCX-4016, a nitro-derivative of aspirin, but
not aspirin or selective COX-2 inhibitors, in-
hibits the LPS-induced production of differ-
ent cytokines.

@ NCX-4016 inhibits the activity of ICE both
“in vitro” and “in vivo”, possibly through
the nitrosylation of ICE protein.

@ NCX-4016, but not aspirin, protects experi-
mental animals from T-cell-dependent acute
liver injury.

@ NCX-4016 inhibits prostaglandin (PG) pro-
duction in experimental animals “in vivo”,
without causing gastric lesions associated
with the treatment with aspirin.




hastrointestinal and cardiovascular safety of
[0X-2 inhibitors and NO-NSAIDs

COX-2 inhibitors have provided a new

family of GI safer NSAIDs; nonetheless it
must be pointed out that some issues concerning
the mechanism of GI toxicity induced by NSAIDs
need further clarification in order to achieve a
correct picture of the role of COX-1 and COX-2
in the GI system.
The first issue to be addressed is the hypothesis
that inhibition of gastric COX-1 is responsible
for the GI toxicity of NSAIDs. The results obtai-
ned with COX-1 knockout mice showed that, in
spite of negligible gastric PG synthesis, mice did
not show spontaneous gastric damage, although
still sensitive to indomethacin-induced hemor-
rhagic erosions. Furthermore the highly specific
COX-1 inhibitor developed at Searle (SC-560),
did not cause gastric damage in rat when admin-
istered at a dose able to completely suppress
TXB, formation in whole blood ex vivo, as well as
to significantly inhibit gastric PGE, synthesis.
Similarly, a COX-2 selective inhibitor (celecoxib)
at a dose capable of completely suppressing
PGE, production in inflammatory exudates,
did not cause either inhibition of gastric PG
production or gastric damage. Interestingly, co-
administration of the two drugs, resulting in

D evelopment and marketing of selective
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suppression of both COX-1 and COX-2 activity,
caused gastric damage comparable to that
obtained with the conventional NSAID
indomethacin (Figure 2).

Evaluation of ketorolac for COX-1 and COX-2
selectivity in vivo showed that at 1-3 mg/kg
the drug almost completely suppressed COX-1
activity without affecting COX-2 activity; inter-
estingly, gastric damage became evident only at
higher doses (10-30 mg/kg) in parallel with incre-
asing inhibition of COX-2 activity. As previously
observed for SC-560, co-administration of
ketorolac and a specific COX-2 inhibitor at doses
which did not cause GI damage, resulted in a
striking increase in the number of gastric lesions.
To determine the mechanism underlying mucosal
injury that requires both COX-1 and COX-2 inhi-
bition, reduction of gastric blood flow and in-
creased adherence of leukocyte within the gastric
microcirculation were evaluated in vivo by laser-
Doppler flowmetry and intravital microscopy.
The results obtained showed that treatment with
either indomethacin or a COX-1 inhibitor, but
not with the COX-2 specific inhibitor, signifi-
cantly decreased gastric blood flow, suggesting
that this is a COX-1-mediated effect. On the
other hand, leukocyte adhesion was significantly
increased by indomethacin and the COX-2
inhibitor, but not by the COX-1 specific inhibitor,
highlighting the involvement of COX-2 in the
mechanism which leads to enhanced leukocyte
adhesion (Figure 3).

COX-2 inhibition causes leukocyte
adhesion to gastric microvessels
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These results are consistent with the information
obtained from COX-1 knockout mice, and there-
fore support the notion that gastric damage
induced by NSAIDs requires inhibition of both
COX-1 and COX-2.

In light of the observed effect of NSAIDs on leu-
kocyte adhesion and vascular blood flow, it is of
interest to evaluate the effect of these compounds
in pathological conditions characterized by
stimulated vascular adhesion and decreased
blood flow such as ischemia-reperfusion injury
and hemorrhagic shock. Recent results showed
that COX-2 inhibitors are able to aggravate
ischemia-reperfusion injury in the rat stomach, in
spite of the fact that COX-2-dependent produc-
tion of PGs in the gastric mucosa could not be de-
tected. Several groups have also reported that
COX-2 is expressed at the margins of stomach
ulcers, where the healing process is taking place,
and that treatment with COX-2 inhibitors in-
duces a significant retardation of ulcer healing,
suggesting involvement of COX-2 in the healing
process. Several NO-NSAIDs have been tested
for the potential of delaying ulcer healing, but
it has been shown that, unlike the parent com-
pounds, they accelerate rather than delay the
healing process (Figure 4).
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NSAIDs are known to worsen inflammatory
bowel disease (IBD) as well as experimental coli-
tis, where enhanced synthesis of PGs is observed.
In a recent study biopsies obtained from ulcer-
ative colitis or Crohn's disease, colonic mucosa
produced significantly more PGE,, PGI,, and
thromboxane A, than did controls, and these in-
creases were inhibited to a similar extent by either
a highly selective COX-2 inhibitor or a traditional
nonselective NSAID.

