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Effect of Wnt-1 antisense RNA on the outgrowth
of a mammary adenocarcinoma cell line
expressing that oncogene

J Polanec, Z P Pavelic,W L Myers

Abstract
Aims-To investigate the effect of Wnt-1
antisense RNA on the outgrowth of a
mammary tumour cell line expressing
that oncogene.
Methods-A plasmid (pMT 70), contain-
ingWnt-1 cDNA, was cut with appropriate
enzymes and inserted into a eukaryotic
expression vector (pMAMneo). A mam-
mary tumour cell line (CAC-L153) was
transfected with the expression vector and
cells with the vector in sense and antisense
orientation were selected.
Results-Tumour cells with the expres-
sion vector in the antisense orientation
had a notable reduction in expression of
Wnt-1 protein and a considerable reduc-
tion in tumour outgrowth compared with
controls.
Conclusions-The results indicate that
the Wnt-1 proto-oncogene may be a
possible target for antisense therapy.
(7 Clin Pathol: Mol Pathol 1996;49:M166-M169)
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Mouse mammary tumour virus (MMTV)
induces mammary tumours in several strains of
mice by insertion at crucial sites in the cellular
genome.' This insertional mutagenesis acti-
vates cellular proto-oncogenes by using the
long terminal repeat (LTR) region ofMMTV
to alter expression of the nearby proto-
oncogene. The first gene identified as an
MMTV activated proto-oncogene was int-i 2

The gene was later renamed Wnt-1 because it
encodes a secretory protein similar to that pro-
duced by the Drosophila wingless gene.3 The
Wnt-I gene is located on mouse chromosome
15 and like the progenitors of viral oncogenes,
has been conserved during evolution.4 In the
mouse, Wnt-1 is expressed normally only in
round spermatids of adult testes and the neural
tube of midgestation embryos.5
TheWnt-1 gene encodes a 36 000 molecular

weight product. This protein and three others
with molecular weights ranging from 38 000 to
42 000 can be found in cells with Wnt-1
activation. The three larger proteins represent
different glycosylated forms of the 36 000 pre-
cursor. A monoclonal antibody directed
against Wnt-1 peptide A has been found to
immunoprecipitate all four protein species
from cell extracts.6 The Wnt-1 gene encoded

glycoproteins enter the secretory pathway7 and
while the cellular function ofWnt-I is largely
unknown, its role during embryogenesis has
been studied. Inactivation of theWnt- 1 gene by
homologous recombination results in loss of an
entire area composed of most of the midbrain
and part of the metencephalon.8

In order to support the hypothesis that
Wnt-I plays a significant role in MMTV
induced mammary tumorigenesis, a number of
groups have investigated the transforming
effects of the gene on mammary epithelial cells.
When mammary epithelial cells are infected
with a recombinant retrovirus expressing
Wnt-1, they undergo striking morphological
changes, unrestricted growth at high cell
density, and focus formation when grown as a
monolayer. However, the cells were not tum-
origenic in vivo.9 If a cloned mammary tumour
cell line of low tumorigenicity is transfected
with a Wnt-1 expression construct, there is a
pronounced morphological transformation of
the cells that is well correlated with Wnt-1
expression. The transformed cells are highly
tumorigenic.'0 Using transgenic mice carrying
a Wnt-1 allele and expressing high levels of
Wnt-1 RNA in mammary and salivary glands,
it has been possible to show that all female
mice and some male mice develop systemic
mammary hyperplasia and, subsequently, focal
mammary tumours. The tumour formation
was accelerated by pregnancy."
We were interested to understand what role

Wnt-1 expression might be playing in the in
vivo growth potential of the transformed mam-
mary tumour cells. To investigate the biological
functions of a gene product, it is usual to rely
on naturally occurring mutants of the gene.
The in vitro generation of such gene mutants is
restricted by the diploid nature of most genes
and the difficulty of mutant selection. The use
of antisense RNA expression provides a means
of generating phenocopies of a null mutation of
the targeted gene and thus assessing its contri-
bution to cell phenotype.'2 '3 While it is also
possible to inhibit gene products with short
pieces of DNA (oligodeoxynucleotides), they
seem to work by many mechanisms, of which
gene mRNA sequence specific binding by anti-
sense DNA is one.'4 15 Thus, if one wishes to
study the biological role of a selected gene by
antisense application of a targeted oligodeoxy-
nucleotide, the experimental design and inter-
pretation of results becomes much more com-
plex than that for antisense RNA. In the
present study we examined the effects of
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antisense RNA from a Wnt-l plasmid con-
struct on the expression of theWnt-1 gene in a
mouse mammary epithelial tumour cell line.

