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IGFBP-3 MEDIATES RA- AND TGF-B2-INDUCED CELL GROWTH INHIBITION
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Fig. 2. Effect of RA (A) or TGF-B2 (B) on IGFBP-3 and IGFBP-4 concentrations in CM of MDA-MB-231 cells. Representative Western ligand blots of CM from cells incubated
in DMEM alone or with either 0.01-0.5 uM RA (A) or 0.01-5 ng/ml TGF-B2 (B). CM harvested from triplicate wells within each experiment were pooled and size fractionated using
SDS-PAGE and electroblotted onto nitrocellulose filters. A representative gel from one of three experiments is shown. A densitometric analysis of the bends was performed. C, effect
of RA or TGF-B2 on IGFBP-3 and IGFBP-4 mRNA levels. Cells were grown until 90% confluent and incubated in serum-free media or serum-free media containing 0.5 um RA or
5 ng/ml TGF-B2. Total RNA was extracted after 24 h and analyzed using Northern blots. A representative blot from two separate experiments is shown. Lanes I and 2, RA-treated

cells; Lanes 3 and 4. untreated cells; and Lanes 5 and 6. TGF-B2-treated cells.

The effect of exogenous recombinant human nonglycosylated
IGFBP-3 on cell growth is shown in Fig. 3. Treatment of cells with
0.5-20 nm recombinant human IGFBP-3 for 5 days resulted in a
dose-dependent reduction in cell number, with a 40% decrease at 20
nM IGFBP-3. Since MDA-MB-231 cells are IGF-I negative (21), this
cell growth inhibition could not be attributed to the formation of
IGF-I-IGFBP-3 complexes, but indicated an IGF-independent action
of IGFBP-3 on cell proliferation.

An antisense ODN strategy was used to investigate whether
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Fig. 3. Effect of exogenous recombinant IGFBP-3 on MDA-MB-231 cell growth. Cells
cultured in DMEM alone were treated with IGFBP-3 at concentrations between 0.5 and
20 nM. Results represent the means of three separate experiments performed in triplicate.
*, P < 0.0S. Bars, SE.

IGFBP-3 mediates RA and TGF-B2 inhibition of MDA-MB-231 cells.
We first assessed the effect of IGFBP-3 ODN on basal IGFBP-3
levels. Treatment with 0.01-20 pg/ml antisense, but not sense, re-
duced basal IGFBP-3 concentrations in CM by 80% (data not shown).
At the same time, antisense and sense ODNs did not significantly
affect IGFBP-4 levels. When cells were treated with RA (0.5 um),
IGFBP-3 mRNA and protein increased 2-3-fold with RA alone
(mean, 2.49 and 2.21, respectively), but this increase was markedly
inhibited by the simultaneous addition of antisense ODN (Fig. 4, A
and B). The antisense IGFBP-3 ODN inhibition of the RA-induced
increase in IGFBP-3 protein increase was observed at ODN concen-
trations of 0.05-20 ug/ml and exceeded 90% inhibition at the anti-
sense ODN concentration of 1 pug/ml. IGFBP-4 concentrations were
not affected by the antisense IGFBP-3 ODN. Additionally, treatment
of cells with the sense IGFBP-3 ODN had no effect on RA-induced
increases in IGFBP-3 mRNA (Fig. 4A) or protein (Fig. 4C).

When cells treated with 5 ng/ml TGF-B2 were exposed to antisense
IGFBP-3 ODN, the antisense inhibitory effect on IGFBP-3 mRNA
and protein was observed at ODN concentrations of 0.01 ug/ml and
was maximum (>90%) at 20 ug/ml antisense IGFBP-3 ODN (Fig.
5, A and B). IGFBP-4 mRNA as well as protein concentrations in CM
were unaffected by treatment with the antisense IGFBP-3 ODN.
Treatment with sense IGFBP-3 ODN had no effects on IGFBP-3
mRNA (Fig. 5A) or protein (Fig. 5C).