In a model of experimental colitis, PG synthesis

was increased more than 25-fold, and repeated
administration of a COX-2 selective inhibitor ex-
acerbated the colitis, leading to perforation and
death of the animals, similar to the results ob-
tained in COX-1 and COX-2 knockout mice,
where colitis was worsened when compared to
wild-type animals. Using the same experimental
colitis model, diclofenac showed similar results
while NO-diclofenac did not cause an increase in
the mortality, suggesting that the NO-donor
ability of NO-NSAID might protect against this
important side effect of NSAIDs.

Among the important clinical side effects associ-
ated with the treatment with NSAIDs it has been
shown that NSAIDs exacerbate hypertension and
reduce efficacy of antihypertensive therapy espe-
cially in the elderly. Recently COX-2 inhibitors
have been shown to significantly affect
prostacyclin production in humans in vivo, there-
fore potentially affecting the antiaggregating and
antihypertensive effect of this potent arachidonic
acid metabolite.

In agreement with this hypothesis, the COX-2
selective inhibitor rofecoxib has been shown to
cause a significant increase in the incidence of
hypertension; nevertheless the results of a large
study on the incidence of adverse affects associ-
ated with the assuption of celecoxib vs NSAIDs
did not show evidence of an increased risk of
hypertension or peripheral edema in subjects
taking this specific COX-2 selective inhibitor.

A significant increase in blood pressure was ob-
served in rats treated for up to three weeks with
an anti-inflammatory dose of celecoxib, either in
normal rats or in rats in which hypertension had
first been induced by addition to the drinking wa-
ter of an inhibitor of NO synthase.

Very different from this was the behaviour of
NCX-4016, the nitro-derivative of aspirin, that
not only did not cause an increase in blood
pressure, but completely reversed the hyper-
tensive effect observed in rats treated with the
NO-synthase inhibitor. It is also important to
note that blood pressure evaluation was per-
formed 20 hours after the last treatment with
NCX-4016, and cannot be referred to the acute
effect of the NO-donor moiety present within the
structure of NCX-4016.

Although an effect of NO-donor compounds
might have been anticipated in a model of NO-
dependent hypertension, NO-NSAIDs proved to
be different from conventional NSAID also in a
model of hypertension not related to a deficit of
NO synthesis; in fact, treatment with naproxen re-
sulted in a significant increase of the hypertensive
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effect of partial renal stenosis in rats, while NO-
naproxen not only did not worsen the hyperten-
sion caused by this procedure, but indeed signifi-
cantly decreased, the blood pressure measured
after one and two weeks of treatment, when com-
pared to untreated. No direct hypotensive effect
of was observed upon i.v. infusion of high doses
of NO-NSAIDs in normotensive animals.
Concerning the use of aspirin for the reduction of
the incidence of myocardial ischemia and stroke,
a therapeutic effect that is not shared by COX-2
inhibitors, NO-aspirin was shown to be approxi-
mately 7-fold more potent that the parent com-
pound in the inhibition of thrombin-induced
human platelet aggregation in vitro. Interestingly
this effect was not associated to an increase in
bleeding time.

GI safety was assessed in experimental animals,
showing that unlike the parent compound, NO-
aspirin did not cause GI damage up to doses of
300 mg/kg. More interestingly it has recently
been reported that the risk of upper GI bleeding
in subjects taking aspirin together with NO-
donor compounds did not differ from control
subjects, and was significantly lower than the risk
observed in both NSAIDs and prophylactic aspi-
rin users (Figure 5).

In conclusion, focusing on pre-existing GI ulcer-
ation and ischemia-reperfusion injury, it has been
possible to collect evidence that COX-2 inhibitors
may not be as safe as in most situations, and that
NO-NSAIDs may differentiate from COX-2 inhi-
bitors. Combination therapy of prophylactic aspi-
rin and anti-inflammatory COX-2 inhibitors has
recently been shown to result in significant GI tox-
icity both in animals and in man. Additional clini-
cal trials are needed to clearly establish the safety
of these compounds.

NO Donors Reduce the Risk of
Upper Gl Bleeds
Odds Ratio
History of GI Bleeding: —4-
History of Ulcers: 4
NSAID Use: B
Prophylactic ASA: 4
Proph. ASA+NO Donors: ¢
NO Donor: 4
10 0 10 20
Increased risk —)

(Figure 5)

@ Evaluation of GI toxicity in experimental
animals shows that gastric damage induced
by NSAIDs requires inhibition of both COX-
1 and COX-2.

@ Selective COX-2 inhibition aggravates gas-
tric ischemia-reperfusion injury, delays ul-
cer healing, and aggravates experimental co-
litis in the rat.

@ Selective COX-2 inhibition increases the se-
verity of GI damage induced by aspirin.

@ NO-NSAIDs compared to their parent com-
pounds neither delay ulcer healing nor ag-
gravate experimental colitis.

@ NO-aspirin is more potent than the parent
compound aspirin in inhibiting thrombin-
induced platelet aggregation “in vitro”, but
does not cause the significant gastric damage
observed with increasing doses of aspirin.

