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Cyclooxygenase-2 overexpression abrogates the antiproliferative
effects of TGF-f

GA Enders™'
'Institute for Surgical Research, LMU-Minchen, Marchioninistr. 27, Miinchen D-81366, Germany

The influence of cyclooxygenase-2 (COX-2) overexpression on the development of tumours has been well documented. The
underlying mechanism however has still not been completely elucidated. An escape of proliferating cells from the regulatory influence
of TGF-f for example in the intestine has been discussed as well as a preponderance or prolongation of growth factor stimulation.
The experiments presented here demonstrated that COX-2 transfection of a TGF-f-sensitive cell line abrogates the growth
inhibitory effects of TGF-f. However, analysis of the TGF-f/Smad-signalling pathway clearly revealed that COX-2 overexpression did
not interfere with that. Neither TGF-receptor expression nor Smad phosphorylation and signal transfer into the nucleus were
influenced by COX-2 overexpression. In addition, a TGF-f reporter assay revealed no difference between controls and COX-2-
transfected cells. Thus, the proliferation inhibiting effects must have been well compensated by growth-inducing stimuli. Indications for
this came from experiments showing an induction of TGF-o expression and secretion with a higher and prolonged stimulation of the
ERK 172 (p42/44) pathway in COX-2 transfectants. This effect could have been triggered by direct prostaglandin receptor stimulation
or changes in intracellular lipid mediators. An increase in PPAR signalling as proven by a reporter assay is indication for the latter.
Therefore, inhibiting both COX-2 as well as the PPAR and TGF/EGF pathway could be effective in the inhibition of adenoma or even

carcinoma development in the intestine.
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The inducible cyclooxygenase-2 (COX-2) has been shown to be
overexpressed in colorectal cancer and adenomas in humans and
was demonstrated to be a controlling factor in the development of
adenomas in a mouse FAP model (Eberhart et al, 1994; Oshima
et al, 1996). In addition, the regular use of COX inhibitors has been
shown to reduce the relative risk for the development of colon
cancer (Thun et al, 1991; Greenberg et al, 1993; Steinbach et al,
2000; Baron et al, 2003; Sandler et al, 2003). The mechanistic steps,
which link COX-2 overexpression with the generation of a tumour
are however still not fully understood. Possible pathways involve
the escape from regulatory mechanisms as well as interference with
stimulatory effects on cell proliferation. The former comes from
experiments in rat cells showing a reduction of the TGF-f-receptor
expression after COX-2 overexpression (Tsujii and DuBois, 1995).
As TGF-ff has a major function as regulator for the cell renewal
in the intestine, this notion gains some support. In addition,
mutations in the TGF-f-receptor have also been associated with
certain tumours in the intestine (Parsons et al, 1995). On the other
hand, mutations are not as common as one would expect, so
regulatory deficits should be much more relevant. To this end, no
functional consequences of COX-2 overexpression in the TGEF-f-
pathway have been shown with regard to growth inhibition
or signal transduction. Therefore, we tested the effects of COX-2
overexpression on the growth characteristics of a highly TGF-f-
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responsive cell line. In addition, we analysed the TGF-f signalling
pathway and also the influence of COX-2 overexpression on
growth stimulatory mediators.

MATERIALS AND METHODS

Cell culture

The Mv1Lu mink lung epithelial cell line and the human CRC line
HCT-15 were from ATCC (Manassas, VA, USA). Cells were grown
in RPMI 1640 supplemented with 1% glutamine, 1% non-essential
amino acids, 1% MEM vitamins and 10% FCS (all from Invitrogen,
Karlsruhe, Germany).

Transfection

Full-length COX-2 from IL-1-induced human endothelial cells
as well as cPLA, from LPS stimulated U937 (human monocytic
cell-line) were amplified and cloned into the pcDNA3 expression
vector (Invitrogen, Karlsruhe, Germany). After sequence valida-
tion, plasmid DNA was transfected using FuGene-transfection
reagent according to the protocol of the manufacturer (Roche,
Mannheim, Germany).

TGF-stimulation

Control cells (10°) as well as COX-2-transfected cells were
stimulated with TGF-f (Strathman Biotech, Hannover, Germany)
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over 24h. Bromodeoxyuridine (BrdU) was added during the last
4h and cell proliferation measured by a BrdU-assay (Roche,
Mannheim, Germany).