The ability of IGFBP-3 antisense and sense ODN to block the
antiproliferative effects of RA or TGF-B2 was evaluated. To investi-
gate whether the antisense and sense ODN have growth effects
themselves, the cells were treated with 0.01-20 ng/ml ODN alone for
5 days. No significant change was observed in the cell number (data
not shown). However, antisense, but not sense ODN attenuated the
RA- or TGF-B2-induced cell growth inhibition by approximately 40%
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Fig. 4. A, effects of antisense and sense IGFBP-3 ODN on RA-induced IGFBP-3 and IGFBP-4 mRNA levels. Cells were grown until 90% confluent and incubated in serum-free
media containing 0.5 uM RA, 0.5 uM RA with 1 ug/ml antisense IGFBP-3, or 0.5 uM RA with 1 pg/ml IGFBP-3 sense ODN. Total RNA was extracted after 24 h and analyzed using
Northern blots. Duplicate consecutive lanes represent: IGFBP-3 mRNA in controls, IGFBP-3 mRNA in cells treated with 0.5 um RA, IGFBP-3 mRNA from cells treated with 0.5 um
RA and 1 pg/ml sense ODN, and, the last two lanes show IGFBP-3 mRNA from cells treated with 0.5 uM RA and 1 ug/ml antisense IGFBP-3 ODN. A representative blot from two
separate experiments is shown. Effect of antisense (B) or sense (C) IGFBP-3 ODN on IGFBP protein levels in control and RA-treated cells. Western ligand blots of MDA-MB-231
CM from cells treated with 0.5 uM RA and 0.01-20 pg/ml IGFBP-3 antisense (B) or sense (C) ODN. The first two lanes show CM from cells incubated in DMEM alone, the third
lane represents CM from cells treated with 0.5 uM RA, and the succeeding lanes show CM from cells incubated with 0.5 uM RA and antisense (B) or sense (C) ODN in concentrations
of 0.01-20 ug/ml. CM were harvested after 3 days of treatment from triplicate wells within each experiment, pooled, and electrophoresed using 12 SDS-PAGE under nonreducing

conditions. Representative Western ligand blots from two experiments are shown.

(P < 0.05; Fig. 6). Maximum reduction of cell growth inhibition was
attained at antisense IGFBP-3 ODN concentrations of 0.5 pg/ml
(RA) and 10 pg/ml (TGF-B2). Treatment with sense IGFBP-3
ODN did not significantly affect the RA- or TGF-B2-induced cell
growth inhibition.

DISCUSSION

Several growth factors, including IGFs, TGFs, epidermal growth
factor, platelet-derived growth factor, and fibroblast growth factor, are
known to have important growth regulatory roles in normal and
malignant breast epithelia (22). That IGFs and their binding proteins
are important regulators of proliferation in breast cancer cells has been
amply demonstrated (1). The elucidation of their mechanisms of
action is rendered difficult, however, by the multitude of IGF ligands
and binding proteins and the complex interactions existing in the
IGF system. Multiple IGFBPs have been identified in human breast
cancer cell lines, where they are believed to modulate IGF access to
target receptors (1, 3-S5, 8~10) and also exert IGF-independent actions
8,9, 13).

Retinoids, particularly RA, markedly inhibit in vitro proliferation of
breast cancer cells (23, 24). This inhibition is especially pronounced
in ER* breast cancer cell lines and is thought to be due to retinoid
antagonization of estrogen stimulation. In ER™ breast cancer cell
lines, the mechanism of RA-induced cell growth inhibition is even
more obscure.

Several observations have suggested that IGFBP-3 may be an
important mediator of RA actions in breast cancer cells. Treatment
with RA resulted in a greater than 3-fold increase in secreted IGF-

binding activity and induced the appearance of M, 42,000 and 46,000
IGFBPs on ligand blotting (11). This RA effect on IGFBP secretion
was accompanied by inhibition of cellular growth and arrest of the
cells in G,. Similarly, treatment of MDA-MB-231 and MDA-MB-468
human breast cancer cells with RA increased cellular IGFBP-3
mRNA levels, as well as IGFBP-3 release into the CM, and also
caused cell growth inhibition (10). Since RA-inhibited cell growth
occurred coincidentally with increased IGFBP-3 protein and mRNA
levels, its involvement in breast cancer cell growth inhibition has been
suspected (10, 11). This hypothesis is supported by the demonstration
that a major consensus sequence for RA exists in the promoter of the
rat IGFBP-3 gene (12).

