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ABSTRACT B-Catenin/Tcf-mediated transcriptional activation has recently been
) ] implicated in human carcinogenesis. Elevated cytogdatenin and
Wnt-1acts as a mammary oncogene when ectopically expressed in they 5o eriptionally actives-catenin/Tcf complexes have been detected
mouse mammary gland.APC is a tumor suppressor gene, mutations in in both colon carcinomas and melanomas (32—B4%atenin accu-
which cause intestinal tumorigenesis in humans and rodents. BotiWnt-1 : . .
mulation can occur as a consequence of mutation of eitheBthe

expression andAPC mutation activate a common signaling pathway in- . . .
volving transcriptional activation mediated by B-catenin/Tcf complexes, cateningene itself or the tumor suppressor gexieC, because wild-

but few targets relevant to carcinogenesis have yet been identified. Ex- type APC protein contributes tg-catenin destabilization (32-36).
pression of the inducible prostaglandin synthase cyclooxygenase-2 ap-Mutations inAPC cause intestinal tumorigenesis in humans and mice.
pears critical for intestinal tumorigenesis resulting from APC mutation,  Although the molecular mechanism by whigf?C mutation induces
suggesting thatcyclooxygenase-2night be a transcriptional target for  tumorigenesis is unclear, many data implicate cyclooxygenase en-
B-catenin/Tcf complexes. Here, we have investigated the effect of Wnt-1 zymes in this process (37). Co%-fnd Cox-2 are constitutively
on cyclooxygenase-2xpression.Wnt-1expression in the mouse mammary - expressed and inducible isoforms of prostaglandin synthase, respec-
ep|thel|e}l cell lines RAC3'11 and C57MG'|nduces staplllzatlon of.cytosollc tively (gene symbolsPtgs1and Ptgs2; Ref. 38)COX-2 expression
féﬁitizg‘sizdtgﬂg:%33?:}' Hp?ﬂzg);gsggnéfE;r;rE;jggx?/Z\g:\t;Qéh::: has been detected in intestinal tumors of both mice and humans with
. APC mutations (39—41). Genetic ablation of tl@ox-2 gene or

resulting in increased levels of cyclooxygenase-2 mRNA and protein. LT o .
Prostaglandin E, production was increased as a consequence of the ele-Pharmacological inhibition of Cox-2 activity dramatically reduces the

vated cyclooxygenase-2 activity and could be decreased by treatment with incidence of intestinal tumors iApc mutant mice (42).

a selective cyclooxygenase-2 inhibitor. Cyclooxygenase-2 thus appears to  Thus, bothAPC mutation and ectopibVnt-1expression can cause
be a common downstream target forAPC mutation and Wnt-1expression. tumorigenesis, and this may be, at least in part, via a common
In view of the critical role of cyclooxygenase-2 in intestinal tumorigenesis, signaling pathway involving3-catenin/Tcf complexes. Furthermore,
cyclooxygenase-@p-regulation in response to Wnt signaling may contrib-  Cox-2 appears critical for tumor formation resulting frék®C mu-

ute to Wnt-induced mammary carcinogenesis. tation. Consequently, we reasoned that Cox-2 might also be a target
for Wnt-1 signaling and might potentially contribute\ént-1-induced
INTRODUCTION mammary tumorigenesis. We therefore tested the effectvof-1

expression on Cox-2 in mouse mammary epithelial cells. Here we

Whnt-1was originally identified as a mammary oncogene activated; thatwnt-1 expression in RAC311 and C57MG cells causes
by proviral insertions of mouse mammary tumor virus (1-3). ECtop|fereased transcription d@ox-2, resulting in elevated Cox-2 protein
expression ofWnt-1under the control of a mouse mammary WMOfeyeis  An increase in PGEsynthesis is also observed ivnt-1-
virus promoter leads to extensive mammary hyperplasia and sub§gs ossing cells, which can be reversed by treatment with a selective
9“6”‘ generation of adenoca_rcmomas in mice (4). Cell CL_“ture EXPBi5x-2 inhibitor. These data may be significant not only in terms of
iments demonstrate that multipRintgene family members including Wnt-mediated carcinogenesis in the mouse but also in relation to

