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Cytotoxic necrotizing factor 1 (CNF) is a toxin produced by some isolates of Escherichia coli that cause
extraintestinal infections. CNF can initiate signaling pathways that are mediated by the Rho family of small
GTPases through a covalent modification that results in constitutive activation. In addition to regulating the
assembly of actin stress fibers and focal adhesion complexes, RhoA can also regulate gene expression at the
level of transcription. Here we demonstrate for the first time, by using a luciferase-based reporter system, that
the transcription of cyclooxygenase-2 (COX-2) is strongly upregulated in NIH 3T3 fibroblasts treated with CNF
and that this effect is dependent upon the activation of RhoA by the toxin. Subsequent protein tyrosine
phosphorylation events modulate the induction, but the transcription signal is not mediated by Rho-associated
kinase (p160/ROCK) and so must rely upon another effector that is activated by RhoA. CNF therefore induces
COX-2 expression via a RhoA-dependent signaling pathway that diverges from the pathway that regulates
cytoskeletal rearrangements in response to RhoA activation.

Escherichia coli cytotoxic necrotizing factor 1 (CNF) co-
valently modifies members of the Rho subfamily of the Ras
small GTPases and so brings about their constitutive activation
(13, 15, 27, 28, 41, 49, 50). RhoA, Rac1, and Cdc42 are the Rho
proteins that have been most extensively studied, and each of
these proteins has pivotal roles in regulating signal transduc-
tion pathways. The active, GTP-bound forms of the Rho pro-
teins interact with protein effectors that modulate many as-
pects of cellular behavior, particularly the organization of the
actin cytoskeleton (16, 42, 43, 44, 57).

CNF action stimulates striking actin rearrangements, the
induction of DNA synthesis in quiescent cells, and a block in
cytokinesis (5, 9). The signaling mechanisms that link activa-
tion of the Rho proteins to these events are not entirely clear.
Through its action on Rho, CNF is known to induce the ty-
rosine phosphorylation of focal adhesion complex proteins that
result in actin stress fiber formation (25). We have recently
demonstrated that CNF action promotes focal adhesion kinase
(FAK) autophosphorylation and src-FAK association, which
results in a complex in which potentially both kinases are active
(54). It is likely that other signaling pathways are also per-
turbed by activation of the Rho proteins. Recently, it has been
shown that activation of Rho via receptors that couple to the
heterotrimeric G protein, G13, induces expression of the cy-
clooxygenase-2 (COX-2) gene (52).

The two isoforms of cyclooxygenase (COX-1 and COX-2)
catalyze the rate-limiting step in the production of prostaglan-
dins and other eicosinoids from membrane arachidonic acid
(11, 29). Prostaglandins are lipid signaling molecules that par-
ticipate in physiological processes as diverse as the mainte-

nance of vascular integrity, pain transmission, inflammation,
and bone remodeling (10, 22). COX-1 has a role in cellular
homeostasis and is constitutively expressed in many tissues
(40). COX-2 is inducibly expressed in response to inflamma-
tory cytokines, lipopolysaccharide, mitogens, and reactive ox-
ygen intermediates (58). The expression of COX-2 at abnor-
mally high levels has been detected in cancers of the lung,
breast, gallbladder, prostate, and stomach (17–19, 32, 46, 53).
The association between COX-2 overexpression and tumor
progression has, however, been established most effectively in
colorectal cancers (48).

The induction of COX-2 gene expression in NIH 3T3 cells
can be stimulated by several intracellular signaling pathways.
Platelet-derived growth factor, serum, and v-src each activate
COX-2 via Ras/Rac1/MEKK-1-mediated activation of the c-
Jun NH2-terminal kinase (JunK) and also extracellular signal-
related kinase (ERK) pathways (59, 60, 61). The JunK and
ERK signals, together with cyclic AMP-mediated signals, con-
verge on the ATF/CRE region within the COX-2 promoter
(61). Some G protein-coupled receptors induce COX-2 expres-
sion through the activation of protein kinase C (PKC) (63).
The induction of COX-2 expression by G�a13-linked receptors
involves the activation of the RhoA small GTPase but follows
a pathway independent of actin stress fiber assembly and PKC
activation (52).

In this study we investigated whether CNF was able to in-
duce COX-2 gene expression. Here we demonstrate for the
first time that CNF induces COX-2 expression through a
RhoA-dependent pathway that was not dependent on the ac-
tivation of Rho-associated kinase (p160/ROCK).

