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conditioned
ulate

Insulin-like

growth

factors

(lGFs) are potent

mitogens

182780 (ICI) increased
IGFBP-5 mRNA by 2-3-fold
in
9,1O-dimethyl-1
,2-benzanthracene-induced
mammary
tumors
in vivo. In vitro studies
showed
that growth
inhibition of MCF-7 human breast cancer cells induced
by ICI was associated
with
increased
transcription
of
the IGFBP-5
gene, increased
IGFBP-5 mRNA
abundance,
and increased
IGFBP-5 protein
accumulation
in the conditioned
medium. Growth
stimulation
following
estradiol exposure
was
associated with opposite effects. An IGFBP-5 antisense
oligodeoxynucleotide
significantly
decreased
IGFBP-5
accumulation
in conditioned
media and enhanced
MCF-7 cell DNA synthesis.
Furthermore,
this antisense
oligodeoxynucleotide
attenuated
both antiestrogeninduced IGFBP-5 accumulation
and antiestrogeninduced growth inhibition. These data demonstrate
that
estradiol
down-regulates
and ICI up-regulates
an
autocnne
IGFBP-5 growth
inhibitory
pathway
in MCF-7
cells and suggest that IGFBP-5 plays a role in
modulation
of proliferation of breast cancers
by
estrogens
and antiestrogens.
Introduction
IGF3-l and IGF-ll are potent mitogens
and inhibitors
of apoptosis for many normal and neoplastic
cell types (1). Both
IGF-l and IGF-lI have high affinity for IGFBPs. To date, six
IGFBPs have been characterized
(reviewed in Ref. 2). These
binding proteins are found in many physiological
fluids and
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tions

for breast cancer cells. Although IGF-binding proteins
(IGFBPs) are known to regulate access of IGFs to IGF
receptors,
their precise biological actions are poorly
defined.
We observed
that the potent antiestrogen ICI
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of a wide variety

bioactivity

in a complex

of cell types
manner.

and mod-

Although

the

IGFBPs are known to influence access of lGFs to their receptors, their precise physiological
roles remain unclear, and
both stimulatory
and inhibitory
effects on cellular proliferation

Abstract

media

IGF

been

reported

under

various

experimental

condi-

(3-7).

The human IGFBP-5 gene is divided into four exons which
span 33 kb of DNA (8). IGFBP-S was originally purified from
rat serum
human

(9), human

bone

osteoblast-like

(1 0), and medium

cells

(1 1). IGFBP-5

conditioned

has been

by

shown

to

potentiate
(1 0, 12) or inhibit (5) IGF action under specific
experimental
conditions.
The different
effects of IGFBP-5
observed in various experimental
systems may be related to
differences
in posttranslational
modification
of IGFBP-5 (13)
or to differences
in extracellular
matrix interactions
(14).
SV4O transformation
provides an example of stimulation
of
proliferation
correlated
with decreased
IGFBP-5
synthesis
and increased
Antiestrogens

cellular
responsivity
are widely
used

and it has been proposed
genes involved in regulation
to their

antiproliferative

to IGFs (1S).
in breast cancer

treatment,

that effects of these drugs on
of IGF bioactivity
may contribute
activity

(16-1

8). For

example,

the

uterotrophic
actions
of tamoxifen
are correlated
with upregulation
of IGF-l expression
and down-regulation
of
IGFBP-3 expression,
whereas the complete
antiestrogen
ICI
(1 9), which causes uterine involution,
is associated
with opposite effects (20).
The first example
of stimulation
of an autocrine
growth
inhibitory loop by an antiestrogen
concerned
tamoxifen
stimulation

of transforming

growth

factor

3 secretion

(21).

More

recently, IGFBP-3 has been implicated
in antiestrogen
action
(7). In this report, we describe
experiments
designed to evaluate the role of IGFBP-5 gene expression
in the modulation
of proliferation

of estrogen

cells by estradiol

receptor-positive

breast

cancer

and antiestrogens.