Whnt-1can cause partial cellular transformation of some epithelial arl%man cancers in which components of the Whnt signaling pathway
fibroblastic cell lines (5-12). Collectively, these data implicétat-1 are activated

as an oncogene when inappropriately expressed. Sev#xdlgene

family members have been found to be overexpressed in a pmportm;ﬂTERlALS AND METHODS

of human breast cancers and may therefore contribute to carcinogen-

esis in humans (13-17). Cell Culture. Two mouse mammary epithelial cell lines were used,
The Wnt-1 gene encodes a secreted protein that functions as @»7MG (43) and RAC311, a clonal subline derived from RAC311c (44, 45).

extracellular ligand capable of promoting mitogenesis (18—21). WntRAC311 cells were grown in DMEM (4.5 géi-glucose) containing 10% fetal

appears to signal via a unique pathway, thought to be initiated Bovine serqm (Life Technologies, Ing.), 100 units/ml penicillin, ar.ld;lgl)nl

interaction of Wnt-1 with a member of the Frizzled family of sevenStéPtomycin. C57MG growth medium was supplemented with . bml

transmemt_)rane receptors, leading to .stablllzatlon of a cytosolic pé??jper-free virus stocks as described previously (21). Approximately 50—-100

of B-Ca.tenln (22)'_ Accumulatefa’-.cgtenln can translocate to the n%J'G418—resistalnt colonies were pooled to generate the pooled populations des-

cleus, interact with Tcf transcription factors, and thereby med'ai%ated RAC/MV7, RAC/Wnt-1, C57/MV7, and C57/Wnt-1. A clonal subline

ulin (Sigma). Cells were infected with MV7 or MVWnt-1 retrovirus using

transcriptional activation (11, 23-31). of RAC/Wnt-1 was derived by limiting dilution, selected on the basis of highly
transformed morphology, and designated RAC/Wnt-1 #9. For cell lysate and
Received 10/22/98; accepted 1/27/99. RNA preparation, cells were plated at<110° cells per 10-cm dish and grown
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with Dulbecco’s PBS (Life Technologies, Inc.) containing 2 BDTA. ECM  Wnt-1 antibody revealed that RAC/Wnt-1 #9 produced more Wnt-1
remaining on the plates was solubilized in boiling Laemmli SDS sample buffprotein than the pooled RAC/Wnt-1 population (Fig\)1 Therefore,
and stored at-20°C. For analysis of cytosolig-catenin levels, lysates were we included both RAC/Wnt-1 and RAC/Wnt-1 #9 in subsequent
prepared as described (46), and total protein was assayed using Bio‘%ﬁ‘élyses. As demonstrated previously, expressiahratlin C57MG

Protein Assay reagent. For Cox-2 protein analysis, lysates were prepajgd 1q accumulation of uncomplexed cytosgiicatenin (Refs. 46 and
essentially as described (47). Cells were washed twice with PBS and harve%sd data not shown). In addition, cytosofiecatenin was elevated in
in lysis buffer containing 150 m NaCl, 100 nm Tris-Cl (pH 8.0), 1% Tween ’ ) Oy

20, 1 mm EDTA, 1 mm phenylmethylsulfonyl fluoride, 50 mn diethyldithio- RAC311 ;ells expressingvnt-1 (F'g' 1B), and higher Ievelg werg
carbamic acid. After one cycle of freeze-thawing-20°C, cells were soni- deétected in RAC/Wnt-1 #9 relative to RAC/Wnt-1, correlating with

