
Abstract. The role of mitogen-activated protein/extracellular
signal-regulated kinase kinase (MEK) signaling in estrogen
receptor positive (ER+) MCF-7 breast carcinoma cells is not
well understood. We depleted MEK by cotransfection of
MEK1 and MEK2 siRNA duplexes in a MCF-7 derived line
(MCF-7/ lacZ, ML-20) and determined its effect on serum,
17ß-estradiol (E2), and growth factor induced DNA synthesis.
MEK knockdown did not decrease fetal bovine serum-induced
DNA synthesis in ML-20 cells although it did inhibit DNA
synthesis induced by estrogen-stripped calf serum (CCS)
suggesting that MEK activation plays an important role in
growth signaling induced by serum components other than
estrogen. Consistent with this notion, MEK knockdown only
modestly decreased DNA synthesis induced by E2-supple-
mented CCS medium in ML-20 cells. Similarly, MEK
knockdown only caused moderate decreases in DNA
synthesis induced by fibroblast growth factor-1 (FGF-1) or
heregulin-ß1 (HRGß1) in this media. Also, there were only
minimal effects of MEK knockdown in cells treated with
growth factor-supplemented serum-free medium. Although
MEK depletion inhibited ERK1/2 phosphorylation induced
by CCS in these cells, that induced by growth factor
supplemented CCS media was relatively unaffected.
Similarly, ERK1/2 phosphorylation induced by growth factor-
supplemented serum-free media was also relatively unaffected
by MEK depletion. These results suggest that pathways
regulating DNA synthesis induced by serum in MCF-7 cells
are significantly more dependent on constitutive MEK levels
than that induced by E2 or growth factors.

Introduction

Activation of the mitogen-activated protein/extracellular
signal-regulated kinase kinase (MEK) pathway has been

suggested by numerous studies to play a role in proliferation,
transformation, migration, angiogenesis and apoptosis (1-5).
Constitutive activation of MEK has also been shown to
contribute to the development of resistance to antiestrogen
therapy in estrogen receptor (ER)-positive breast carcinoma
cells (6-8). Many studies have suggested an involvement of
MEK/ERK signaling in estrogen or growth factor-mediated
cell functions in MCF-7 cells, an ER-positive breast carcinoma
line (9-12). Incubation of multiple breast cancer cell lines
including MCF-7 with the MEK-specific inhibitor U0126 has
been shown to arrest growth of serum starved cells and result
in death of all cells within 2-4 days (13). However, clono-
genicity studies in which MCF-7 cells were treated with
another potent MEK-specific inhibitor, PD184352, suggested
that these cells were largely refractory to the effects of MEK
inhibition in 20% fetal bovine serum (FBS)-containing medium
(14). This suggests that MEK signaling is less critical for
proliferation of MCF-7 cells in the presence of FBS. Since
FBS contains the estrogens 17ß-estradiol (E2), estriol, and
estrone, and since MCF-7 cells are primarily dependent on
the estrogen component of serum for proliferation, the
dependence on MEK for E2-induced signaling and proliferation
is an important issue.

Several studies show that E2 is capable of inducing
ERK1/2 activation in MCF-7 cells (15-18). Lobenhofer et al
showed that the MEK inhibitors PD98059 and U0126 were
able to reduce the number of MCF-7 cells undergoing E2-
induced DNA synthesis (19). Similarly, Razandi et al have
shown a rapid and sustained increase in ERK1/2 activity
and subsequent proliferation of MCF-7 cells in response to
E2 and that these effects were inhibited by PD98059 (17).
In stark contrast to these studies, others have shown that
inhibition of MEK signaling does not significantly affect
E2-induced outcomes in MCF-7 cells. For instance, Lewis
et al have recently shown that PD98059 had no significant
effect on E2-induced phosphorylation of activating tran-
scription factor-2 (20). Other studies in which estrogen-
deprived cells were treated with E2 reported no activation
of the MEK/ERK pathway despite the stimulation of entry
into cell cycle progression, and treatment of these cells
with U0126 was only partially inhibitory on cell cycle
progression (21). Similarly, Bonapace et al reported that
treatment of MCF-7 cells with E2 allowed the cells to
overcome a G1 block induced by HMG-CoA reductase
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inhibitors and that this effect did not require activation of
ERK1/2 (22).