Resufts
Effects of ICI on IGFBP-5
Gene Expression
in DMBAinduced Mammary
Tumors.
A prior study (1 9) described
the antineoplastic
activity of ICI on DMBA-induced
mammary tumors. Fig. 1 illustrates the effect of ICI on the abundance of IGFBP-5 mRNA in this tumor model. Baseline expression
of the IGFBP-5
gene in DMBA-induced
breast
tumors was stimulated
approximately
2-3-fold
by ICI. This
motivated
studies of the role of IGFBP-S in the regulation
of
breast cancer cell growth in vitro.
Effects of Estradiol and ICI on IGFBP-5
Gene Expression in MCF-7 Breast Cancer Cells. Northern blot analysis
revealed significant
effects of estradiol and ICI on IGFBP-S
mRNA abundance.
Densitometric
scanning of Northern blots
revealed
that IGFBP-S mRNA abundance
was more than
7-fold

higher

in controls

than

in cells

exposed

to 1 0_b

M
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of IGFBP-5

A

BP-5--.-

estradiol

and

exposed

to

gene

expression

mum

inhibition

expression

ww

opposite

of the

demonstrated
C

to that

that

of IGFBP-5

gene

3), and studies
mRNA-specific
IGFBP-5

mRNA

ditions
(data

and

was

was

of 1 0

run-off

the

to controls

message
stability
inhibitor
5,6-dichloro-1

altered

assay

decreased

relative

demonstrated

not

ICI

estradiol

0 M

2). A nuclear
and estradiol

approximately

Effects of Estradiol

Fig. 1. Effect of ICI on IGFBP-5 mRNAabundance
in DMBA-induced
mammary tumors.
Blots were performed
using pooled total RNA from three
independent
groups of vehicle-treated
(Lanes 1-3) or ICI-treated
(Lanes 4-6)
DMBA-induced
mammary
tumors. Each lane represented
each group which
consisted
of four tumors. Total RNA was extracted,
and Northern blot analysis was performed
as described
in “Materials
and Methods”
using the
IGFBP-5 probe (A) and a -actin
probe as a loading control (B). The bands
corresponding
to IGFBP-5 were quantified
using densitometric
scanning and
then corrected
for equal loading using (3-actin mRNA (C). For ICI-treated
groups, all groups yielded IGFBP-5 mRNA abundance
significantly
different
from those of controls (P < 0.05, Mann-Whitney
U test).

gene
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(Fig.
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that the half-life

12 h under
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from
were
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bofuranosylbenzimidazole
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excess
coninhibitory
effects
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(Fig.

of IGFBP-5
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IGFBP-5

of ICI on IGFBP-5

effect

ICI increased

gene

values
inhibited

manner,

The effect

M.

the suppressive

on expression
rate

10

mRNA
abundance,
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the
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control
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centration

double
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Cell

and ICI on IGFBP-5

Conditioned

Media.

Accumulation

Conditioned

cells grown
in the presence
of estradiol,
assayed
for IGFBP-5
using
Western

MCF-7

cells

growing

28,000-30,000
(Fig.

4). Estradiol

pared

to controls,

IGFBP-5

protein

lCl exposure

medium

as determined

treatment

reduced

(Fig. 4). Thus,
accumulation

was consistent

released

the

by Western
IGFBP-5

ICI treatment

whereas

accumulation

in IGFBP-5

in SEPF

IGFBP-5

media

ICI, or both
blot analysis.
Mr

blotting

levels

com-

markedly

increased

the direction

of change

associated

with estradiol

with the direction

of change

or

in

A
Fig. 2. Effect of estradiol
and
ICI on IGFBP-5
mRNA
abundance
in MCF-7
cells. MCF-7