MATERIALS AND METHODS

Cell culture and transfection. NIH 3T3 cells were obtained from the American
Type Culture Collection (Rockville, Md.) and were maintained in Dulbecco
modified Eagle medium (DMEM; Sigma-Aldrich, Poole, United Kingdom) sup-
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plemented with 10% fetal bovine serum in a humidified atmosphere containing
10% CO2 at 37°C. For experimental purposes, the cells were plated onto 35-mm
six-well culture plates at a density of 105 cells per well. The next day, transfections
were performed in triplicate by using the Lipofectamine (�) system (Life Tech-
nologies, Paisley, United Kingdom) according to the manufacturer’s directions.
Briefly, 1 �g of DNA was combined with 100 �l of Optimem medium (Life
Technologies) and 3 �l of Plus reagent. Lipofectamine (6 �l) was combined with
100 �l of Optimem medium and added dropwise to the DNA-Plus reagent
suspension. After 15 min, each transfection mix was diluted with 1.8 ml of
Optimem medium and put onto the cells. After 6 h, the transfection medium was
replaced with DMEM without serum, and the cells were incubated for 18 h. The
cells were subjected to the treatments described and then harvested and assayed
for luciferase activity.

Northern blotting. NIH 3T3 cells were seeded in T75 tissue cultures at a
density of 106 cells per flask. Once 60 to 80% confluency had been reached, the
cells were made quiescent by serum depletion for 36 h. The cells were treated
with lysates from recombinant E. coli that either expressed CNF or harbored
pBluescript. The lysates were diluted in serum-free DMEM at 1 �g/ml and added
to the cells for 8 h. The cells were trypsinized and harvested. Poly(A�) RNA
extraction and Northern blot analyses were carried out as described previously
(56). Each blot contained 5 �g per lane of poly(A�) RNA. Probes were labeled
with [32P]dCTP (NEN, Boston, Mass.) to a high specific activity by using Ready-
To-Go oligonucleotide-labeling beads and purified by using ProbeQuant G-50
microcolumns (Amersham Pharmacia, St. Albans, United Kingdom). COX-2
mRNA was detected by using a specific 2.2-kb cDNA probe (obtained from H. R.
Herschman, University of California at Los Angeles School of Medicine). After
the COX-2 probe was stripped from the blot, it was reprobed with a 1-kb
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)-specific cDNA probe
(obtained from A. E. Grigoriadis, Department of Craniofacial Development,
King’s College, London, United Kingdom) as a control to demonstrate equal
loading of mRNA.

Luciferase assay. Luciferase activity was measured using the luciferase assay
system (Promega, Southampton, United Kingdom) according to the manufac-
turer’s directions. Briefly, the cells in each well were washed twice in phosphate-
buffered saline (PBS) and then lysed in 500 �l of luciferase lysis buffer. After
lysis, insoluble material was removed by centrifugation, and 20 �l of each lysate
was combined with 90 �l of luciferase assay reagent. The light produced by each
assay reaction was measured by using a Turner TD20/20 luminometer. The
values obtained were standardized for protein concentration by using the bicin-
choninic acid-protein assay system (Pierce-Warriner, Chester, United Kingdom).
The data presented here represent typical experiments in which each treatment
was performed in triplicate and repeated at least twice. The histograms show the
mean of a single experiment � standard error where a fold induction above the
background level of luciferase production for untreated cells has been calculated.

Preparation of bacterial toxins. E. coli strain pISS392 harboring pGEM3
plasmid expressing CNF (12) and E. coli XL1-Blue harboring pBluescript SK(�)
plasmid were grown overnight from a fresh colony (25). The bacteria were
harvested by centrifugation and then lysed by ultrasonication in PBS containing
lysozyme and protease inhibitors. The lysate was treated with DNase and RNase
at 10 �g/ml, cleared by centrifugation, and passed through a 0.2-�m-pore-size
nitrocellulose filter.