cated (three times for 15 s each time) on ice, then debris was pelleted'8jative Wnt-1 protein production.
centrifugation at 10,00 g for 10 min at 4°C. Supernatants were stored at COX-2 protein levels in control antlVnt-1-expressing cell lines
—80°C, and proteins were assayed using a Lowry-based protein assaywd@tre analyzed by Western blotting (Fig. 2). C57/MV7 exhibited a
(Sigma). markedly higher basal amount of Cox-2 than RAC/MV7, in which
For Western analysis, samples were subjected to SDS-PAGE as follo@wx-2 protein was virtually undetectable. In both C57MG and
Wnt-1 ECM fractions, 10% gel3-catenin samples, 8% gel, /&g of protein; RAC311 cell lines, however, expressionwht-1led to an increase in
Cox-2 lysates, 10% gel, 5Qg of protein. Proteins were transferred to pon-COX_2 protein, and Cox-2 protein was more abundant in RAC/Wnt-1
vinylidene fluoride membrane (Immobilon; Millipore), blotted with anti-#9 than in RAC/Wnt-1, correlating witWnt-1 expression levels.

Wnt-1 antibody (MC123; Ref. 21), anfi-catenin antibody (Transduction . .
Laboratories; Ref. 46), or anti-Cox-2 antibody (715; Ref. 47), and develop@tf]alySIS of Cox-2 RNA by Northern blotting demonstrated that

with Amersham enhanced chemiluminescence reagents. The anti-Cox-2 anti-

body 715 was a rabbit polyclonal antibody, raised against the unique 18-amino

acid sequence from the COOH-terminal region of human Cox-2, which does A
not react with Cox-1.

RNA Preparation and Northern Blotting. RNA was prepared from con-
fluent cells using RNAzol B (Tel-Test, Inc.) according to the manufacturer’s
instructions. Twentyug of RNA were subjected to electrophoresis in 1%
agarose/formaldehyde/3-[N-morpholino]propanesulfonic acid gels and trans-
ferred to Zeta-Probe membrane (Bio-Rad). Radiolabeled random-primed
probes were prepared using the Rediprime DNA labeling system (Amersham),
and hybridization was undertaken at 65°C in @.3Na,HPO, (pH 7.2), 7%

SDS, and 1 m EDTA (48). Washes were performed in 4&ama,HPO, (pH

7.2), 1% SDS at 65°C. Probes used were mu@ox-2 (TIS-10; a gift from

H. R. Herschman, University of California at Los Angeles, Los Angeles, CA),
murine Cox-1 (a gift from W. L. Smith, Michigan State University, East
Lansing, Ml), and murine GAPDH (obtained from A. Ashworth, Institute of
Cancer Research, London, England). GAPDH was used to demonstrate equal
loading of each lane.

Nuclear Run-Ons. Nuclei were prepared, and nuclear run-ons were per-
formed as described (47).

Autoradiographic exposures of both Northern blots and nuclear run-ons
were quantitated by analysis on a Macintosh computer using the public domain
NIH Image program (developed at the United States NIH and available on the
Internet at http://rsb.info.nih.gov/nih-image/). Values obtained were normal- B

RAC/MV7
'’ RACWnt-1

n RAC/Wnt-1 #9

< 44kDa

ized to those obtained for GAPDH and 18S rRNA for Northern blots and
nuclear run-ons, respectively.

PGE, Assays. Cells were plated in 12-well plates at410* cells/well and
grown to confluence. Culture medium was collected and assayed fos BGE
enzyme immunoassay (Cayman Co., Ann Arbor, MI). To assay R&d&luc-
tion in the presence of excess arachidonic acid (AA “spiked”), cells were
incubated with fresh medium containing ® arachidonic acid for 30 min,
and then this medium was harvested and assayed as above. For experiments
assaying the effect of DFU on PGproduction, cells were plated in 6-cm
dishes at 3< 10° cells/dish. DFU was added in fresh medium 72 h after plating
and readded at 96 h. PGRroduction was assayed at 120 h after plating, at
which time control cells were confluent.