@ NO-donors reduce the risk of upper GI
bleeding associated with the use of NSAIDs.




per year worldwide and represent one of the

main cause of death by cancer in the U.S.,
as well as in Italy. Although the absolute figures
are actually decreasing, population aging may
cause a rebound in the number of deaths, in light
of the fact that over 93% of the cases of
colorectal cancer occur after the age of 50.
Much data has been collected and population-
based studies of different types conducted that in-
dicate that use of aspirin or other NSAIDs leads
to a 50% reduction in mortality, and, in some
studies, risk, of colorectal cancer. Over 35 studies
have indicated the occurrence of such an effect,
specifically in the reduction of adenoma and car-
cinoma incidence as well as cancer-associated
mortality. These activities have been observed
across different cohorts of the general popula-
tion, as well as across different groups of at-risk
subjects, and decreased the risk in both men
and women irrespective of age, left- or right-
sided lesions of the colon, with extraordinarily
consistent results observed in the U.S., Europe,
and Australia.
Results from a clinical trial showed that 150 mg
twice/day Sulindac, a traditional NSAID, regres-

G olorectal cancer causes over 500,000 deaths
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ses size and number of colorectal adenomas in
patients with familial adenomatous polyposis
(FAP), an inherited form of colorectal cancer.
Suspension of treatment after nine months re-
sulted in adenomas growing back to their original
size and number, (Figure 6) suggesting that
NSAID may indeed affect the biology of these
premalignant lesions.

In light of these epidemiological and clinical
research data it was of interest to assess the ex-
pression of the two different isoforms of COX,
namely COX-1 and COX-2, in these tumors.
Previous data on relative COX-1 and COX-2
distribution obtained in normal gastrointestinal
tract showed COX-1 is expressed throughout
the entire GI tract, while COX-2 is almost unde-
tectable in most GI tissues.

Characterization of over 150 individual colorec-
tal adenocarcinomas demonstrated a significant
elevation of COX-2 expression at the mRNA in
85% of the cases, while the same was true in ap-
proximately 50% of over 40 individual adenomas.
Additional studies looking at the protein expres-
sion by immunohistochemistry and immunoblot-
ting showed that in the adenocarcinoma there is
always a 2- to 50-fold increase in COX-2 expres-
sion, while normal mucosa do not show COX-2
expression. Expression of COX-2 mainly takes
place in epithelial cells, but significant expression
may also take place in the stroma, depending on
the age and differentiation of the tumor.

An important question needing to be addressed is
what leads to the increased expression of COX-2
in these tumors and, knowing that RAS mutation
takes place in 60-70% of these tumors, studies
were carried out to determine if transfection of
mutated RAS would induce COX-2 expression.
The results showed that transfection of mutated
RAS gene into nontransformed rat intestinal epi-
thelial cell was able to induce significant expres-
sion of COX-2 both at the mRNA and protein
level, possibly through the induction of a protein
that stabilizes COX-2 mRNA by binding to its
3" untranslated region. Furthermore, other genes
involved in the progression of normal colonic epi-
thelial cell in colorectal cancer, such as SRC, can
also induce COX-2 expression.

It has been shown that human colonic adenocar-
cinoma cell lines such as HCA-7 cells, obtained
from a rectal carcinoma, constitutively express
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COX-2 and synthesize large amounts of
prostaglandins. When these cells were grown as
xenografts in nude mice, selective COX-2 inhibi-
tion dramatically reduced by 80-90% the volume
of the tumor (Figure 7).
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COX-2 gene knockout or selective COX-2 inhibi-
tion showed a significant reduction in the num-
ber and size of the intestinal polyps in Apc-A716
knockout mice, a model of human familial
adenomatous polyposis, providing direct genetic
evidence that COX-2 plays a key role in tumori-
genesis.

Selective expression of COX-2 has also been ob-
served in azoxymethane-induced colonic tumors
in rats, and inhibition of COX-2 resulted in a very
significant reduction in both invasive and nonin-
vasive adenocarcinomas.

Significant inhibition of tumore volume deriving
from Lewis lung carcinoma (LLC) cells im-
planted as isograft into B6 mice, occurred using a
selective COX-2 inhibitor, showing that COX-2
inhibition could result effective in tumor models
different from colorectal cancer. Furthermore,
deletion of the COX-2 gene in the host animals
affected tumor growth more significantly than
use of the COX-2 inhibitor, while deletion of
COX-1 did not cause any effect, underscoring the
key role played by COX-2 in the development of
these very aggressive tumors. Evaluation of vas-
cular density of tumors observed in COX-2 wild-
type and null mice showed that wild type had a
more significantly increased vascularization than
the COX-2 null mice, in agreement with the lit-
erature suggesting an involvement of COX-2 in
angiogenesis.