Actin stress fiber staining. Quiescent NIH 3T3 cells in chamber slides were
treated with bacterial lysates diluted in DMEM from E. coli expressing CNF or
harboring pBluescript for 12 h at 37°C. For the inhibitor experiments, the cells
were incubated in DMEM containing the ROCK inhibitors HA1077 or Y-27632
at a final concentration of 10 �M, cytochalasin D at a final concentration of 2
�M, or genistein at a final concentration of 1, 10, or 50 �M for 1 h prior to the
addition of the lysates. The degree of polymerization of the actin cytoskeleton in
the treated cells was visualized by using phalloidin conjugated to rhodamine 16 h
after the addition of the toxin. The cells were washed in PBS, fixed in 3.7%
paraformaldehyde in PBS, and permeabilized in 0.5% Triton X-100–4% poly-
ethylene glycol–1 mM EGTA in 100 mM PIPES [piperazine-N,N�-bis(2-ethane-
sulfonic acid); pH 6.9]. The cells were blocked in 1% bovine serum albumin–100
mM glycine and stained with phalloidin-rhodamine (Sigma-Aldrich) at 0.5 �g/ml
in PBS for 30 min. The cells were washed three times in PBS and mounted in
Vectashield antifading reagent (Vector Laboratories, Burlingame, Calif.), and
fluorescence was visualized by using an Olympus BH2 fluorescence microscope.

Expression vectors. The induction of COX-2 gene expression was analyzed by
using the reporter plasmid pTIS-10s, which carries the luciferase cDNA under
the control of the murine COX-2 promoter (52). The plasmids pEF-lacZ and
pEF-C3 were a gift from R. Treisman (Imperial Cancer Research Fund, London,
United Kingdom).

Agonists and inhibitors. Forskolin, cytochalasin D, and genistein were from
Sigma-Aldrich. HA1077 was from Calbiochem-Novabiochem Corp., Notting-
ham, United Kingdom. Y27632 was a gift from Welfide Corporation, Osaka,
Japan.

RESULTS

COX-2 induction by CNF. Previous studies have demon-
strated that the induction of COX-2 gene transcription by
agonists that activate G �13 is mediated by a RhoA-dependent
signaling pathway (52). In addition, work from our laboratories
has shown that CNF activates RhoA, resulting in cytoskeletal
remodeling and focal adhesion formation (25). We tested
whether the treatment of quiescent NIH 3T3 cells with CNF
would lead to elevated levels of COX-2 expression. Northern
blot analysis showed that transcription of the COX-2 gene was
induced to a detectable level at 8 h after toxin treatment (Fig.
1A). We further analyzed the induction of COX-2 by CNF by
using a luciferase-based reporter construct transfected into
NIH 3T3 cells prior to toxin treatment (52). We found that a
lysate from recombinant E. coli expressing CNF did induce the
expression of COX-2, with the level of expression increasing
sharply over 12 h after toxin treatment (Fig. 1B) and continu-
ing to increase for at least 24 h (data not shown). The level of
induction achieved was typically equivalent to 10 or 20 times
that observed for cells not treated with toxin, and a 30-fold
induction above background levels of transcription was also
occasionally observed. A high concentration of a control E. coli
lysate without CNF also slightly stimulated COX-2 expression,
but this only reached one-tenth the level of induction observed
for CNF at 12 h (Fig. 1B). The slight induction observed for
the control was possibly due to nonspecific interactions be-
tween receptors in the fibroblast cell membranes and lipids
present in the bacterial lysates.

Transcriptional activation of COX-2 by CNF is RhoA de-
pendent. To determine which of the Rho family proteins acti-
vated by CNF is involved in the induction of COX-2 expres-
sion, we cotransfected cells with the COX-2 luciferase reporter
construct and with a plasmid expressing Clostridium botulinum
C3 toxin. C3 toxin ADP-ribosylates and inactivates RhoA, -B,
and -C proteins, thus blocking the signaling pathways that are
downstream of these proteins but not affecting the other
small GTPases that can be activated by CNF. We found that
C3 toxin effectively blocked the CNF induction of COX-2 (Fig.
2), and we conclude that the toxin induces COX-2 transcrip-
tion through its action on Rho and not by its constitutive
activation of Rac1 or cdc42.