RAC/MV7
RAC/Wnt-1
RAC/Wnt-1 #9

RESULTS AND DISCUSSION
w—— e & 97 kDa

To examine the effect of Wnt-1 ddox-2expression, we generated
fresh cell populations expressingnt-1 by infection of the mouse

mammary epithelial cell lines C57MG and RAC311 with retrovirus Fig. 1. Characterization of RAC311 cells expressiigt-1. RAC/MV7, RAC/Wnt-1,
y €p and RAC/Wnt-1 #9 cells were generated by retroviral infection as described in “Materials

encoding Wnt-1 (MVWnt-1) or control retrovirus (MV7). As 0b- and Methods.” Cells were analyzed by Western blotting for Wnt-1 protein and cytosolic
served previously (5, 6), both C57/Wnt-1 and RAC/Wnt-1 cells ap-catenin levelsA, Wnt-1expression. ECM fractions were prepared and assayed for

; ; -:Wnt-1 protein as described in “Materials and Methods.” Anti-Wnt-1 antibody MC123
peared morphologically transformed and grew to higher cell dens“_%(gected two bands o, 42,000 andV, 44,000 inWnt-1-expressing cells, as observed

than control cells (C57/MV7 and RAC/MV7, respectively). An addipreviously (71). These represent differentially glycosylated forms of Wnt-1 protein (20).

tional clonal subline, RAC/Wnt-1 #9, was generated from RAQYo Wnt-1 protein was detected in ECM from control RAC/MV7 celB, cytosolic
- . . . atenin. Cytosol fractions were prepared from cells and assayeg@-&atenin as
Wnt-1 by ||m|t|ng dilution and selected because of its h'gh degree &Cscribed in “Materials and Methods.” The position ofvia 97,000 molecular weight

morphological transformation. Western blot analysis using an antiarker is shown.
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B 5, “spontaneous”). Spontaneous PGFoduction was also measured
in C57MG-derived lines and was increased 00% in C57/Wnt-1

cells relative to C57/MV7 (data not shown). Given that arachidonic
acid is the substrate from which cyclooxygenases synthesize prostag-
landins, incubation of cells with excess arachidonic acid can increase
PGE, production. In our experiments, treatment of the cells with
arachidonic acid increased the absolute amounts of ,FsgBRthesis
(Fig. 5, “AA spiked”), but PGE production was still elevated in
Whnt-1-expressing cells relative to RAC/MV7. This suggests that the
measured spontaneous synthesis rates reflected relative levels of
Cox-2 activity in the cells, rather than differential availability of
arachidonic acid.
s e €<— 69 kDa The observed increases in P&dynthesis inVnt-1-expressing cells

could also be a consequence of changes in the level of Cox-1.

Fig. 2. Cox-2 protein is increased hynt-1expression. Lysates were prepared from 1 it it i
C57MG-derived cellsf) and RAC311-derived cell8]. Fifty ug of lysate were analyzed Althoth Cox-1is constltutlvely and Ublqwtous'y expressed, there

by Western blotting for Cox-2 as described in “Materials and Methods,” using rabtt@ve been reports of ligand-induc&bx-1 up-regulation (50-53).
polyclonal anti-Cox-2 antibody 715. Data shownAnand B are from separate experi- Therefore, we addressed the involvement of Cox-1 using two assays:

ments. The position of &, 69,000 molecular weight marker is shown. (a) we measured Cox-1 mRNA by Northern blotting and found little
or no increase in Cox-1 mRNA in RAC/Wnt-1 and C57MG/Wnt-1,
respectively, relative to control cells (Fig. 6); ang) (ve tested the
relative contribution of Cox-1 and Cox-2 to PGRroduction in the
RAC311-derived cell lines by using DFU, a selective Cox-2 inhibitor.
DFU has at least a 1000-fold specificity for Cox-2 relative to Cox-1
in tissue culture cells (54). RAC/MV7, RAC/Wnt-1. and RAC/Wnt-1
#9 were treated with varying concentrations of DFU for 48 h, and
culture supernatants were then assayed for P@Eose-dependent
inhibition of PGE, production was observed, with v DFU being
sufficient to reduce PGEproduction to approximately the same basal
Cox-2 level in all three cell lines (Fig. 7). Higher concentrations of DFU did
not cause any additional inhibition of PGEynthesis. The residual
PGE, production observed in all cell lines after inhibition of Cox-2
with DFU is presumed to reflect Cox-1 activity. Because the amount
. . . ' ‘ GAPDH of Cox-1-mediated PGEsynthesis is apparently constant in all three
cell lines, we conclude that the enhanced production of P®BE
Fig. 3. Cox-2 mRNA is increased in cells expressiligt-1. Total RNA was prepared Wm-_l-tranngrmed cells is attr!bUtable tO_ increased Cox-2 aCtIVItY’
from cells, and 20ug of each RNA sample were analyzed by Northern blotting a€onsistent with the observed differences in Cox-2 RNA and protein