A key to the interpretation of the effects on tumor

vascular density observed in COX-2 null mice,
was provided by evaluation of the production of
vascular endothelial growth factor (VEGF) by
stromal fibroblasts obtained from wild type,
COX-1, and COX-2 knockout mice: while COX-1
knockouts have a production of VEGF that is
comparable to controls (WT), COX-2 null mice
show very little production of this important
angiogenic factor (Figure 8).
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Furthermore, a selective COX-2 inhibitor (SC-
58125) was able to inhibit the production ob-
served in wild type animals in a concentration-
dependent fashion.

Several reports have shown that expression of
COX-2 in epithelial cells makes them resistant to
apoptosis and enhance their metastatic potential.
Together with the observed effect on angiogen-
esis, these results suggest that COX-2 may be a
relevant target for the prevention and/or the
treatment of cancer, and that appropriate clinical
trials to test this hypothesis should be under-
taken.

Recently, together with enhanced COX-2 expres-
sion, it has been reported that adenocarcinomas
present enhanced expression of peroxisome pro-
liferator activating receptor delta (PPARS). Using
an artificial model where the ligand binding do-
main of PPARS was cloned into a reporter system
in the presence of transfected COX-2 and prosta-
glandin I synthase (the enzyme converting the en-
doperoxide PGH, into prostacyclin), a very sig-
nificant transactivation of PPARS was observed;
conversely, the activation was completely pre-
vented by treatment with a specific COX-2
inhibitor.
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It must be noted that the transactivation ob-
served under these condition was significantly
higher than that observed with specific PPARS
ligands, and may represent evidence that a
prostanoid is the relevant endogenous ligand for
this nuclear hormone receptor.

@ The use of aspirin and other NSAIDs leads
to a 50% reduction in mortality from
colorectal cancer without significant differ-
ences with respect to sex, age, or geography.

@ Expression of COX-2 is significantly elevated
in colorectal adenocarcinomas.

@ COX-2 inhibitors decrease tumor volume
of human colon adenocarcinoma xenografts

in nude mice, colonic tumor incidence
in azoxymethane-treated rats, and tumor
volume in Lewis lung carcinoma isograffts.

@ COX-2 gene knockout or selective COX-2
inhibition, both showed a significant reduc-
tion in the number and size of the intestinal
polyps in Apc-A716 knockout mice, a model
of human familial adenomatous polyposis.

@ COX-2 gene knockout, but not COX-1 gene
knockout, caused significant reduction in tu-
mor volume in Lewis lung carcinoma
isograffts.

@ COX-2 may play a role in tumor vasculari-
zation, as shown by reduced vascular density
in tumors and reduced synthesis of VEGF in
COX-2 knockout mice.

@ COX-2 may be a relevant target for preven-
tion and/or treatment of colorectal cancer.
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ture in the pathogenesis of bone disease. In

osteoporosis, a pathological condition af-
fecting 30% of women and 12% of men, en-
hanced bone resorption leads to loss of bone
mass and fractures. Enhanced bone resorption
causing bone deformity, bone pain, and ultimate-
ly bone fractures, is also observed in Paget's dis-
ease, a different pathology that affects 3% of the
elderly population. The costs associated to these
pathologies are over 600 million dollars per year
in the U.K., as well as in most western countries.
Prostaglandins are likely to play an important
role in the physiologic and pathologic responses
of skeletal tissue. They are potent agonists that
can stimulate bone. In vivo, the major effect of
exogenous prostaglandins, particularly prosta-
glandin E,, is to stimulate resorption and forma-
tion. These effects appear to be mediated at least
in part by cyclic 3', 5'-adenosine monophosphate.
Prostaglandins can inhibit the activity of isolated
osteoclasts, probably also by a cyclic 3', 5'-
adenosine monophosphate-mediated mecha-
nism. Prostaglandin production by bone cells is
regulated by mechanical forces, cytokines, growth
factors, and systemic hormones. Regulation is as-
sociated with marked changes in the "inducible"
prostaglandin G/H synthase COX-2.
Based upon the evidence of the involvement of
prostaglandins (PG) in bone resorption process,
the prophylactic use of NSAIDs may prove to be
beneficial in preventing bone pathologies.
Unfortunately the use of NSAIDs often causes se-
vere GI side effects, as a result of reduced blood
flow in the stomach subsequent to inhibition of
PG synthesis. Evidence showing that NO-
NSAIDs do not cause GI side effects, possibly be-
cause of the vasodilatory effects of NO, suggests
that they may represent a valid alternative to tra-
ditional NSAIDs for the prevention of bone re-
sorption.
Nitric oxide possesses additional activities on
bone metabolism: at low concentrations it may in-
duce bone resorption, but at higher concentra-
tion (>30 nM nitrate over 24 hours, in vitro) it ac-
tually causes effective inhibition of bone resorp-
tion, as indicated by the release of radiolabeled
Ca't* from mouse calvarial organ cultures.
A nitro derivative of flurbiprofen (compound
HCT-1026) has been evaluated in an in vitro
model of osteoblast-osteoclast co-colture assay.
In this model osteoblasts, bone forming cells, are
cultured with a source of osteoclasts, such as
spleen cells, on a dentin slice, and either the
number of osteoclasts or directly bone resorption

B one resorption represents an important fea-

pit formation under reflected light microscopy is
evaluated. Both basal and IL-1pB induced osteo-
clast formation and resorption area were signifi-
cantly inhibited by HCT-1026, while flurbiprofen
had a minor effect only on IL-1p stimulated bone
resorption (Figure 9).