Inhibition of COX-2 induction by cytochalasin D. The for-
mation of actin stress fibers and the assembly of the focal
adhesion complex are the most obvious effects of Rho activa-
tion in quiescent fibroblasts. The induction of COX-2 expres-
sion by constitutively active G�13 is not affected by cytochalasin
D, an inhibitor that disrupts the actin cytoskeleton (52). Cy-
tochalasin D is known to inhibit the actin stress fiber formation
and tyrosine phosphorylation of FAK and paxillin induced by
CNF treatment of Swiss 3T3 fibroblasts (25). To examine
whether the polymerization of the actin cytoskeleton was a
prerequisite for the induction of COX-2 transcription in NIH
3T3 fibroblasts by CNF, we treated the cells with cytochalasin
D before adding the toxin. Under the experimental conditions
used here there was considerable disruption of the actin cy-
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toskeleton and, consequently, cell morphology by cytochalasin
D in cells not treated with CNF. Furthermore, stress fibers did
not develop in cells after toxin treatment (Fig. 3A). Even
though cytochalasin D effectively disrupted the actin cytoskel-
eton, there was no effect on the levels of COX-2 transcription
induced by forskolin. Forskolin is an agonist that induces
COX-2 expression via a cyclic AMP-dependent pathway, which
is independent of Rho and the pathway stimulated by CNF.
The induction of COX-2 transcription by CNF was, however,
attenuated by pretreatment with cytochalasin D (Fig. 3B). This
may be due to the involvement of actin polymerization in the
signal transduction process or to the need for cytoskeletal
reorganization in order to permit toxin entry into the cells or
trafficking after internalization. The entry of ricin toxin into
differentiated HT-29 cells requires actin polymerization that
can be blocked by cytochalasin D (8), while the entry of per-

tussis toxin into Chinese hamster ovary cells appears to rely
upon cytochalasin D-independent receptor-mediated endocy-
tosis (62).

The induction of COX-2 transcription by CNF is indepen-
dent of p160/ROCK. Activated RhoA in its GTP-bound form
interacts with several protein effectors, including a number of
protein kinases that are responsible for initiating different sig-
naling pathways downstream of Rho. The activation of p160/
ROCK by Rho leads to the formation of actin stress fibers
through the phosphorylation of myosin light chain (3). Rho
covalently modified by DNT, a toxin with a similar activity to
CNF, interacts with p160/ROCK in a similar way to Rho that
has been activated by conventional signaling processes (34).
Inhibitors of p160/ROCK block the phosphorylation of myosin
light chain phosphatase and LIM kinase, which are required
for the RhoA-mediated formation of actin stress fibers (33,
39). The treatment of quiescent NIH 3T3 cells with two struc-
turally unrelated inhibitors of p160/ROCK (HA1077 and
Y27632) blocked the induction of stress fiber formation by
CNF in those cells (Fig. 3A). However, when we examined the
effects of these inhibitors on COX-2 expression, neither inhib-
itor blocked the induction of COX-2 transcription by CNF or
forskolin (Fig. 3C and D). Thus, the Rho-dependent transcrip-
tional activation of COX-2 by CNF does not depend upon
activation of p160/ROCK and probably depends upon another
protein kinase that can be activated by GTP bound or consti-
tutively active Rho. Since p160/ROCK is responsible for stress
fiber formation but is not needed for COX-2 induction by
CNF, this would suggest that actin rearrangement blocked by
cytochalasin D is not required in the actual signaling process.
The inhibition of COX-2 induction by cytochalasin D, there-
fore, probably results from the inhibition of physical processes
that depend upon the cytoskeleton. Endocytosis is required for
toxin entry into the cell; proteolytic processing of the toxin may
require endosome-lysosome fusion, or an actin-dependent

FIG. 1. CNF induces COX-2 gene transcription. (A) Northern blot
of RNA extracted from NIH 3T3 cells either treated with lysates from
E. coli expressing CNF (CNF) or harboring pBluescript (pBS) for 8 h
or left untreated (Un). The blot was sequentially hybridized with spe-
cific [32P]dATP-labeled cDNA probes to demonstrate COX-2 and
GAPDH gene expression. (B) Cells transfected with 1 �g of a COX-2
promoter-luciferase reporter construct were serum starved overnight
and then treated with lysates from E. coli expressing CNF (f) or
harboring pBluescript (Œ) at a final concentration of 1 �g/ml in serum-
free DMEM. Samples were collected at 3-h intervals after the lysates
were added and then assayed for luciferase production.