BP-5-B
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cells
at 85-90%
confluence
were grown in SEPF medium for
24 h. Cells were then treated
with indicated
doses of estradiol, ICI, or 10_b
M estradiol
plus various
doses
of ICI for
48 h. Cytoplasmic
RNA was collected, and Northern
blot analysis was performed
as described
in “Materials
and Methods”
using the IGFBP-5
probe (A) and a
f3-actin probe as a loading control (B). The bands corresponding to IGFBP-5
were quantified
densitometrically
and corrected
for equal loading (C). Means of
quadruplicate
experiments
are
plotted. Individual
films were exposed for the 1 7j3-estradiol
(E2),
ICI, and ICI plus 17f3-estradiol
sets of data, and a control
is
provided
for each group.
Because of exposure
differences,
comparisons
are possible
only
within groups.
For the estradiol
and
ICI-treated
groups,
all
concentrations
tested
yielded
IGFBP-5 mRNA abundance
[estimated
in arbitrary
density units
(ADU)]
significantly
different
from those of controls (P < 0.05,
Mann-Whitney
U test). Bars, SE.
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hibition
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significantly

this

effect

(Fig.

in the presence
of
The scrambled
signif-

or thymidine
M ICI, thymi-

1 0_b

54 ± 1 1 % of control

antiestrogen-induced

attenuated

oligodeoxynucleotide,
of the scrambled
antisense

no significant

of

was

af-

MCF-7

was without

cells

that

not

Basal

accumulation

presence

by MCF-7

were

shown).

oligodeoxynucleotide

(Fig.

cell-conditioned

levels

was nearly double
oligodeoxynucleotide.

values,
antisense

oligodeoxynucleotide

IGFBP-2
not

ananti-

the consequences
IGFBP-5
secretion.

this

(data

to the

an IGFBP-5

in MCF-7

and

either

incorporation

tration

that

treatment

IGFBP-5

used

to examine
ICI-stimulated

5). IGFBP-3

effect

contributes

we

accumulation

thymidine
incorporation
the antisense
IGFBP-5
cant

3.

drug,

confirmed

this

antisense

0
-.

in

4).

sense oligodeoxynucleotide
of reducing
basal
and

0

was performed
ICI concentration

Effects of IGFBP-5 Antisense Oligodeoxynucleotides
on MCF-7 Cell Proliferation.
To determine
whether
the
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tween the stimulatory
effects
of estradiol
and the inhibitory
effects
of CI was demonstrated
by a series of titration
experiments,
exemplified
by the shift to the right of the ICI

A

Co

& Differentiation

by

in-

1 0 jig/mI

IGFBP-5

whereas
an equal
oligodeoxynucleotide

concenhad

5).

U-

CD

Discussion
We

C

E2

demonstrate

Id

mRNA
Fig. 3.
IGFBP-5
medium

Effect of estradiol
and ICI on the
gene. MCF-7
cells were grown in
for 24 h. Cells were treated with either
as control (C) or 1 0 10 M estradiol (E2) or 10
red-free
medium
for 48 h. Nuclear
run-off
described
in “Materials
and Methods.”
Bars,

rate of transcription
of the
serum-free
phenol red-free
serum-free
phenol red-free
M ICI in serum-free
phenol
assays were conducted
as

SE.

accumulation

inhibitory
a 48-h
related

labeled

levels. Coincubation
or estradiol-treated

IGFBP-5

IGFBP-5

revealed

proteolysis

though
IGFBP-5
fibroblasts
(22).

(data

Relationship

of Effects

Expression

pected,

treatment

resulted

in a dose-dependent

block

growth

inhibitor

tion.

There

r

-0.71,

=

estimated

by

thymidine

activity

even

is well

cells

therefore

estradiol

in DNA synthesis

in the complete

absence

a significant

P <

0.01)

by Western

growth,

in the absence
negative

between
blotting

incorporation.

correlation

IGFBP-5

acts

for

Stimulation

as

in the

for

of IGFBP-5

proteolytic

variable

gene

mRNA

in our experimental
data

suggest

vironment

may

have

as

as estimated
be-

of

(23), apart
IGF

have also
strate that
the

(Spearman,

mRNA

the

early

half-life.