HCT1026 inhibits basal and
IL-1-stimulated bone resorption in vitro
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(Figure 9)

Interestingly, this in vitro effect of HCT-1026 was
not mimicked by co-administration of flurbipro-
fen and SNAP, a specific NO-donor compound,
raising the question if the observed effect on bone
resorption was indeed resulting from NO re-
leased from the nitro group present in the struc-
ture of HCT-1026.

The activity of HCT-1026 in vivo was evaluated in
a model of postmenopausal bone loss induced by
ovariectomy in the mouse, where bone density of
tibia was quantitated by peripheral computer to-
mography. Prostaglandins are believed to play a
role in postmenopausal bone loss because estro-
gen deficiency, which increases bone turnover,
can also increase prostaglandin production in
bone.

In trabecular and cortical bone of sham operated
animals HCT-1026 and flurbiprofen both caused
a minor loss of bone, possibly related to the
effects of prostaglandins on osteoblasts. On the
contrary, in ovariectomized animals HCT-1026,
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but not the parent compound flurbiprofen,
caused a significant reduction of both trabecula
and cortical bone loss (Figure 10).

HCT-1026 may be of therapeutic value in the clin-
ical practice, perhaps in cytokine-induced bone

HCT1026 protects against ovariectomy
induced bone loss in mice
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loss such as that observed in rheumatoid arthri-
tis, or in postmenopausal bone loss.

HCT-1026 has proved to be a very potent inhibi-
tor of osteoclastic activity in vitro, being in molar
terms as potent as biphosphonates. Furthermore
it protects against ovariectomy-induced bone loss
in rodents and most of its effects cannot be
mimicked by co-administration of the parent
NSAID flurbiprofen and a NO-donor compound,
raising the hypothesis that this molecule repre-
sents a novel pharmacophore with very important
effects on osteoclastic activity.

@ Bone disease such as osteoporosis has im-
portant financial and clinical implications
in western countries.

@ The effect of NO on bone resorption depends
on concentration and on the presence of
other local factors.

@ HCT-1026, a nitro derivative of the NSAID
[flurbiprofen, is more potent than the parent
compound as inhibitor of osteoclast forma-
tion induced by IL1S as well as inhibitor of
IL1B-induced bone resorption “in vitro”.

@ HCT-1026, but not flurbiprofen causes
apoptosis in mature rabbit osteoclasts “in
vitro” and protects against ovariectomy-
induced bone loss in mice “in vivo”.

@ HCT-1026 may be of therapeutic value in the
prevention of cytokine-induced and post-

menopausal bone loss.

(Figure 10)



[onclusions

inflammatory effects with reduced GI tox-

icity, while NO-NSAIDs, originally de-
scribed as Gl-sparing anti-inflammatory drugs,
may represent a new class of therapeutic agents
with additional mechanisms of action and signifi-
cantly enhanced efficacy.
Evidence that COX-2 inhibitors, under specific
conditions may not have the same efficacy as tra-
ditional NSAIDs suggests that either COX-1 in
some cases contributes to the production of
hyperalgesic/inflammatory prostaglandins or that
there are COX-independent effects.
Increasing evidence is available that COX-2
inhibitors may be beneficial in the prevention of
colorectal cancer. Similarly, the NO-NSAIDs
seem very promising in this regard. The fact that
a large dose of a COX-2 inhibitor was necessary
to produce a significant reduction of polyps in

U OX-2 inhibitors have proved to exert anti-

Familial Adenomatous Polyposis (FAP) suggests
effects on COX-1 or COX-independent activities
may account for the observed effect.

Addition of the NO-donor group to the amino-
salcylic acid resulted in a tremendously increased
anti-inflammatory efficacy in inflammatory bow-
el disease; similarly NO-acetaminophen proved
to have enhanced analgesic activity, reduction
of hepatic toxicity, and additional anti-
inflammatory activity not present in the parent
compound.

All the contributions of the symposium have
raised important questions that need to be
addressed by appropriate clinical trials, in order
to clearly assess the safety and the efficacy of
cyclooxygenase-2 inhibitors and NO-NSAIDs for
their use in inflammation, cancer, as well as addi-
tional potential therapeutic uses.