We have previously demonstrated that exogenous IGFBP-3 inhibits
growth in Hs578T breast cancer cells (8). It was also shown that in the
ER™ MCF-7 breast cancer cells, treatment with IGFBP-3 significantly
inhibited cell proliferation (25). In this study, exogenous IGFBP-3
also inhibited growth in MDA-MB-231 cells (~40%). Furthermore,
the cell growth inhibition resulting from treatment with RA was
accompanied by increased IGFBP-3 protein (mean * SD,
3.06 = 0.87) and mRNA (mean, 2.16) levels. That the increased
expression of IGFBP-3 was mediating, at least in part, the inhibitory
effects of RA was confirmed by experiments using the antisense
IGFBP-3 ODN. Treatment with the antisense IGFBP-3 ODN blocked
the increased IGFBP-3 expression and reversed by 40% the cell
growth inhibition induced by RA. Sense IGFBP-3 ODN, on the other
hand, neither suppressed the IGFBP-3 protein or mRNA level nor
reduced the cell growth inhibition achieved with RA. This apparent
specificity of action of the antisense IGFBP-3 ODN was further
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Fig. 5. A, effect of antisense and sense IGFBP-3 ODN on TGF-B2-induced IGFBP-3 and IGFBP-4 mRNA levels. Cells were grown until 90 confluent and incubated for 24 h in
serum-free media containing 5 ng/ml TGF-B2, TGF-B2 with either | ug/ml antisense IGFBP-3 ODN or 1 ug/mi sense IGFBP-3 ODN. A representative blot from two separate
experiments is shown. Effect of antisense (B) or sense (C) IGFBP-3 ODN on IGFBP-3 and IGFBP-4 protein levels in control and TGF-B2-treated cells. Western ligand blots from
CM of cells treated with 5 ng/ml TGF-B2 and 0.01-20 pg/ml antisense (A) or sense (B) IGFBP-3 ODN. Same lane design as in RA experiment (Fig. 4). A representative blot from

two separate experiments is shown.

supported by the absence of any significant effect on IGFBP-4 protein
or mRNA levels.

TGF-Bs are a family of multifunctional proteins that act in many
types of cells and tissues. The biological actions of TGF-Bs are
mediated through three types of specific cell surface receptors (types
I-I1I). Receptors specific for TGF-f have been identified on almost all
cell types, including most estrogen-nonresponsive breast cancer cells.
Furthermore, it has been demonstrated that exogenously added
TGF-B1 and TGF-B2 cause cell growth inhibition in various human
breast cancer cell lines (26-28). Recently, it has been shown that
IGFBP-3 mediates the TGF-B2-induced cell growth inhibition in
Hs578T human breast cancer cell line (13).

We now demonstrate that the TGF-32 effect on cell proliferation in
the MDA-MB-231 breast cancer cell line is similarly mediated by
IGFBP-3. TGF-B2 increased IGFBP-3 protein (mean, 2.57 *+ 0.48-
fold) and mRNA levels (mean, 1.82), while simultaneously producing
cell growth inhibition (~40%). Antisense, but not sense, IGFBP-3
ODN significantly reduced IGFBP-3 protein and mRNA concentra-
tions, while IGFBP-4 was not affected. Furthermore, the cell growth
inhibition caused by TGF-B2 was attenuated by antisense IGFBP-3
ODN (~40%), but not by sense IGFBP-3 ODN.