In addition to E2, certain growth factors also stimulate
MCF-7 growth. Our laboratory has shown that signaling
mediated by either fibroblast growth factor (FGF)-4, FGF-1,
or heregulin-ß1 (HRGß1) can each provide alternative growth
signals to that provided by ER activation in ML-20 (MCF-7/
LacZ) cells, which results in antiestrogen resistant growth
(23-27). Studies from our laboratory looking at the role of
MEK/ERK signaling in growth factor-induced antiestrogen-
resistant growth of ML-20 cells using PD98059 and U0126
indicated that FGF-1 and HRGß1-induced ERK1/2 phos-
phorylation and cell proliferation were resistant to the
effects of MEK inhibition unlike that induced by FBS (27).
Furthermore, these studies also showed that FGF-1 and
HRGß1, but not FBS could stimulate ERK1/2 activation in
the presence of U0126, suggesting stimulus-specific variability
in the susceptibility of MCF-7 cells to small molecule
inhibitors of MEK signaling (27).

In this study, we sought to further clarify the role of MEK
on E2 and growth factor-induced MEK/ERK signaling in ML-
20 cells by assessing the effects of RNAi-mediated MEK
knockdown on E2 and growth factor-induced DNA synthesis
and MEK/ERK phosphorylation in either the presence or
absence of FBS or charcoal-stripped calf serum (CCS). We
show that a cotransfection of siRNA duplexes targeting MEK1
and MEK2 is able to effectively knockdown both total and
phosphorylated levels of MEK in ML-20 breast cancer cells.
We show that in this cell line, this knockdown inhibits basal
levels of DNA synthesis in cells maintained in CCS containing
medium but not FBS containing medium. MEK knockdown
only moderately inhibits BrdU incorporation induced by E2

or the growth factors FGF-1 and HRGß1 in CCS containing
medium and did not affect IGF-1-induced DNA synthesis in
this medium. The moderate effects of MEK knockdown on
BrdU incorporation induced by FGF-1 or HRGß1 appear at
least partially related to serum components as these effects
are reduced in SFM. Knockdown of MEK did not affect
ERK1/2 phosphorylation induced by these growth factors
although basal levels of ERK phosphorylation in CCS-
containing medium were diminished in cells cotransfected with
MEK1 and MEK2 siRNAs compared to control transfected
cells.

Materials and methods

Chemicals, growth factors and antibodies. Recombinant
human IGF-1 and FGF-1 were obtained from Promega
(Madison, WI), and recombinant human HRGß1 (residues
176-246 corresponding to the EGF-like domain) was from
R&D Systems (Minneapolis, MN). 17ß-Estradiol (E2) was
obtained from Sigma (St. Louis, MO). Phenol Red Free (PRF)
and phenol red containing improved modified Eagle's medium
(IMEM) were obtained from Mediatech, Inc., (Herndon, VA),
and fetal bovine serum (FBS) was obtained from Invitrogen
(Carlsbad, CA). In some experiments CCS was used to strip
cells of endogenous estrogens. Calf serum was treated with
dextran-coated activated charcoal as described before to obtain
CCS (23,28). Anti-phospho ERK1/2, anti-ERK1/2, anti-
phospho MEK, and anti-MEK were obtained from Cell

Signaling Technology (Beverly, MA). Monoclonal anti-actin
antibody was obtained from Sigma.

Cell lines, cell culture, and siRNA. ML-20 is a clonally isolated
estrogen-responsive line derived from MCF-7 breast adeno-
carcinoma cells in our laboratory that has a stably transfected
LacZ gene and has been described previously (24,25,28).
Cells were maintained in IMEM containing 10% FBS and
incubated at 37˚C in a humidified atmosphere with 5% CO2.
Small interfering RNA (siRNA) sequences targeting either
MEK1 or MEK2 have been described previously (29). These
and control siRNA duplexes (siCONTROL®) with no known
homology to rat, mouse, or human genes were obtained from
Dharmacon, Inc. (Lafayette, CO).

siRNA transfections. For both BrdU and Western assays,
cells were plated at 4x105 cells in 60-mm dishes in 5% FBS-
containing media. Cells were cotransfected with siRNAs
targeting MEK1 and MEK2 using DharmaFECT™ 2 trans-
fection reagent (Dharmacon, Inc.) 24-h post plating according
to the manufacturer's guidelines in Opti-MEM reduced serum
media (Invitrogen) at a concentration of 20 nM each to a final
total siRNA concentration of 40 nM. Control transfected cells
were transfected to a final concentration of 40 nM.