13



14

REFERENGES

Baron JA, Sandler SR. Nonsteroidal anti-inflammatory drugs and cancer prevention. Annual Review of
Medicine 2000; 51: 511-23

Bombardier C, Laine L, Reicin A, Shapiro D, Burgos-Vargas R, Davis B, Day R, Bosi Ferraz M,
Hawkey CJ, Hochberg MC, Kvien TK, Schnitzer TJ for the VIGOR Study Group. Comparison of up-
per gastrointestinal toxicity of rofecoxib and naproxen in patients with rheumatoid arthritis. New
England Journal of Medicine 2000; 343: 1520-8

Chrischilles EA, Wallace RB. Nonsteroidal anti-inflammatory drugs and blood pressure in an elderly
population. Journal of Gerontology 1993; 48(3): M91-6

Dimmeler S, Haendeler J, Nehls M, Zeiher AM. Suppression of apoptosis by nitric oxide via inhibition
of interleukin-1B-converting enzyme (ICE)-like and cysteine protease protein (CPP)-32-like proteases.
Journal of Experimental Medicine 1997; 185(4): 601-07

Eberhart CE, Coffey RJ, Radhika A, Giardiello FM, Ferrenbach S, DuBois RN. Up-regulation of
cyclooxygenase-2 gene expression in human colorectal adenomas and adenocarcinomas.
Gastroenterology 1994; 107(4): 1183-8

Evett GE, Xie W, Chipman JG, Robertson DL, Simmons DL. Prostaglandin G/H synthase isoenzyme-2
expression in fibroblasts: regulation by dexamethasone, mitogens, and oncogenes. Archives of Bio-
chemistry & Biophysics 1993; 306(1): 169-77

Fenyk-Melody JE, Garrison AE, Brunnert SR, Weidner JR, Shen E Shelton BA, Mudgett JS. Experi-
mental autoimmune encephalomyelitis is exacerbated in mice lacking the NOS2 gene. Journal of Immu-
nology 1998; 160(6): 2940-6

Fiorucci S, Santucci L, Antonelli E, Distrutti E, Del Sero G, Morelli O, Romani L, Federici B, Del
Soldato P, Morelli A. NO-aspirin protects from T cell-mediated liver injury by inhibiting caspase-
dependent processing of Th1-like cytokines. Gastroenterology 2000 Feb; 118(2): 404-21

Fiorucci S, Santucci L, Cirino G, Mencarelli A, Familiari L, Soldato PD, Morelli A. IL-1beta converting
enzyme is a target for nitric oxide-releasing aspirin: new insights in the anti-inflammatory mechanism
of nitric oxide-releasing nonsteroidal anti-inflammatory drugs. Journal of Immunology 2000 Nov 1;
165(9): 5245-54

Fries JP, Miller SR, Spitz PW. Towards an epidemiology of gastropathy associated with nonsteroidal
anti-inflammatory drug use. Gastroenterology 1989; 96: 647-55

Gerli R, Paolucci C, Gresele P, Bistoni O, Fiorucci S, Muscat C, Belia S, Bertotto A, Costantini V.
Salicylates inhibit adhesion and transmigration of T lymphocytes by preventing integrin activation
induced by contact with endothelial cells. Blood 1998; 92(7): 2389-98

Guslandi M. Nitric oxide and inflammatory bowel diseases. European Journal of Clinical Investigation
1998; 28(11): 904-7

Hayward MA, Howard GA, Neuman RG, Wood DD, Weichman BM, Van Sickle DC. Prostaglandins
in inflammatory bone pathology: mechanism and therapeutic benefit of etodolac. Agents & Actions 1989;
26(3-4): 310-8

Kargman S, Charleson S, Cartwright M, Frank J, Riendeau D, Mancini J, Evans J, O’Neill G. Charac-
terization of prostaglandin G/H synthase 1 and 2 in rat, dog, monkey, and human gastrointestinal
tracts. Gastroenterology 1996; 111(2): 445-54

Kawaguchi H, Pilbeam CC, Harrison JR, Raisz LG. The role of prostaglandins in the regulation of
bone metabolism. Clinical Orthopaedics & Related Research 1995; (313): 36-46

Keller JJ, Offerhaus GJ, Polak M, Goodman SN, Zahurak ML, Hylind LM, Hamilton SR, Giardiello
FM. Rectal epithelial apoptosis in familial adenomatous polyposis patients treated with sulindac. Gut
1999; 45(6): 822-8

Kim YM, Talanian RV, Li J, Billiar TR. Nitric oxide prevents IL-1 and IFN-y-inducing factor (IL-18)
release from macrophages by inhibiting caspase-1 (IL-1f3-converting enzyme). Journal of Immunology
1998; 161(8): 4122-8

Kolb H, Kolb-Bachofen V. Nitric oxide in autoimmune disease: cytotoxic or regulatory mediator? /mmu-
nology Today 1998; 19(12): 556-61



REFERENCES

Kopp E, Ghosh S. Inhibition of NF-kappa B by sodium salicylate and aspirin. Science 1994; 265(5174):
956-9

Lanas A, Bajador E, Serrano P, Fuentes J, Carreno S, Guardia J, Sanz M, Montoro M, Sainz R. Nitro-
vasodilators, low-dose aspirin, other nonsteroidal anti-inflammatory drugs, and the risk of upper
gastrointestinal bleeding. New England Journal of Medicine 2000 Sep 21; 343(12): 834-9