It is of note that the IGFBP-3 ODN did not have the growth
inhibitory effects by itself, indicating that endogenous IGFBP-3 was
not inhibitory under basal nonstimulated conditions. This observation
prompted us to speculate that the IGFBP-3 inhibitory action requires
a certain threshold. Only exogenous IGFBP-3- or RA/TGF-B2-
induced IGFBP-3 resulted in cell growth inhibition. Therefore, the
experimental results with IGFBP-3 antisense ODN demonstrate that
the RA- and TGF-B2-induced inhibitory actions on cell growth are, at
least in part, mediated through elevated IGFBP-3 expression. This
report also suggests that the IGFBP-3 mediation of inhibitory actions

of TGF-B2 is not an isolated phenomenon, since we have demon-
strated this mechanism of action in a second cell line (Hs578T; Ref.
13). It is interesting to speculate that IGFBP-3 in the ER™ cell lines
MDA-MB-231 and Hs578T may function in a manner similar to the
new member of the IGFBP family, mac 25, which has enhanced
expression in sensescent human mammary epithelial cells (3). It is of
note that RA induces expression of mac 25 mRNA in such cells,
similar to our results with IGFBP-3.

These findings in both Hs578T and MDA-MB-231 breast cancer
cells are consistent with an IGF-independent action of IGFBP-3. The
IGF-independent mode of IGFBP-3 action was further supported by
the fact that MDA-MB-231 cells were found not to express IGF-I by
means of reverse transcription-PCR (data not shown). Whether
IGFBP-3 mediates cell growth inhibition in MDA-MB-231 cells by
binding specifically to cell membrane proteins, as it does in Hs578T
cells, remains to be demonstrated. It is, nevertheless, of note that a
similar IGF-I-independent mechanism of action for IGFBP-3 has been
postulated in fibroblasts with a targeted disruption of the IGF-I
receptor gene (29). The IGF-independent role of IGFBP-3 was re-
cently supported by demonstrating that the tumor suppressor p53
induced /IGFBP-3 gene expression, indicating that IGFBP-3 is prob-
ably a mediator in pS53 signaling (30).

The results of those studies in MDA-MB-231 and HsS78T cells
further confirm the important role of IGFBP-3 in the biology of
human breast cancer growth, and indicate that IGFBP-3 is a major
inhibitor of cell growth in human breast cancer. These IGF-inde-
pendent effects of IGFBP-3 (8) appear to be mediated through cell
surface proteins on ER ™ cells that bind IGFBP-3 with high affinity
and specificity (9). The induction of IGFBP-3 synthesis and its
binding to cell surface receptors may represent a common mech-

1549

€20z Aenuer 6z uo 1sonb Aq Jpd"GpG1L20095040/S L LEIYZ/SYS L/2/9G/Pd-aloNE/SoL80UED/BI0"S|BUINOlIOEE)/:dRY WOy papEOjUMOQ



IGFBP-3 MEDIATES RA- AND TGF-B2-INDUCED CELL GROWTH INHIBITION

>

c
2
=
2
L
£
§
o
(-]
k]
=

@

% of growth inhibition

X
o

=

=]
(=]

60

o 01 05 1 5 10 20 [+] 0.1 05 1 5 10 20
Antisense IGFBP-3 ODN (ug/ml)  Sense IGFBP-3 ODN (pg/mi)
+RA (1M) + RA (uM)

Antisense IGFBP-3 ODN (pg/ml) Sense IGFBP-3 ODN (pg/ml)

+ TGF-B2 (ng/ml) + TGF-$2 (ng/ml)

Fig. 6. Effect of antisense and sense IGFBP-3 ODN on RA- (A) or TGF-82- (B)
induced cell growth inhibition. Cells were grown until 60% confluent and than treated
with 0.5 um RA (A) or 5 ng/ml TGF-B2 in the presence or absence of ODN at
concentrations ranging from 0.1 to 20 ug/ml. The growth inhibitory effects of RA or
TGF-B2 and ODN were determined by cell counts after 5 days of treatment. The first lane
in each graph shows inhibition of cell growth by RA or TGF-B2 alone, and has been given
an arbitrary value of 100inhibition. Results represent the means of two separate experi-
ments performed in triplicate. *, P < 0.05. Bars, SE.
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