Western blotting

Proteins were separated on a standard 10% polyacrylamide gel,
transferred to nitrocellulose and analysed by incubation with the
specific Ab. Ab used were anti-COX-2 (BD Biosciences, Heidelberg
and Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-c-myc
(Santa Cruz) and anti-(phospho)-p44/42 (ERK1/2; Cell Signalling
Technology, Frankfurt, Germany). For the detection of Smad and
phosphorylated Smad, a polyclonal Ab was used (a generous gift
from P ten Dijke) (Piek et al, 1999). Secondary HRP-coupled Ab as
well as the chemiluminescent substrate (picoSignal) was from
Pierce/Perbio, Bonn.

Reporter assay

The TGF-f reporter construct 3TP-Lux (Wrana et al, 1992) was
transiently transfected using FuGene (Roche) into MvIiLu as well
as stable COX-2-transfected cells. Twenty-four hours later, cells
were stimulated with TGF-f (1 and 10 ng ml™') and lysed after an
additional 24 h. Equal amounts of protein were tested for luciferase
and normalised for f-Gal activity (Microlumat, Berthold, Bad
Wildbad; Luciferase/f-Gal reporter assay/Roche). As reporter for
lipid mediators, the DR1-luciferase reporter pBLTK 1 was used
(kindly provided by BU Bauer/Uni Marburg).

RT-PCR

RNA was isolated 24 h after COX-2 transfection of cells using the
RNA easy kit according to the manufacturer’s protocol (Quiagen,
Hilden, Germany). The cDNA synthesis and PCR was performed
by standard methods with primers for human TGF-«, HGF and
EGF. The correct size gene-products were densitometrically
analysed after separation on a 1% agarosegel (1D-Software, LTF,
Wasserburg, Germany).

ELISA

TGF-o (R&D Systems, Wiesbaden, Germany) and prostaglandin E,
(PGE,) (correlate EIA, Assay Designs, Ann Arbor, USA) were
measured in the supernatant of cells by commercial ELISAs.

RESULTS

After stabile transfection of Mv1Lu (CCL-COX), the appearance of
the cells changed from an adherent monolayer to a suspension
culture. There was no obvious change in viability or doubling time.
This morphology was stable over several cell passages. Stabile
transfectants express COX-2 as shown by RT-PCR and Western
blotting (Figure 1). COX-2 was functional as shown by an
increased PGE production from 64.9 to 157.7 pgml~' (mean from
one transient/one stabile TF; measured in triplicate) in controls
and transfectants, respectively.

To test the impact of COX-2 expression on the TGF-f-signalling
pathway, parental and transfected cell lines were stimulated with
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Figure | Detection of COX-2 protein by Western blotting. In lane |,
the parental cell line Mv|Lu was analysed and lanes 2 and 3 are 2 separate
lines transfected with COX-2.
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TGF-f. In accordance with reports from the literature, TGF-f
inhibited the proliferation of MvlLu cells in a concentration-
dependent manner. In contrast, COX-2-transfected Mv1Lu cells
were refractory to the inhibitory effects of TGF-f up to a
concentration of 1ng, which totally blocks proliferation in the
original Mv1lLu (Figure 2A). Blocking the cyclooxygenase activity
by aspirin could partly reverse this effect (Figure 2B).

The effects of TGF-f after binding to its receptors are
transmitted via the Smad pathway, where phosphorylated Smad
2/3 enters the nucleus for activation of downstream genes (Heldin
et al, 1997). Protein analysis by Western blotting did not show any
difference in TGF-f type I and II receptor expression between
control and COX-2 expressing cells (Supplementary Figure 1),
which was in contrast to experimental data in a rat epithelial cell
line (Tsujii and DuBois, 1995). Furthermore, the Smad-signalling
pathway was intact. There was no difference in the expression of
Smad 2 and 3 (Supplementary Figure 2) and it was equally
phosphorylated after TGF-f stimulation in controls and COX-2-
transfected cells (Figure 3). In addition, the transfer of the Smad
signal into the nucleus after TGF-f stimulation could be equally
demonstrated by immunofluorescence in control as well as COX-2-
transfected cells (Supplementary Figure 3). The functional effect
could also be shown by an established TGF-f reporter assay

A 120
100¢
< 807
s
o
> 601 —— Mvilu
3 == MviLu
2 404 —w— CCL-COX
—/= CCL-COX
20
0 r r r
0.01 0.1 1.0
TGF-p (ng mI-1)
B 120
—@— MviLu
—O= CCL-COX 1
100 —¥— CCL-COX/aspirin
80