Langenbach R, Morham SG, Tiano HF, Loftin CD, Ghanayem BI, Chulada PC, Mahler JE, Lee CA,
Goulding EH, Kluckman KD, et al. Prostaglandin synthase-1 gene disruption in mice reduces
arachidonic acid-induced inflammation and indomethacin-induced gastric ulceration. Cell 1995; 83:
483-92

Li P, Allen H, Banerjee S, Franklin S, Herzog L, Johnston C, McDowell J, Paskind M, Rodman L,
Salfeld J, et al. Mice deficient in IL-13-converting enzyme are defective in production of mature IL-1B
and resistant to endotoxic shock. Cell 1995; 80(3): 401-11

Mannick JB, Hausladen A, Liu L, Hess DT, Zeng M, Miao QX, Kane LS, Gow AJ, Stamler JS. Fas-
induced caspase denitrosylation. Science 1999; 284(5414): 651-4

Maricic N, Ehrlich K, Gretzer B, Schuligoi R, Respondek M, Peskar BM. Selective cyclooxygenase-2
inhibitors aggravate ischaemia-perfusion injury in the rat stomach. British Journal of Pharmacology
1999; 128(8): 1659-66

Masferrer JL, Leahy KM, Koki AT, Zweifel BS, Settle SL, Woerner BM, Edwards DA, Flickinger AG,
Moore RJ, Seibet K. Antiangiogenic and antitumor activities of cyclooxygenase-2 inhibitors. Cancer
Research 2000; 60(5): 1306-11

McAdam BE, Catella-Lawson E, Mardini IA, Kapoor S, Lawson JA, FizGerald GA. Systemic biosynthe-
sis of prostacyclin by cyclooxygenase(COX)-2: the human pharmacology of a selective inhibitor of
COX-2. Proceedings of the National Academy of Sciences of the United States of America 1999; 96(1): 272-7

McCartney SA, Mitchell JA, Fairclough PD, Farthing MJ, Warner TD. Selective COX-2 inhibitors and
human inflammatory bowel disease. Alimentary Pharmacology & Therapeutics 1999; 13(8): 1115-7

Mizuno H, Sakamoto C, Matsuda K, Wada K, Uchida T, Noguchi H, Akamatsu T, Kasuga M. Induction
of cyclooxygenase-2 in gastric mucosal lesions and its inhibition by the specific antagonist delay
healing in mice. Gastroenterology 1997; 112(2): 387-97

Mohammed SI, Knapp DW, Bostwick DG, Foster RS, Khan KN, Masferrer JL, Woerner BM, Snyder
PW, Koki AT. Expression of cyclooxygenase-2 (COX-2) in human invasive transitional cell carcinoma
(TCC) of the urinary bladder. Cancer Research 1999; 59(22): 5647-50

Morteau O, Morham SG, Sellon R, Dieleman LA, Langenbach R, Smithies O, Sartor RB. Impaired
mucosal defense to acute colonic injury in mice lacking cyclooxygenase-1 or cyclooxygenase-2. Journal
of Clinical Investigation 2000; 105(4): 469-78

Muscara MN, Lovren F, Triggle CR, Cirino G, Wallace JL. Anti-hypertensive properties of a nitric
oxide-releasing naproxen derivate in 2-kidney, 1-clip rats. American Journal of Physiology 2000; 279:
H528-H535

Muscara MN, Vergnolle N, Lovren F, Triggle CR, Elliott SN, Asfaha S, Wallace JL. Selective
cyclooxygenase-2 inhibition with celecoxib elevetes blood pressure and promotyes leukocyte adherence.
British Journal of Pharmacology 2000; 129(7): 1423-30

Oshima M, Dinchuk JE, Kargman SL, Oshima H, Hancock B, Kwong E, Trzaskos JM, Evans JF, Taketo
MM. Suppression of intestinal polyposis in Apc A716 knockout mice by inhibition of cyclooxygenase-2
(COX-2). Cell 1996; 87(5): 803-9

Paulus HE. FDA arthritis advisory committee meeting: Risks of agranulocytosis/aplastic anemia, flank
pain, and adverse gastrointestinal effects with the use of nonsteroidal anti-inflammatory drugs.
Arthritis & Rheumatism 1987; 30(5): 593-5

Paulus HE. FDA arthritis advisory committee meeting: Serious gastrointestinal toxicity of nonsteroidal
anti-inflammatory drugs; drug-containing renal and biliary stones; diclofenac and carprofen ap-
proved. Arthritis & Rheumatism 1988; 31: 1450-1

Reddy BS, Hirose Y, Lubet R, Steele V, Kelloff G, Paulson S, Seibert K, Rao CV. Chemoprevention of
colon cancer by specific cyclooxygenase-2 inhibitor, celecoxib, administered during different stages of
carcinogenesis. Cancer Research 2000; 60(2): 293-7

10



16

REFERENCES

Reuter BK, Asfaha S, Buret A, Sharkey KA, Wallace JL. Exacerbation of inflammation-associated
colonic injury in rat through inhibition of cyclooxygenase-2. Journal of Clinical Investigation 1996; 98:
2076-85