Immunoblot analyses. ML-20 cells were transfected with
siRNAs as described above and 24 h later the medium was
replaced with 5% CCS, or with 5% CCS containing either E2

at a final concentration of 10-8 M for the E2 induction studies,
or with 5% CCS containing IGF-1 (10 ng/ml), FGF-1 (20 ng/
ml), or HRGß1 (50 ng/ml) for the growth factor induction
studies. Similar experiments were carried out in serum-free
medium. All treatments were for 15 min. Subsequently,
cells were lysed using 200 μl cell lysis buffer (Cell Signaling
Technology) supplemented with 1 mM phenylmethylsulfonyl
fluoride. Cell lysate (35 μg) was run on Criterion precast 10%
SDS-PAGE gels (Bio-Rad, Hercules, CA). Proteins were
transferred onto Protran filters (Bio-Rad) by electroblotting.
The blots were then probed with antibodies against the
following: phospho-ERK p44/42, total-ERK p44/42, phospho-
MEK1/2, total-MEK1/2, or actin. Blots were initially probed
for either phospho-ERK or total MEK, and then stripped with
Restore stripping solution (Pierce, Rockford, IL) and reprobed
with antibodies against total ERK, phospho-MEK, or actin.
Enhanced chemiluminescence with the Supersignal kit (Pierce)
was used to detect bands.

BrdU incorporation assay. Cells were plated in 60-mm
dishes and transfected as described above. Twenty-four hours
after transfection the media was removed and replaced with 3
changes of 5% CCS over 8 h followed by plain PRF-IMEM
overnight. For BrdU assays, the serum-free PRF-IMEM was
replaced with either 5% CCS or 5% FBS for the serum
induction assays, or with 5% CCS or SFM containing E2 at a
final concentration of 10-8 M for the E2 induction studies, or
with 5% CCS or SFM containing IGF-1 (10 ng/ml), FGF-1
(20 ng/ml), or HRGß1 (50 ng/ml) for the growth factor
induction studies. A preliminary time-course study was
performed which determined that the optimal duration of
treatment with the conditioned media was 24 h prior to
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pulsing cells with BrdU. Twenty-four hours after the addition
of the conditional media, cells were pulsed for 30 min with
BrdU prior to harvest according to the manufacturer's recom-
mendations (BrdU flow kit, BD Biosciences, San Diego, CA).
BrdU incorporation was analyzed by FACS analysis. For each

set of BrdU assays, a set of dishes were transfected alongside
the BrdU dishes to probe for total MEK protein via Western
blot to ensure that MEK remains depleted at the 24-h timepoint.

Results

Cotransfection of siRNA targeting MEK1 and MEK2 does not
inhibit fetal bovine serum-induced BrdU incorporation in
ML-20 breast carcinoma cells. We first sought to determine
the effects of MEK depletion on FBS-induced ERK1/2 and
MEK phosphorylation in ML-20 cells, an estrogen-responsive
MCF-7 sub-line derived in our laboratory (24,25,28). Cells
were cotransfected with siRNAs targeting MEK1 and MEK2
or with a non-targeting control siRNA and treated for 15 min
in either CCS or FBS. As shown in Fig. 1A, both phos-
phorylated and total levels of MEK protein were significantly
reduced by MEK1/2 siRNA (Fig. 1A) to similar extents in
both conditions. However, cotransfection of MEK1/2 siRNAs
resulted in only a slight inhibition of ERK1/2 phosphorylation
in FBS-treated cells. Phospho-ERK1/2 levels were more
clearly reduced in cells incubated in CCS.