% cell growth
[o2]
o

0.01 0.1 1.0
TGF-$ (ng mi-1)

Figure 2 Growth inhibition curve of MvILu and the COX-2 transfected
line CCL-COX after TGF-f stimulation in (A). Proliferation was tested by
BrdU incorporation. In (B), the effect of aspirin on the growth of TGF-f-
stimulated COX-2-transfected cell lines is plotted in percent of control
growth. Each point was measured in triplicate and the experiment was
repeated at least four times.
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Figure 3 Phosphorylation of Smad after TGF-f§ stimulation of Mv|Lu
(lane 1 -3) and two different COX-2-transfected cell lines (4—6 and 7-9).
Lanes |, 4 and 7 are cells before TGF-f stimulation, 2, 5 and 8 are 15min
and 3, 6 and 9 are 30 min after TGF-f (10ngml™") stimulation. The lower
band after stimulation corresponds to the phosphorylated Smad (lanes 2, 3,
5, 6,8 and 9).
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Figure 4 Reporter assay using the TGF-f-responsive 3TP-Luc reporter
construct. The mean fold increase over control (measured in triplicate) is
given of cell lysates after normalisation for -Gal activity. The experiment
was repeated once.

(Wrana et al, 1992). After co-transfection with the reporter
plasmid, the luciferase activity increased in controls as well as in
COX-2-transfected cells by about eight times. Thus, this reporter
experiment further supports the notion that the TGF-f signal via
Smad is transmitted in the COX-2 transfectants to the same extend
as in controls (Figure 4).

One possibility to counteract the antiproliferative effects of
TGEF-f is either blocking the intracellular signal transduction or
upregulating a proliferation signal. The former has been shown to
be mediated by Smad 7, although this effect has mostly been
proven by the inhibition of the reporter. As no interference with
the response of the reporter to TGF-f could be shown after COX-2
co-transfection, this pathway seems to be not effective. So the
overexpression of a proliferation signal could be an alternative
explanation. To test this, we investigated the changes in the
expression of common growth factors for epithelial cells (HGF,
EGF, TGF-a) by RT-PCR after COX-2 transfection. Whereas EGF
and HGF were not induced after COX-2 expression, TGF-a could
be readily detected by PCR after COX-2 transfection (Figure 5). In
addition, the transfectants secreted considerable amounts of TGF-ua
into the supernatant (Figure 6). As a consequence, the cells also
had a higher spontaneous phosphorylation of the p44/42 MAPK,
which is a common pathway in growth factor stimulation (Figure 7,
lane 1). To get an idea how the COX-2 signal might be transmitted,
we measured PGE, concentrations and also tested in a screen
a pathway for lipid signalling. The prostaglandin concentrations
in the medium were in the Mv1Lu cells 64.9 pgml™" in controls
and 157.7 pgml ' in the COX-2 transfected cells, whereas in the
human CRC-line HCT-15, the mean concentration was 100 pgml ™"
in controls and 450 pgml ' in the COX-2-expressing cells. This
concentration was just below concentrations used to stimulate cells
directly to proliferate. In addition, mRNA for the PGE receptors 2
and 4 was below the detection limit of the RT -PCR. Thus, it seems
more likely that the signal might be transferred by an intracellular
pathway. Indications for this could be seen in a screening for the
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Figure 5 RT—PCR for TGF-a of cDNA from control (lane ), COX-2
(lane 2), cPLA (lane 3) and combined COX-2/cPLA (lane 4)-transfected
cells. Amplification was for 30 or 35 cycles and analysed on a 1% agarose
gel stained with ethidium bromide. M, MW marker lane; predicted
amplicon size is 519 bp.
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Figure 6 TGF- concentration (pgml™") in the supernatant of control
and COX-2-transfected HCT-15 with and without phorbolester (PMA,
I ngml™") stimulation. Concentration was measured in triplicate. Results
(mean) are from two independent experiments.
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Figure 7 Phosphorylation of ERKI/2 (p42/44) after EGF stimulation in
control (first two rows) and COX-2-transfected HCT-15 (third and fourth
row). First lane is the control without stimulation, next lanes are 5, 10, I5,
30 and 45min after stimulation, respectively. In rows 2 and 4, the
unphosphorylated ERK1/2 (p42/44) serves as loading control. Experiments
with a different cell line (HepG) gave similar results.

reporter assay for lipid mediators. Transfecting a reporter with
binding sites for PPAR/RXR together with COX-2 resulted in an
increase in the luciferase activity compared with controls
(Figure 8). Thus, it seems likely that an endogenous product
generated or affected by the COX-2 overexpression fuelled the
reporter expression.
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Figure 8 PPAR reporter assay using a DRI construct. The fold increase
is calculated for control and COX-2, cPLA and combined transfectants.
Results are the mean from triplicates and the experiment was repeated
once.