direct
from

been proposed
IGFBP-5
gene

influences

stimulate

cells
but

Although

not

secretion

determinant

of

media in other expernot to be an important

IGFBPs

proliferation.
cellular

in the extracellular

(IGF-independent)
classic

actions

Intracellular

actions
related

and

enon tar-

to modula-

actions

(24). Although
our
expression
is involved

of estrogens

or inhibit

in MCF-7

model.
that

bioavailability.

effects

effect of ICI
gene expres-

synthesis

is an important

cell proliferation,
additional
data
needed
to elucidate
the pathway
sion

that

cells after

unrecognized

expression

IGFBP-5
activity

Recent
get cells

a

we show

a previously

IGFBP-5
accumulation
in conditioned
mental systems
(22), this was found

tion

dose

effect on
IGFBP-5

by MCF-7

loop, and the antiproliferative
to up-regulation
of IGFBP-5

of IGFBP-5

stimula-

competition

inhibitory
in part

for

MCF-7
does not

accumulation

and proliferation
Evidence

but

IGFBP-5
is related

IGFBP-5

(Fig.
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and antiestrogen
action:
estradiol-stiminvolves
relaxation
of an autocrine

changes

of estro-

of estrogenic

evidence

al-

As exfor 48 h

increase

provide
of estrogen
proliferation

sion.

of ICI using

to have an inhibitory
tumors
(1 9) induced

in vivo. Furthermore,
of ICI on DNA synthesis

increased

and ICI on IGFBP-5

with

action

by ICI involves

documented

(SEPF conditions),
ICI suppressed
indicating
that this compound
even

of

system,

on Proliferation.

estrogen-stimulated

was

of modulation
in this

of Estradiol

of MCF-7

genic stimulation
cell proliferation,

shown)

to Effects

4C). Of importance,

merely

not

proteolytic

Gene

of conditioned
media
MCF-7
cells with 1251

no evidence

administration

exposure
to the drug under serum-free
conditions
is
to stimulation
of IGFBP-5
gene expression.
Our data

aspect
ulated
IGFBP-5
mRNA
from
Cl-treated

that

and route previously
shown
DMBA-induced
mammary

of

IGFBPs

data demonin mediating

antiestrogens
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studies
will be
by which IGFBP-5
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Fig. 4. Effects of estradiol
and ICI on MCF-7 cell DNA synthesis
and on the IGFBP-5
concentration
in MCF7 cell-conditioned
media. MCF-7 cells at
85-90%
confluence
were grown in SEPF medium for 24 h. Cells were then treated with indicated
doses of estradiol
(E), Id, or 1 0 10 M estradiol
plus various
doses of ICI for 48 h. Western
blothng
of conditioned
media (from equal cell number)
was performed
as described
in “Materials
and Methods.”
Representative
results are shown in A and densitometric
quantification
(mean) is shown in B. The order of the lanes in A corresponds
to the order of
experimental
conditions
(from left to right) in B. C, proliferation
rates estimated
by thymidine
incorporation
for each experimental
condition.
The means of
quadruplicate
experiments
are plotted.
SEM at each point was 14%.
Bars, SE.

mental
systems
there are poorly

(reviewed
in Refs. 2 and
characterized
complexities

tion and/or that in vitro experiments
in vivo physiology.
Certain systems

may

25) suggests
in IGFBP-5
incompletely

that
ac-

anisms

Animals

paracrine,
tors. This

duced
study

particularly

in view

of data

suggesting

that

to IGF-l
cancers

recep-

in vivo,

human

breast

cancer
is responsive
to IGFs (26) and that autocrine
or paracrine sources
of IGF-ll are involved
in breast cancer
pathophysiology
IGFBP-5

(27,

28). The

physiology

importance

relative

of the

to previously

effect
described

antiestrogen

action

(7, 1 9, 29) remains

to be de-

model

(e.g. , see Refs. 5 and 1)
support the view that IGFBP-5 acts as a growth inhibitor
simply
by reducing
the availability
of IGFs from autocrine,
or endocrine
sources
for binding
may be the case for certain
breast

of

termined.

of ICI on
mech-

Materials

and
and

Methods

Drug

Administration.