FIG. 2. The induction of COX-2 transcription by CNF is Rho de-
pendent. NIH 3T3 cells were cotransfected with 1 �g of a COX-2
promoter-luciferase reporter construct and 0.1 �g of a pCDNA3 con-
struct expressing either LacZ or C. botulinum C3 toxin. The cells were
serum starved overnight and then treated with lysates from E. coli
expressing CNF (CNF) or harboring pBluescript (pBS) at a final con-
centration of 1 �g/ml in serum-free DMEM or left untreated (Un).
The cells were harvested 8 h after treatment and assayed for luciferase
activity.
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FIG. 3. The induction of COX-2 transcription by CNF is independent of p160/ROCK. (A) Rhodamine-phalloidin actin staining of NIH 3T3
cells pretreated with cytochalasin D (Cyt) at 2 �M or with the p160/ROCK inhibitors HA1077 (H) or Y27632 (Y) at 10 �M for 1 h prior to
treatment with CNF (�) or left untreated (�). (B) NIH 3T3 cells were pretreated with 2 �M cytochalasin D (Cyto D) for 1 h (�) or left untreated
(�). Lysates from E. coli expressing CNF or harboring pBluescript (pBS) at a final concentration of 1 �g/ml, or forskolin (Fors) at a final
concentration of 10 �M in serum-free DMEM was then added. The cells were harvested 8 h after treatment and assayed for luciferase activity.
This experiment was similarly performed for the p160/ROCK inhibitors HA1077 (C) and Y27632 (D), each at a final concentration of 10 �M.
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translocation process may be required to bring the toxin into
contact with its substrate at the cell membrane.

The induction of COX-2 transcription by CNF is affected by
tyrosine phosphorylation. To investigate whether tyrosine ki-
nase activity was needed for the induction of COX-2 expres-
sion by CNF, cells transfected with the COX-2 reporter con-
struct were incubated with genistein for 1 h at different
concentrations prior to toxin treatment. Genistein is a nonspe-
cific inhibitor of tyrosine kinase activity. There was a slight
reduction in COX-2 transcription at a genistein concentration
of 50 �M (Fig. 4A), and at this concentration there was also
inhibition of actin stress fiber formation (Fig. 4B). At lower
concentrations that did not completely block stress fiber for-
mation, there was an enhancement of the levels of COX-2
induction by CNF. Since genistein alone did not induce COX-2
expression, we conclude that a tyrosine phosphorylation event
was involved in a negative feedback control pathway to down-
regulate the COX-2 expression stimulated by CNF.

DISCUSSION

The Rho proteins are targets for several bacterial toxins.
Such toxins have proved to be extremely useful tools with
which to analyze signaling pathways that are regulated by the
small GTPases (1, 7, 21). It was previously shown that CNF
treatment of Swiss 3T3 cells activated Rho family proteins,
which induced the tyrosine phosphorylation of FAK and pax-
illin (25). As a result, focal adhesions are formed on the cell
surface and cytoskeletal actin becomes reorganized into stress
fibers. We have recently shown that the stimulation of actin
stress fiber formation in Swiss 3T3 fibroblasts treated with
CNF is via members of the p160/ROCK kinase family and that
the autophosphorylation of FAK in such cells leads to stable
FAK-src association (54). It is known that in its active, GTP-
bound form or after covalent modification by CNF, Rho binds
to and activates p160/ROCK (20, 34). This serine-threonine
kinase is also involved in the regulation of serum response
factor and NF-�B-dependent mRNA transcription, suggesting
that CNF is likely to affect gene expression in toxin-sensitive
cells. Here we demonstrate for the first time that CNF treat-
ment of NIH 3T3 cells leads to activation of the COX-2 gene
and that this activation is mediated through a Rho-dependent
pathway.

We found that COX-2 induction by CNF was suppressed by
C. botulinum C3 toxin mediated inactivation of RhoA, but not
by either Y27632 or HA1077, which are chemical inhibitors of
p160/ROCK. It has previously been shown that the induction
of COX-2 by constitutively active G�13 is also mediated by
RhoA and is inhibited by C3 toxin but is independent of stress
fiber formation (52). CNF also activates JunK in HeLa cells
through its modification of the Rho proteins, cdc42 and Rac1
(28). The transcriptional activation of COX-2 by v-src can
occur through a c-JunK-dependent pathway (59). However,
such a pathway does not require Rho and so would not be
sensitive to C3 toxin.