described in “Materials and Methods.” The blot was probed sequentially with a murifgyels. Cell morphology was unaffected by treatment with DFU (data

Cox-2 probe and a murine GAPDH probe. Cox-2 signals were quantitated using t . .
program NIH Image and normalized to those obtained from GAPDH probing. Valuél%t ShOWI’l). The failure of DFU to affect morph0|09lcal transforma-

obtained are expressed relative to the control MV7-infected cell line in each cation of Wnt-1-expressing cells suggests that elevated prostanoid pro-
C57/MV7,100%; C57/Wnt-1,500%; RAC/MV7,100%; RAC/Wnt-1,174%; RAC/Wnt-1
#9, 327%.

>

| cstmvy
RAC/MV7
RAC/Wnt-1
RAC/Wnt-1 #9

! C57/Wnt-1

C57/MV7
RAC/MV7
RAC/Wnt-1
RAC/Wnt-1 #9

[ 4
‘ C57/Wnt-1

Cox-2 mRNA levels closely reflected the changes observed in Cox-2
protein (Fig. 3), suggesting the effect of Wnt-1 on Cox-2 was likely to
be due to transcriptional activation of ti@ox-2 gene. To test this
directly, nuclear run-on assays were performed. These and subsequent
assays were performed in the RAC311-derived cell lines in preference
to C57MG-derived lines, because the latter tend to \Wse-1expres-

sion during continuous cultufeThe rates of transcription from the
Cox-2gene in RAC/Wnt-1 and RAC/Wnt-1 #9 were increased to 270
and 400%, respectively, relative to that in RAC/MV7 (Fig. 4), mir-
roring the differences observed in Cox-2 RNA and protein. Thus,
expression ofWnt-1in RAC311, and most likely C57MG, causes
transcriptional activation of th€ox-2gene.

RAC/MV7
RAC/Wnt-1
RAC/Wnt-1 #9

Cox-2 is an inducible isoform of prostaglandin synthase (38). Thus, . e — il
one predicted functional consequenceCafx-2 up-regulation would COX 2
be an increase in prostaglandin synthesis, of which PGEthe
predominant eicosanoid produced by most epithelial cells. We there- - - - 1 8S rRNA

fore assayed PGproduction in RAC311-derived cell lines. Sponta- _. o ) .
. Fig. 4. Cox-2transcription is up-regulated in RAC311 cells expresaigt-1. Nuclei
neous production of PGEN RAC/Wnt-1 and RAC-Wnt/1 #9 was \ere prepared, and nuclear run-on assays were performed as described in “Materials and

increased by 240 and 420%, respectively, over thatin RAC/MV7 (Filyethods.” Labeled nascent transcripts were hybridized to 18S rRNACane2 cDNAs,

which were immobilized on nitrocellulose. Signals were quantitated using the program
NIH Image, and Cox-2 was normalized to 18S rRNA. Values obtained are expressed
4A. M. C. Brown, unpublished observations. relative to RAC/MV7.RAC/MV7,100%; RAC/Wnt-1267%; RAC/Wnt-1 #9399%.
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600 motif is only partial (ACTTTGATC and TCTTTGTAG compared
with CCTTTGA/TA/TC; Ref. 27). One of these sites is not conserved
[ SPONTANEOUS * in the murineCox-2promoter, and the other lies outside the sequence
sood | B AA SPIKED presently reported for the mouse promoter. To investigate the mech-
anism of regulation, we have performed transient transfection assays
using a human COX-2 promoter-luciferase reporter construct but thus
far have been unable to detect increased reporter activity as a result of
B-catenin overexpression. Thus, it is possible tBak-2transcription

may not be directly regulated kg+catenin/Tcf complexes but may be
activated inWnt-1-expressing cells by alternative transcription fac-
300 - tors. We also cannot exclude the possibility tBaix-2induction is a
more downstream or indirect consequence of Wnt signaling.