DISCUSSION

Overexpression of COX-2 has been associated with the risk for the
development of many different tumours. As one possible outcome
of the COX-2 overexpression, an escape of epithelial cells from
the regulatory influence of TGF-f in the intestine has been
discussed. This has been elegantly shown by the overexpression of
COX-2 in a rat intestinal epithelial cell line, which resulted in a
downregulation of TGF-f-receptor as well as an upregulation of
bcl-2, which may stop growth inhibition by TGF-f as well as lower
apoptosis and finally end in a higher proliferation of epithelial cells
(Tsujii and DuBois, 1995). In contrast to these results, a loss of
TGF-f-receptor expression could not be found after COX-2
overexpression in the experiments presented here. TGF-f, how-
ever, was no longer able to inhibit cell proliferation in Mv1Lu cells,
a common indicator cell line for TGEF-f-effects. Therefore, a
mechanism different from the loss of receptor expression must
be effective. The translation of the TGF-f signal into the cell
involves several positive and negative regulators in the cytosol. The
phosphorylation of Smad proteins and their translocation into
the nucleus are indicative for an effective transfer of the signal.
This pathway, however, was unaffected in MvlLu cells over-
expressing COX-2. So how was the escape from inhibition
mediated? Activating of inhibitors of the Smad pathway and Smad
or even TGF-f-independent mechanisms might be responsible for
the proliferation of the cells in the presence of TGF-f§ after COX-2
overexpression.

Direct inhibitory molecules, which interfere with the TGF-
signalling pathway, have been described including Sno or Ski or
more recently Akt (Conery et al, 2004; Remy et al, 2004). These
molecules, however, act only in concert with Smad, for example,
are bound to Smad and inhibit Smad translocation, which seems
not to be affected in the experiments presented here. After TGF-f§
stimulation, the signal can be blocked by inhibitory factors like
Smad 7 (Hayashi et al, 1997). The inhibitory effect of this pathway
has been similarly proven by a reduction of the signal response of a
reporter construct. As in the experiments presented here, COX-2
transfectants still respond to TGF-f with an increase of the
reporter signal, direct inhibition of the Smad pathway seems to be
unlikely.