CNF-1 is most often expressed by uropathogenic E. coli
(UPEC) strains that cause cystitis, pyelonephritis, and partic-
ularly prostatitis (4, 36). The murine model for UPEC infec-
tion has demonstrated that significant numbers of bacteria can
be detected in the bladder 6 weeks after challenge and that the

UPEC multiplies inside cells of the bladder epithelium (38).
The role of CNF in the disease process is unclear, although
mutation of the toxin gene resulted in less-extensive inflam-
mation and greater susceptibility to neutrophil killing com-
pared to the wild-type strain (45). CNF suppresses apoptosis in
HEp-2 cells via a Rho- and actin-dependent pathway (14) but
induces apoptosis in other epithelial cell lines that do not form
stress fibers in response to the toxin (35). The ability of UPEC

FIG. 4. The induction of COX-2 transcription by CNF is not
blocked by inhibition of tyrosine phosphorylation. (A) NIH 3T3 cells
were pretreated with genistein (Gen) at final concentrations of 1, 10, or
50 �M for 1 h prior to the addition of lysates from E. coli expressing
CNF (CNF) or harboring pBluescript (pBS) at a final concentration of
1 �g/ml or in serum-free DMEM alone (�). The cells were harvested
8 h after treatment and assayed for luciferase activity. (B) NIH 3T3
cells were treated with a lysate from E. coli expressing CNF diluted in
DMEM to a final concentration of 1 �g/ml for 16 h; the cellular actin
was then stained with rhodamine-phalloidin (�). Cells were also
treated with genistein at 1, 10, and 50 �M for 1 h prior to the addition
of the CNF lysate.
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to regulate apoptosis may be important in allowing intracellu-
lar replication during chronic infection.

COX-2 expression induces a spectrum of different physio-
logical effects that are cell type dependent and that might play
a role in CNF-induced pathology. In cells of the immune sys-
tem, COX-2 expression has been shown to upregulate inter-
leukin-10 (IL-10) expression, while suppressing expression of
IL-12 and so downregulating cell-mediated immunity (19).
Thus, it is possible that CNF exerts a pathogenic effect by
interfering with immune function. Many other bacterial toxins
such as Staphylococcus aureus toxic shock syndrome toxin, Ac-
tinobacillus actinomycetemcomitans leukotoxin, and E. coli al-
pha-hemolysin also affect immune function (6, 18, 26). In ad-
dition, the suppression of apoptosis by CNF may be the result
of COX-2 overexpression, and this in turn may allow the es-
tablishment of a chronic infection.

CNF induces DNA synthesis via a mitogen-activated protein
kinase-independent pathway in cells grown in culture (25),
although cytokinesis is subsequently blocked, and after a few
days the cells become large and multinucleated. Whether CNF
affects the regulation of cell cycle progression in vivo is cur-
rently unknown. Indeed, the effect of the toxin on different cell
types may vary according to the pattern of expression of the
Rho proteins and also the downstream effectors that are in
turn activated by Rho, Rac, or cdc42, etc. The effect of CNF on
the cell cycle may be due at least in part to COX-2, which is
known to influence cell cycle progression. Induction of COX-2
by epidermal growth factor in polarized colon cancer cells
stimulates prostaglandin release and mitogenesis, while over-
expression in ECV-304 cells induces a prostaglandin-indepen-
dent cell cycle arrest. In ECV-304, HEK 293, and COS7 cells,
overexpression of COX-2 results in abnormal nuclear division,
with more than 10% of the cells becoming multinucleated (55).

Transgenic mice overexpressing COX-2 under the control of
the murine mammary tumor virus promoter displayed an en-
hanced tendency to develop mammary tumors (30). This tu-
morigenesis correlated with a suppression of apoptosis in the
mammary glands of the transgenic animals. The expression of
COX-2 in prostate cancer cells correlates with angiogenesis
and tumor growth (31), and the treatment of such cells with
inhibitors of COX-2 resulted in apoptosis (23). Persistent
schistosomiasis and the resultant chronic inflammation are ma-
jor predisposing factors to the development of squamous cell
carcinoma of the bladder (37). It has also been shown that
overexpression of COX-2 is associated with schistosomal-bil-
harzial bladder cancer (2). The localized overexpression of
COX-2 at the site of a persistent infection has been suggested
as the means by which Helicobacter pylori contributes to the
development of gastric cancers. It has been demonstrated that
H. pylori upregulates COX-2 transcription in murine, gastric
mucosa cells, with a resultant increase in prostaglandin E2

synthesis (47). It has recently been shown that COX-2 is over-
expressed in 38% of advanced bladder epithelial carcinomas
(24) and that expression correlates with localized invasion by
the tumor cells (51). The release of CNF by E. coli in the
urogenital tract could potentially lead to accelerated develop-
ment of urothelial carcinomas and deserves further investiga-
tion.
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