400

pg/ug protein

200

PGE2 CONCENTRATION

100

RAC/MV7
RAC/Wnt-1
RAC/Wnt-1 #9

S ¢
s =
[
0
o O

Cox-1

LAN/OVH
F-UM/OVH
6# I-lUM/OVH

GAPDH

Fig. 5. PGE production is increased by expressionvéht-1. Cells were grown for 5 “ . . .

days after plating to achieve confluence, during which time no medium change was_. )

performed. Growth medium from the cells was harvested and assayed using enzymEid- 6. Effect of Wnt-1 expression on Cox-1 mRNA. RNA was prepared, and a
immunoassay to measure spontaneous P@aduction (SPONTANEOUSght hatch- orthern blot was generated as des_cnbeq in “Materials and Methods using @beach

ing). Cells were incubated for an additional 30 min in fresh medium containingv.o RNA. The blot was probed sequentially with a muribex-1probe and a murine GAPDH
sodium arachidonate. The medium was then collected and assayed fotRGSPIKED, ~ Probe. Cox-1 signals were quantitated using the program NIH Image and normalized to
dark hatching). Results were normalizedtg of protein obtained from the cells after those obtained from GAPDH probing. Values obtained are expressed relative to the
harvesting of medium. Results shown are mean values of six replitesSD. PGE control MV7-infected cell line in each cas€57/MV7,100%; C57/Wnt-1,70%; RAC/
production from bothWnt-1-expressing cell lines was significantly greater than that froy!V7: 100%; RAC/Wnt-1,118%; RAC/Wnt-1 #9163%.

RAC/MV7 control cells ¢, P < 0.001;+, P < 0.003).

175

duction by Cox-2 is not necessary for maintenance of the transformed ---@--- RAC/MV7
phenotype of these cella vitro. _ _ 150 - I — @ - RAC/Wnt-1
We have shown here that expressionVght-1in two mammary
epithelial cell lines causes elevated expression and activity of Cox-2, +— RAC/Wnt-1 49
via transcriptional activation, resulting in increased RGFnthesis. 125 1
1004 &

|

The Cox-2 gene was initially identified as an early response gene
up-regulated in response to phorbol ester and serum and was subse-
quently found to be induced by multiple agents, particularly during
inflammatory responses (38). A large body of evidence has accumu-
lated implicating Cox-2 in intestinal carcinogenes)X-2 expres-
sion is frequently detected in tumor tissue (39, 40, 55-58), and the
incidence of intestinal tumorigenesis in both mice and humans can be
reduced by pharmacological agents that inhibit Cox activity (41, 42,
59-64). A crucial role foICox-2in tumorigenesis has been demon-
strated by Oshimat al. (1996; Ref. 42), who found that intestinal
polyposis in Apc mutant mice was markedly reduced by genetic
ablation of Cox-2. However,Cox-2 induction in response to Wnt
proteins has not been demonstrated previously. 0 — —— . .

The mechanism by which Wnt-1 activat€ox-2 transcription is 0 0.01 0.1 1
unclear. Given thaCOX-2 induction occurs in response tnt-1
expression andAPC mutation, both of which result in cytosolic DFU CONCENTRATION, UM
B-catenin accumulation, our initial expectation was that @uex-2 Fig. 7. Inhibition of PGE production by a selective Cox-2 inhibitor DFU. Cells were
promoter might be subject to direct regulation @yatenin/Tcf com-  treated with the indicated concentrations of DFU for 48 h. Culture medium was harvested
plexes. The humaiCOX-2 promoter contains two_potential Tcf- nae™eliis were nanmatzed g of proten obtained rom the cells ater harvesing
binding sites, although their overlap with the canonical TCF binding the medium. Mean values of two replicates are shdvars, spread.