The intracellular signalling of TGF-f consists of two well-
defined pathways: one that includes the Smad signalling as
outlined above (Massague et al, 2000) and a Smad-independent
pathway (Derynck and Zhang, 2003). As the experiments show all
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activation steps in the Smad pathway even in the cells over-
expressing COX-2, a Smad-independent pathway seems to be
responsible for the escape of the cells from TGF-f-induced growth
inhibition. There have been reports of crosstalk between the TGF-f
signalling and an activation of receptor tyrosin kinases. The latter
transmit quite often the signal of growth hormones and induce cell
proliferation (Grunert et al, 2003) even in the presence of an
antiproliferative milieu. In this regard, it has been postulated that
the overexpression of an oncogene may override the TGF-f effects
(Siegel and Massague, 2003). From this, it is an interesting finding
that the COX-2-transfected cells display higher TGF-o expression/
secretion and a higher activation of the ERK-pathway. The
activation of the ERK pathway could be explained by the
transactivation of the EGF receptor as has been shown for the
stimulation with PGE, (Pai et al, 2002). EGF-receptor activation
leads to a signalling by the MAPK, which has been suggested to
antagonise the TGF-f pathway (Lo et al, 2001) and induce the
oncogene myc-expression (Alarcon-Vargas and Ronai, 2004),
which may bypass the growth inhibition. In human cholangio-
carcinoma cells, growth and invasive properties could be
stimulated by PGE,/EP1 receptor mediated EGF-receptor activa-
tion (Han and Wu, 2005). However, although PGE could be found
to be much higher in COX-2-transfected cells, it never reached the
concentration used to induce transactivation. So a direct effect of
the overexpressed TGF-o. on the EGF-receptor seems more likely.
An interrelation between COX-2 and growth factors has been
shown before for TGF-o and amphiregulin (Coffey et al, 1997; Shao
et al, 2004). In this regard, it is interesting that TGF-o-stimulated
cells have been used for the isolation and cloning of COX-2
(DuBois et al, 1994) and shows the close interrelation between both
systems. One must make the point, however, that the polarised
secretion of the TGF-u together with the localised expression of the
EGF-receptor may impede the growth stimulation in polarised
epithelial cells. This may be changed dramatically in hyperproli-
ferating cells as in adenomas or less differentiated cells, which may
lose polarity (Huang et al, 1995). On the other hand, TGF-f has
been shown to induce TGF-o expression with the consequence of
EGF-receptor activation (Vinals and Pouyssegur, 2001) and an
increase in c-myc oncogene expression (Skouteris and McMena-
min, 1992), as we could demonstrate in the transfected cells here
(Supplementary Figure 4). Although direct prostaglandin effects
via exogenous receptor activation are a good explanation,
endogenously produced lipid mediators may also mediate effects.
In this regard, non-enzymatic products of the prostaglandin
pathway like PGJ as well as arachidonic acid have been shown to
trigger important signalling via PPAR activation (Dobbie et al,
2002; Laurora et al, 2003). The stimulation of a PPAR-responsive
element in the DR-reporter after COX-2 overexpression demon-
strates this pathway. There are reports of inhibitory effects of
PPAR-y on the TGF/Smad pathway and also on the block of TGF-
p-induced mitoinhibition (Han et al, 2004; Zhao et al, 2006).
Therefore, the direct PGE as well as the PPAR-mediated effects can
explain the effects of COX-2 overexpression on the TGEF-f
pathway. This could, in addition to the reported loss of TGF-f
receptor, explain how epithelial cells can escape from the growth
regulation in the intestine ultimately leading to hyperproliferation
and the formation of adenomas, which are prerequisite for
carcinoma formation. Therefore, not only the inhibition of the
cyclooxygenase is a good strategy for treating patients at risk but
also a combination with PPAR inhibitor may boost the therapeutic
repertoire.

ACKNOWLEDGEMENTS

I thank Dr P ten Dijke (The Netherland Cancer Institute,
Amsterdam) for providing the Smad-specific antibodies and Dr ]

British Journal of Cancer (2007) 97(10), 1388—1392

1391



COX-2 expression, effect on TGF-f stimulation
GA Enders

Massague (Memorial Sloan-Kettering Cancer Center, New York)
for the 3TP-Luc reporter construct. Many thanks for the excellent
technical assistance of K Baltzer-Quost, B Lorenz and C Fahney.

REFERENCES

Alarcon-Vargas D, Ronai Z (2004) c-Jun-NH2 kinase (JNK) contributes to
the regulation of c-Myc protein stability. J Biol Chem 279: 5008 -5016
Baron JA, Cole BF, Sandler RS, Haile RW, Ahnen D, Bresalier R, McKeown-
Eyssen G, Summers RW, Rothstein R, Burke CA, Snover DC, Church TR,
Allen JI, Beach M, Beck GJ, Bond JH, Byers T, Greenberg ER, Mandel S,
Marcon N, Mott LA, Pearson L, Saibil F, van Stolk RU (2003) A
randomized trial of aspirin to prevent colorectal adenomas. N Engl ] Med
348: 891-899

Coffey R], Hawkey CJ, Damstrup L, Graves DR, Daniel VC, Dempsey PJ,
Chinery R, Kirkland SC, DuBois RN, Jetton TL, Morrow JD (1997)
Epidermal growth factor receptor activation induces nuclear targeting of
cyclooxygenase-2, basolateral release of prostaglandins, and mitogenesis
in polarizing colon cancer cells. Proc Natl Acad Sci USA 94: 657 - 662

Conery AR, Cao Y, Thompson EA, Townsend Jr CM, Ko TC, Luo K (2004)
AKkt interacts directly with Smad3 to regulate the sensitivity to TGF-beta
induced apoptosis. Nat Cell Biol 6: 366 —372

Derynck R, Zhang YE (2003) Smad-dependent and Smad-independent
pathways in TGF-beta family signalling. Nature 425: 577 - 584

Dobbie Z, Muller PY, Heinimann K, Albrecht C, D’Orazio D, Bendik I,
Muller H, Bauerfeind P (2002) Expression of COX-2 and Wnt pathway
genes in adenomas of familial adenomatous polyposis patients treated
with meloxicam. Anticancer Res 22: 2215-2220