Robert A. Antisecretory, antiulcer, cytoprotective and diarrheogenic properties of prostaglandins.
Advances in Prostaglandin & Thromboxane Research 1976; 2: 507-20

Saha N, Moldovan F, Tardif G, Pelletier JP, Cloutier JM, Martel-Pelletier J. Interleukin-1B-converting
enzyme/caspase-1 in human osteoarthritic tissues: localization and role in the maturation of
interleukin-1f and interleukin-18. Arthritis & Rheumatism 1999; 42(8): 1577-87

Sheng GG, Shao J, Sheng H, Hooton EB, Isakson PC, Morrow JD, Coffey RJ Jr, DuBois RN,
Beauchamp RD. A selective cyclooxygenase-2 inhibitor suppresses the growth of H-ras-transformed
rat intestinal epithelial cells. Gastroenterology 1997a; 113(6): 1883-91

Sheng H, Shao J, Dixon DA, Williams CS, Prescott SM, DuBois RN, Beauchamp RD. Transforming
growth factor-f 1 enhances Ha-ras-induced expression of cyclooxygenase-2 in intestinal epithelial cells
via stabilization of mRNA. Journal of Biological Chemistry 2000; 275(9): 6628-35

Sheng H, Shao J, Kirkland SC, Isakson P, Coffey RJ, Morrow J, Beauchamp RD, DuBois RN. Inhibi-
tion of human colon cancer cell growth by selective inhibition of cyclooxygenase-2. Journal of Clinical
Investigation 1997b; 99(9): 2254-9

Sheng H, Shao J, Morrow JD, Beauchamp RD, DuBois RN. Modulation of apoptosis and Bcl-2 expres-
sion by prostaglandin E2 in human colon cancer cells. Cancer Research 1998; 58(2) 362-6

Smalley W, Ray WA, Daugherty J, Griffin MR. Use of nonsteroidal anti-inflammatory drugs and inci-
dence of colorectal cancer: a population-based study. Archives of Internal Medicine 1999; 159(2): 161-6

Smith CJ, Zhang Y, Koboldt CM, Muhammad J, Zweifel BS, Shaffer A, Talley JJ, Masferrer JL, Seibert
K, Isakson PC. Pharmacological analysis of cyclooxygenase-1 in inflammation. Proceedings of the
National Academy of Sciences of the United States of America 1998; 95: 13313-8

Traynor TR, Smart A, Briggs JP, Schnermann J. Inhibition of macula densa-stimulated renin secretion
by pharmacological blockade of cyclooxygenase-2. American Journal of Physiology 1999; 277(5 Pt 2):
F706-10

Wallace JL, Bak A, McKnight W, Asfaha S, Sharkey KA, MacNaughton WK. Cyclooxygenase-1 con-
tributes to inflammatory responses in rats and mice: implications for GI toxicity. Gastroenterology 1998;
115: 101-109

Wallace JL, Chapman K, McKnight W. Limited anti-inflammatory efficacy of cyclo-oxygenase-2 inhibi-
tion in carrageenan-airpouch inflammation. British Journal of Pharmacology 1999; 126(5): 1200-4

Wallace JL, McKnight W, Reuter BK, Vergnolle N. NSAID-induced gastric damage in the rat: require-
ment for inhibition of both cyclooxygenase-1 and -2. Gastroenterology 2000; 119: 706-714

Wallace JL, Miller MJS. Nitric oxide and mucosal defence: a little goes a long way. Gastroenterology
20005 119: 512-520

Wallace JL, Reuter B, Cicala C, McKnight W, Grisham MB, Cirino G. Novel nonsteroidal anti-
inflammatory drug derivatives with markedly reduced ulcerogenic properties in the rat.
Gastroenterology 1994; 107(1): 173-9

Wallace JL, Vergnolle N, Muscara MN, Asfaha S, Chapman K, McKnight W, Del Soldato P, Morelli A,
Fiorucci S. Enhanced anti-inflammatory effects of a nitric oxide-releasing derivative of mesalamine in
rats. Gastroenterology 1999; 117: 557-566

Weber C, Erl W, Pietsch A, Weber PC. Aspirin inhibits nuclear factor-kappa B mobilization and
monocyte adhesion in stimulated human endothelial cells. Circulation 1995; 91(7): 1914-7



PUBLISHER

[=

Fondazione Giovanni Lorenzini
Medical Science Foundation
Via A. Appiani, 7

20121 Milan, ITtaly

Phone: (+39) 02 29006267

Telefax: (+39) 02 29007018

E-mail: lorenzfo@icil64.cilea.it

Home page: http://www.lorenzinifoundation.org

All Rights Reserved
No part of this material may be reproduced or utilized in any form or by any means, without written permission from the Publisher.

Editorial consent: Although great care has been taken in compiling and checking the information given in this publication to ensure that it is accurate,
the publisher shall not be held responsible for the continued currency of the information or any errors, omissions or inaccuracies in this publication.



ISBN 88-86501-31-5

N

Provided as a service to the international medical profession by NicOx