1575

75 A

pg/ug protein

50 B

PGE, CONCENTRATION

Downloaded from cancerres.aacrjournals.org on October 24, 2020. © 1999 American Association for Cancer
Research.


http://cancerres.aacrjournals.org/

WNT-1 EXPRESSION ACTIVATESCOX-2 TRANSCRIPTION

BecauseWnt-1is a mammary oncogene, our data suggest that Christiansen, J. H., Monkley, S. J., and Wainwright, B. J. Murine WNT11 is a
_ _ : ; ; : _ secreted glycoprotein that morphologically transforms mammary epithelial cells.
C_ox 2up _regulatlc_)n ml_gh_t also cor_ltnbute to mammary tumotlgene Oncogene12: 2705-2711, 1996.
sis. Consistent with this ide&ox-2is expressed in ras- and virally 10. Shimizu, H., Julius, M. A., Giarré, M., Zheng, Z., Brown, A. M. C., and Kitajewski,

transformed mammary cells, as well as in some human breast cancerg. Transformation by Wnt family proteins correlates with regulatiog-otenin. Cell

. : f Growth Differ., 8: 1349-1358, 1997.
and breast cancer cell lines (47, 65, 66). Interestingly, despite ab'fﬂ'Young, C. S., Kitamura, M., Hardy, S., and Kitajewski, J. Wnt-1 induces growth,

dant evidence of the importance of Cox-2 during intestinal tumori- cytosolic g-catenin, and Tcf/Lef transcriptional activation in Rat-1 fibroblasts. Mol.
genesis, the precise mechanism by which Cox-2 contributes is un-Cell- Biol, 18: 24742485, 1998. ,

| landi d . . likel h Iti I12. Bafico, A., Gazit, A., Wu-Morgan, S. S., Yaniv, A., and Aaronson, S. A. Character-
clear. Prostaglandin overproduction is likely to have multiple ization of Wnt-1 and Wnt-2 induced growth alterations and signaling pathways in

consequences. Prostaglandins can exert local immunosuppressive eNIH3T3 fibroblasts. Oncogend.6: 28192825, 1998.

ili ; i it . Huguet, E. L., McMahon, J. A., McMahon, A. P., Bicknell, R., and Harris, A. L.
_fects that could fa_cmtate tumorigenesis (37, 67). Additionally Changég Differential expression of humawntgenes 2, 3, 4, and 7B in human breast cell lines
in gene expression can occur because selected prostaglandins arghd normal and disease states of human breast tissue. Cance5®Re§15-2621,

ligands of the peroxisome proliferator-activated recepio(68). 1994.

oY . . . . A4. lozzo, R. V., Eichstetter, I., and Danielson, K. G. Aberrant expression of the growth
Cox-2induction in tumors may promote survival of cells otherwisé factor Wnt-5Ain human malignancy. Cancer ReS5: 3495-3499, 1995.

destined to undergo apoptotic cell death; negative regulation of ap: pale, T. C., Weber-Hall, S. J., Smith, K., Huguet, E. L., Jayatilake, H., Gusterson,
optosis byCox-2 overexpression has been demonstrated in intestinal B. A., Shuttleworth, G., O'Hare, M., and Harris, A. L. Compartment switching of

. . . WNT-2 expression in human breast tumors. Cancer B&s4320—-4323, 1996.
eplthellal cells (69)' Recent data also demonstrate a role for COX'Zﬂ'ﬂ Bui, T. D., Rankin, J., Smith, K., Huguet, E. L., Ruben, S., Strachan, T., Harris, A. L.,

angiogenesis. Selective inhibition of Cox-2 reduces secretion of an- and Lindsay, S. A novel humawntgene WNT10B, maps to 12q13 and is expressed

iogenic factors from colon cancer cells, thereby suppresiimypvo in human breast carcinomas. Oncogelw, 1249-1253, 1997.
giog Yy Supp 17. Bergstein, I., and Brown, A. M. @NTgenes and breast canckr. A. M. Bowcock
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