DuBois RN, Tsujii M, Bishop P, Awad JA, Makita K, Lanahan A (1994)
Cloning and characterization of a growth factor-inducible cyclo-
oxygenase gene from rat intestinal epithelial cells. Am J Physiol 266:
G822-G827

Eberhart CE, Coffey RJ, Radhika A, Giardiello FM, Ferrenbach §,
DuBois RN (1994) Up-regulation of cyclooxygenase 2 gene expression
in human colorectal adenomas and adenocarcinomas. Gastroenterology
107: 1183-1188

Greenberg ER, Baron JA, Freeman Jr DH, Mandel JS, Haile R (1993)
Reduced risk of large-bowel adenomas among aspirin users. The polyp
prevention study group. J Natl Cancer Inst 85: 912-916

Grunert S, Jechlinger M, Beug H (2003) Diverse cellular and molecular
mechanisms contribute to epithelial plasticity and metastasis. Nat Rev
Mol Cell Biol 4: 657 - 665

Han C, Demetris AJ, Liu Y, Shelhamer JH, Wu T (2004) Transforming
growth factor-beta (TGF-beta) activates cytosolic phospholipase A2alpha
(cPLA2alpha)-mediated prostaglandin E2 (PGE)2/EP1 and peroxisome
proliferator-activated receptor-gamma (PPAR-gamma)/Smad signaling
pathways in human liver cancer cells. A novel mechanism for subversion
of TGF-beta-induced mitoinhibition. J Biol Chem 279: 44344 - 44354

Han C, Wu T (2005) Cyclooxygenase-2-derived prostaglandin E2 promotes
human cholangiocarcinoma cell growth and invasion through EP1
receptor-mediated activation of the epidermal growth factor receptor
and Akt. J Biol Chem 280: 24053 - 24063

Hayashi H, Abdollah S, Qiu Y, Cai J, Xu YY, Grinnell BW, Richardson MA,
Topper JN, Gimbrone Jr MA, Wrana JL, Falb D (1997) The MAD-related
protein Smad7 associates with the TGFbeta receptor and functions as an
antagonist of TGFbeta signaling. Cell 89: 1165-1173

Heldin CH, Miyazono K, ten Dijke P (1997) TGF-beta signalling from cell
membrane to nucleus through SMAD proteins. Nature 390: 465-471

Huang F, Sauma S, Yan Z, Friedman E (1995) Colon absorptive epithelial
cells lose proliferative response to TGF alpha as they differentiate.
Exp Cell Res 219: 8-14

Laurora S, Pizzimenti S, Briatore F, Fraioli A, Maggio M, Reffo P, Ferretti C,
Dianzani MU, Barrera G (2003) Peroxisome proliferator-activated

British Journal of Cancer (2007) 97(10), 13881392

Supplementary Information accompanies the paper on British
Journal of Cancer website (http://www.nature.com/bjc)

receptor ligands affect growth-related gene expression in human
leukemic cells. ] Pharmacol Exp Ther 305: 932 -942

Lo RS, Wotton D, Massague J (2001) Epidermal growth factor signaling via
Ras controls the Smad transcriptional co-repressor TGIF. EMBO ] 20:
128-136

Massague J, Blain SW, Lo RS (2000) TGFbeta signaling in growth control,
cancer, and heritable disorders. Cell 103: 295-309

Oshima M, Dinchuk JE, Kargman SL, Oshima H, Hancock B, Kwong E,
Trzaskos JM, Evans JF, Taketo MM (1996) Suppression of intestinal
polyposis in Apc delta716 knockout mice by inhibition of cyclo-
oxygenase 2 (COX-2). Cell 87: 803 -809

Pai R, Soreghan B, Szabo IL, Pavelka M, Baatar D, Tarnawski AS (2002)
Prostaglandin E2 transactivates EGF receptor: a novel mechanism for
promoting colon cancer growth and gastrointestinal hypertrophy. Nat
Med 8: 289-293

Parsons R, Myeroff LL, Liu B, Willson JK, Markowitz SD, Kinzler KW,
Vogelstein B (1995) Microsatellite instability and mutations of the
transforming growth factor beta type II receptor gene in colorectal
cancer. Cancer Res 55: 5548 - 5550