Methods
CELLS
CAC-Li 53 cells with dexamethasone induc-
ible Wnt- 1 expression were kindly provided by
R Nusse (Stanford University Medical Center,
Stanford, California, USA). This cell line,
which was isolated from a mammary adenocar-
cinoma transplanted in a C3H mouse, has
been characterised previously.'6 Cells were cul-
tivated in DMEM supplemented with 10%
fetal bovine serum, 10 ,ug/ml insulin, and anti-
biotics at 37°C in a 5% CO2 atmosphere.
When Wnt-1 expression was required, 0.4
,ug/ml dexamethasone was added.

PLASMID CONSTRUCTION
Plasmids containing the Wnt-1 encoding se-
quence cloned in the antisense or sense orien-
tation were constructed as follows: the pMT 70
clone of the pSP6 vector with the Wnt-1 gene
inserted in the BamHl site was obtained from
the American Type Culture Collection (Rock-
ville, Maryland, USA). The gene was cut out
with EcoRI and HindIII and inserted into
pBluescript II KS vector (Stratagene, Lajolla,
California, USA). This construct was used to
obtain the Wnt-1 gene with Xbal restriction
consisting of one Xbal site derived from the
polylinker segment ofpSP6-and the other Xbal
site from the pBluescript polylinker. The Xbal
cut insert was inserted into the Nhel site of
pMAMneo expression vector (Clontech, Palo
Alto, California, USA) which has a dexametha-
sone inducible promoter. The orientation of
the clones was determined by Clal digestion.

DNA TRANSFECTION
The CAC-LI53 cell line was transfected with
either sense or antisense plasmid constructs by
using liposome mediated delivery (Lipofectin
Reagent, Gibco-BRL, Gaithersburg, Mary-
land, USA). Transfected tumour cells were
grown in complete medium for 72 hours
before the addition of selection medium.
Transfectants were selected for resistance to
medium containing up to 400 ,ug/ml Geneticin
(G418 sulphate). After 30 days of culture in
selection medium, drug resistant cells were
cloned by limiting dilution in selective me-
dium.

In order to demonstrate that CAC-L153
cells transfected with the antisense plasmid
were genuinely producing antisense mRNA for
the Wnt- 1 gene, a ribonuclease protection
assay was carried out. A cRNA probe was syn-
thesised using 5 ,ug linearised plasmid and
200 jCi [32P] cytidine triphosphate. The
pBluescript II KS-, containing the Wnt-1 gene
as a HindIII/EcoR 1 fragment, was linearised
and transcribed with T3 polymerase to yield a
240 nucleotide long sense transcript contain-
ing the 5' region of the Wnt- 1 gene, the
complete exon 1 (104 nucleotides) and 47
nucleotides of the T3 polylinker site.
The specific activity of the probe was 7 x 1 o8

cpm/,g. Either 10 or 30 gg dried total RNA
from the pMAMneo antisense transfected

CAC cell line or 30 ,ug from the parental CAC
cell line, extracted using a standard method,'7
were mixed with the cRNA sense probe for the
Wnt-1 gene (1 x 106 cpm) in 24 gl deionised
formamide and 6 jl 5x hybridisation buffer.
The mixtures were heated at 85°C for five
minutes, and hybridised at 37°C for 12 hours.
After hybridisation, the remaining single
stranded RNA was digested with 14 jg RNase
A and 100 units of RNase Ti in 350 jl RNase
digest buffer for one hour at 25°C. RNase was
then digested with 10 jl of 10 ,ul/ml proteinase
solution plus 20 gl of a 10% SDS solution at
37°C for 30 minutes. Protein was then
extracted with 200 gl phenol and 200 ,ul
chloroform. RNA hybrids were precipitated
from the aqueous phase in 1 ml 100% ethanol
after addition of 1 gl yeast tRNA (10 mg/ml).
The sample was centrifuged and the superna-
tant aspirated. The pellet was dried in a
vacuum centrifuge and then resuspended in 10
,ul RNA loading buffer. Samples were heated at
85°C for five minutes, loaded onto a 6%
polyacrylamide/8 M urea sequencing gel and
electrophoresed at 2500 volts for one hour.
After electrophoresis, the gel was transferred to
Whatman filter paper, dried under vacuum,
and visualised using x ray film and an
intensifying screen at -70°C for 12 hours.