We used the standard

mammary
tumor experimental
model
by the McGill Animal
Care Committee.

DMBA-

in-

(30) after approval
of this
Rats bearing
mammary

tumors received
s.c. injections
of 5 mg ICI (Ref.19; kindly provided
by Dr.
A. Wakeling,
Zeneka Pharmaceuticals)
in 0.2 ml peanut oil once daily on

2 consecutive
All animals
treatment.
stored

days. Control rats were s.c. administered

0.2 ml peanut oil.

were sacrificed
by CO2 exposure
7 days after the first day of
The tumors
were excised
and frozen in liquid nitrogen
and

at -75’C

for subsequent

RNA isolation.
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B

system (Amersham).

C)

a.
0

15

Beverly,
MA). Total proteins
were resolved
by electrophoresis
in a 12%
denaturing
polyacrylamide
gel, and proteins
were electroblotted
to nitrocellulose
membranes.
Immunoblot
analysis with polyclonal
antibodies
against human IGFBP-5
(United Biomedical,
Inc., Lake Placid, NY), and
horseradish
peroxidase-conjugated
antirabbit
antiserum
(Amersham,
Oakville,
Ontario,
Canada)
were performed
using standard
protocols.
Western
blots were visualized
by a chemiluminescence-based
photoblot

A

-

& Differentiation

Nuclear
Run-off Assay.
MCF-7 cells were treated with either 1 0 0
estradiol
or 108
M ICI for 48 h. Nuclei were isolated, and nuclear run-off
assays for IGFBP-5 and actin were performed
as described
(31).

M

‘1

w

Acknowledgments

C

.2
0

I

.

z

‘S

0

lOS

5AS

1OAS

0

C

lOS

5AS

1OAS

+1010MICI

We thank Dr. Alan Wakeling
for ICI 1 82780,
Dr. S. Shimasaki
IGFBP-5
cDNA, and Peter Wilkinson
for manuscript
preparation.

Cell Culture and Thymidine
Incorporation
purchased
from Sigma (St. Louis, MO). MCF-7

were maintained

and allowed to proliferate

Assay.
1 7(3-Estradiol
was
human breast cancer cells
in serum-free
conditions
as

described
(7). Cells were cultured
for 48 h in the presence
or absence
of
various concentrations
of compounds
under study, as indicated
in the
legends
to Figs. 1-5. Conditioned
media were collected,
concentrated,
and assayed
for IGFBP-5
using Western
blots. The effect of scrambled
antisense
and antisense
IGFBP-5
phosphorothioate
oligodeoxynucleotides on cellular
proliferation
was studied
under the same conditions,
except that incubation
prior to measurement
of thymidine
incorporation

was for 48 h. The antisense

oligodeoxynucleotide

was a 21 -mer (5’-

CGCAGTGCACGAGGAGCCCA-3’)
corresponding
to nucleotides
1171 38 of the human IGFBP-5
mRNA (9). The scrambled
antisense
oligodeoxynucleotide
was similar to the antisense
sequence
with a substitution
of
one different
base per every four bases. The phosphorothioate
oligodeoxynucleotides
were prepared
by the Oligos Etc. (Wilsonville,
OR). Thymidine incorporation
was measured
as described
previously
(7). Experiments were carried out in triplicate.
Northern Blot Analysis.
MCF-7 cells were treated as for measurement of thymidine
incorporation.
RNA extraction
(from DMBA-induced
mammary
tumors and cells) and Northern
blot analysis were performed
as
described
previously
(17). Blots were hybridized
with the rat IGFBP-5

cDNA probe (9). This probe hybridizes

to both human and rat IGFBP-5

mRNA. To control for equal loading of wells, blots were rehybridized
with
human f3-actin cDNA (American
Type Culture Collection).
Western
Blotting.
Conditioned
medium
(from equal cell number) was
concentrated
20 times by a Centricon
1 0 microconcentrator
(Amicon,

rat
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