Piek E, Moustakas A, Kurisaki A, Heldin CH, ten Dijke P (1999) TGF-(beta)
type I receptor/ALK-5 and Smad proteins mediate epithelial to
mesenchymal transdifferentiation in NMuMG breast epithelial cells.
J Cell Sci 112: 4557 -4568

Remy I, Montmarquette A, Michnick SW (2004) PKB/Akt modulates TGF-
beta signalling through a direct interaction with Smad3. Nat Cell Biol 6:
358-365

Sandler RS, Halabi S, Baron JA, Budinger S, Paskett E, Keresztes R, Petrelli
N, Pipas JM, Karp DD, Loprinzi CL, Steinbach G, Schilsky R (2003) A
randomized trial of aspirin to prevent colorectal adenomas in patients
with previous colorectal cancer. N Engl ] Med 348: 883 -890

Shao J, Evers BM, Sheng H (2004) Prostaglandin E2 synergistically
enhances receptor tyrosine kinase-dependent signaling system in colon
cancer cells. J Biol Chem 279: 14287 - 14293

Siegel PM, Massague J (2003) Cytostatic and apoptotic actions of TGF-beta
in homeostasis and cancer. Nat Rev Cancer 3: 807 - 821

Skouteris GG, McMenamin M (1992) Transforming growth factor-alpha-
induced DNA synthesis and c-myc expression in primary rat hepatocyte
cultures is modulated by indomethacin. Biochem ] 281: 729-733

Steinbach G, Lynch PM, Phillips RK, Wallace MH, Hawk E, Gordon GB,
Wakabayashi N, Saunders B, Shen Y, Fujimura T, Su LK, Levin B (2000)
The effect of celecoxib, a cyclooxygenase-2 inhibitor, in familial
adenomatous polyposis. N Engl | Med 342: 1946 -1952

Thun MJ, Namboodiri MM, Heath Jr CW (1991) Aspirin use and reduced
risk of fatal colon cancer. N Engl | Med 325: 1593 - 1596

Tsujii M, DuBois RN (1995) Alterations in cellular adhesion and apoptosis
in epithelial cells overexpressing prostaglandin endoperoxide synthase 2.
Cell 83: 493-501

Vinals F, Pouyssegur J (2001) Transforming growth factor betal (TGF-
betal) promotes endothelial cell survival during in vitro angiogenesis via
an autocrine mechanism implicating TGF-alpha signaling. Mol Cell Biol
21: 7218-7230

Wrana JL, Attisano L, Carcamo ], Zentella A, Doody ], Laiho M, Wang XF,
Massague J (1992) TGF beta signals through a heteromeric protein kinase
receptor complex. Cell 71: 1003 -1014

Zhao C, Chen W, Yang L, Chen L, Stimpson SA, Diehl AM (2006)
PPARgamma agonists prevent TGFbetal/Smad3-signaling in human
hepatic stellate cells. Biochem Biophys Res Commun 350: 385-391

© 2007 Cancer Research UK


http://www.nature.com/bjc

	Cyclooxygenase-2 overexpression abrogates the antiproliferative effects of TGF-beta
	MATERIALS AND METHODS
	Cell culture
	Transfection
	TGF-stimulation
	Western blotting
	Reporter assay
	RT-PCR
	ELISA

	RESULTS
	DISCUSSION
	Figure 1 Detection of COX-2 protein by Western blotting.
	Figure 2 Growth inhibition curve of Mv1Lu and the COX-2 transfected line CCL-COX after TGF-beta stimulation in (A).
	Figure 4 Reporter assay using the TGF-beta-responsive 3TP-Luc reporter construct.
	Figure 5 RT-PCR for TGF-alpha of cDNA from control (lane 1), COX-2 (lane 2), cPLA (lane 3) and combined COX-2solcPLA (lane 4)-transfected cells.
	Figure 6 TGF-alpha concentration (pgthinspml-1) in the supernatant of control and COX-2-transfected HCT-15 with and without phorbolester (PMA, 1thinspngthinspml-1) stimulation.
	Figure 3 Phosphorylation of Smad after TGF-beta stimulation of Mv1Lu (lane 1-3) and two different COX-2-transfected cell lines (4-6 and 7-9).
	Figure 7 Phosphorylation of ERK1sol2 (p42sol44) after EGF stimulation in control (first two rows) and COX-2-transfected HCT-15 (third and fourth row).
	Figure 8 PPAR reporter assay using a DR1 construct.
	ACKNOWLEDGEMENTS
	REFERENCES