WESTERN IMMUNOBLOTTING
Wnt-1 protein expression was evaluated using
cell membrane preparations from control and
transfected cells. Cell membranes were pre-
pared by sonification of cells at a concentration
of 10 x 106/ml in 50 jM Tris buffer (pH 7.6)
containing protease inhibitors, followed by
centrifugation at 4000 x g for 10 minutes in a
microfuge. The pellet was resuspended in Tris
buffer, and aliquots stored at -70°C pending
analysis. Standard SDS polyacrylamide gel
electrophoresis, using a Proetean apparatus
(BioRad), was carried out using a 12% resolv-
ing gel under reducing conditions and 50 jg
protein per lane. Proteins were transferred to
nitrocellulose using a Tran-Blot SD apparatus
(BioRad) run at approximately 3 mA/cm2 for
30 minutes. The nitrocellulose membrane was
then washed three times for 15 minutes in
membrane blocking reagent (phosphate buff-
ered saline containing 5% non-fat dried milk
and 0.01% Tween 20) to remove the transblot-
ting buffer and then blocked for one hour in
the same reagent. After washing, blots were
incubated overnight at 4°C with a 1 in 10 dilu-
tion of a hybridoma culture supernatant
containing monoclonal antibodies directed
againstWnt-1 peptide A (kindly provided by A
Brown, Cornell University Medical College,
New York, New York, USA). A control without
the primary antibody was also run. After incu-
bation with the primary antibody, blots were
rinsed and treated for one hour with 50 jCi
rabbit-antimouse lgG-"5I (Dupont, Boston,
Massachusetts, USA). The blots were rinsed
again and then exposed to x ray film overnight.

TUMOUR OUTGROWTH ASSAY
The growth rates of the original and trans-
fected CAC cell lines were determined using
five week old female C3H/HeN mice. Groups
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Figure 1 Ribonuclease protection assay. Lane 1, 30 mg total RNA from untransfected
CAC-L153 cells; lane 2, 30 mg total RNA from CAC-L153 cells transfected with
pMAMneo expression vector in antisense orientation with a protected RNA band of 10
nucleotides in size (arrow); lane 3, as in lane 2 except 10 mg total RNA was used.

42kD '}'.
Figure 2 Western blot for Wnt 1lprotein using 50ug extracted cell membrane protein per

lane. Lane 1, GAG L153 cells transfected with pMAMneo expression vector in antisense

orientation; lane 2 as in lane 1 except in sense orientation; lane 3 GAGLl53 cells without

transfection; lane 4, as in lane 3 but without incubation with primary antibody

of 10 mice were each injected subcutaneously

with ' x i0' or 1.2 x 10
'
live cells for each con

trol and treated group. Tumour outgrowth was

monitored at one week intervals by serial mea-
surements of two perpendicular tumour diam-
eters with Vennier calipers. The data are
reported as group mean tumour diameter in
mm ± SEM. The significance of any differ-
ences between groups was determined by t sta-

100 tistics for two independent means.

Results
RIBONUCLEASE PROTECTION ASSAY
Transcription of antisense Wnt- 1 mRNA was
confirmed in the ribonuclease protection assay
using total RNA from transfected clones of
CAC-L153 cells. A protected RNA fragment
of approximately 100 nucleotides was the
major band detected in the total RNA from the
antisense pMAMneo transformants (fig 1,
lanes 2 and 3). This band corresponds closely
with the length of the exon 1 region of the
Wnt-1 gene used in the cRNA sense probe. No
bands were detected using the total RNA from
untransfected CAC-L153 cells (fig 1, lane 1).

o
WESTERN IMMUNOBLOTTING FOR DETECTION OF
WNT-1 PROTEINS
The expression ofWnt- 1 protein products was
found to be noticeably diminished in cellular
extracts from antisense 1pMAMneo transfor-
mants (fig 2, lane 1) compared with cellular
extracts from sense transfected and non-
transfected CAC-L153 cells (lanes 2 and 4,
respectively). The twoWnt-1 proteins detected
here with apparent molecular weights of 40
and 42 kilodaltons represent glycosylated
derivatives of the 36 kilodalton precursor
protein. When the blot of extract from

E CAC-L153 cells was not treated with the
primary antibody, no comparable protein
bands were detected (fig 2, lanes 3 and 4).

TUMOUR OUTGROWTH ASSAY FOR CAC-L153
CELLS
The growth rate of CAC-L153 cells trans-
fected with the pMAMneo expression vector
containing Wnt- 1 cDNA in antisense orienta-
tion was significantly reduced compared with
untransfected CAC-L153 cells (p < 0.01) or
CAC-L153 cells transfected with pMAMneo
in sense orientation (p < 0.01) at two, three
and four weeks post-transplant (fig 3). The
dose of CAC-Li53 antisense transfected cells
required to produce minimally detectable
tumour growth in the fourth week was more
than double (5 x 105 v 1.2 x 106) that for sense
transfected or untransfected cells. Even with a
dose of 1.2 x 106 cells, antisense transfected
cells had a latent period of at least three weeks
for minimally detectable tumours. Tumours
could be detected in animals injected with
sense transfected or untransfected CAC-LI53
cells within one week.

Discussion
We have shown that the down regulation of
Wnt- 1 expression significantly reduces the
tumour outgrowth of mammary adenocarci-
noma cells with this gene activation. These
results are in agreement with other studies that
have shown that one of the effects of antisense
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Figure 3 Growth of CAC-L153 control or transfected cells in vitro. Groups of 10 mice
were each injected subcutaneously with either 5 x 105 (A) or 1.2 x 1 o6 (B) of (sense or

antisense) transfected or untransfected (none) CAC-L153 cells. At one week intervals the
group mean tumour diameter ± SEM (bars) was determined for each group and treatmen
Significant differences (p < 0.01) between treatments are indicated by an asterisk.

RNA targeted to other activated oncogenes i
transformed cells is to reduce tumorigenici
when the cells are transplanted.'3 17

More than one mechanism may be invoke
in interpreting the role of the Wnt-1 gene i
maintaining tumorigenicity.Wnt- 1 protein mo
be a growth factor for mammary epithelial cel
or it may down regulate the receptor for
negative growth factor, as proposed by Lin
al.'9 While the Wnt-1 protein is secreted,
seems to be bound to the cell membrane20
extracellular matrix21 and probably has loc
effects in the mammary gland. In cells expres
ing Wnt-1 antisense RNA, the loss of growi
advantage may lead to cell death resulting fro:
apotosis or increased susceptibility to the cyti
toxic effector mechanisms of the host. 12

The failure of CAC-LI153 antisense tran
fected cells to give rise to local tumour follov
ing subcutaneous injection with 5 x 1 05 li,
cells, but not 1.2 x 106 cells, suggests that ti
requirement forWnt-1 expression can be ove

come at higher cell densities. This ability 4
high cell numbers to produce tumours m-

depend on other cellular factors independez
of Wnt-1 expression. An alternative explan
tion would be that as the antisense transfecte
cells still express residual levels of Wnt
protein (fig 2), higher cell densities produl
sufficient Wnt-1 protein to sustain a smi

responsive subpopulation capable of tumoi
formation. This alternative explanation is suj

ported by the observation that the anima

injected with 1.2 x 106 antisense transfected
cells had much longer latent periods before
tumour appearance than animals injected with

c 1.2 x 106 untreated or sense transfected CAC-
A L153 cells.

New cancer treatments aimed at the specific
down regulation of growth factors and other
proteins produced by oncogenes are now

underway. One of the promising targets for
specific therapy is mRNA, the activity of which
can be down regulated by using a RNA or

DNA antisense strategy. Our data suggest that
in tumour cells with Wnt-I expression, the

4 Wnt-1 oncogene may provide a specific target
for effective antisense therapy.
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