We next sought to determine the effects of MEK knock-
down on BrdU incorporation in these conditions. As shown
in Fig. 1B (upper panel), MEK depletion had no apparent
effect on FBS-induced BrdU incorporation in ML-20. This is
in contrast to results seen in HCT-116 cells, a colon carcinoma
line, where FBS-induced BrdU incorporation was markedly
decreased (data not shown). Interestingly, MEK knockdown
did result in a marked inhibition of BrdU incorporation in cells
incubated in CCS (Fig. 1B, upper panel). Western blot analysis
of lysates from cells transfected alongside cells used in the
BrdU assays verified that total MEK protein levels were almost
completely depleted at the 24-h timepoint after addition of
conditions (Fig. 1B, lower panel) suggesting that lack of
inhibition of BrdU incorporation in FBS-treated cells was not
due to insufficient knockdown.

Cotransfection of siRNA targeting MEK1 and MEK2 does not
inhibit 17ß-estradiol-induced BrdU incorporation in ML-20
breast carcinoma cells. The ML-20 cell line is an estrogen
responsive cell line and it is possible that the increase in DNA
synthesis seen in cells treated with FBS versus cells maintained
in 5% CCS is due to the E2 component of FBS. To clarify the
dependence on MEK for E2-induced DNA synthesis in ML-20
cells, we next sought to determine the effect of MEK knock-
down on E2-induced ERK1/2 phosphorylation and BrdU
incorporation. Control and MEK transfected ML-20 cells that
were stripped of estrogens in CCS containing medium were
either placed in fresh CCS or treated with CCS plus E2 (10-8 M)
for 15 min. As shown in Fig. 2A, ERK1/2 phosphorylation is
reduced in cells cotransfected with MEK1/2 siRNA versus
control transfected cells in CCS or CCS plus E2 containing
medium. Both total and activated levels of MEK were almost
completely abolished in MEK siRNA transfected cells as
compared to control transfected cells (Fig. 2A). Next, control
and MEK transfected ML-20 cells were stripped as described
above and placed in fresh CCS or treated with CCS plus E2

(10-8 M) for 24 h followed by BrdU incorporation and
subsequent FACS analysis. As shown in Fig. 2B (upper
panel), E2-induced BrdU incorporation in ML-20 cells was
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Figure 1. MEK signaling is not essential for fetal bovine serum-induced
DNA synthesis of ML-20 breast carcinoma cells. Cells were cotransfected
with siRNA duplexes targeting MEK1 and MEK2 or with non-targeting
control siRNA. (A) Western blot analysis of phosphorylated and total levels
of ERK1/2 and MEK: Cells were stripped in 3 separate changes of 5% CCS
containing medium 24-h post-transfection followed by incubation overnight
in plain PRF-IMEM. Twenty-four hours later cells were treated with either
5% CCS or 5% FBS for 15 min prior to lysing of cells. (B) BrdU incorporation
assays: Cells were stripped as described above and incubated overnight in
plain PRF-IMEM. Twenty-four hours later medium was replaced with either
PRF-IMEM containing 5% CCS or PRF-IMEM containing 5% fetal bovine
serum (FBS) and cells were incubated for an additional 24 h. Cells were
then pulsed for 30 min with BrdU and harvested for FACS analysis.
*p<0.05.
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only moderately inhibited by RNAi mediated knockdown of
MEK1 and MEK2 compared to cells transfected with a control
siRNA duplex. Lysates were isolated from cells transfected
in the same experiment to determine the extent of MEK
protein knockdown 24 h after addition of conditional media
in the BrdU dishes. As shown in Fig. 2B (lower panel), MEK
protein in these cells was nearly undetectable.

Growth factor-induced BrdU incorporation in ML-20 breast
carcinoma cells is differentially affected by cotransfection of
MEK1 and MEK2 siRNA in charcoal-stripped serum. We
next explored the ability of specific growth factors to induce
DNA synthesis and to test the effect of MEK1/2 knockdown
on growth factor-induced ERK1/2 phosphorylation and DNA
synthesis in ML-20 cells. We first determined the effects of
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Figure 2. MEK is not essential for 17ß-estradiol (E2) mediated DNA
synthesis of ML-20 breast carcinoma cells. (A) Western blot analysis of
phosphorylated and total levels of ERK1/2 and MEK: Cells were stripped as
described in Fig. 1 and incubated overnight in plain PRF-IMEM. Twenty-
four hours later medium was replaced with either 5% CCS or 5% CCS plus
10-8 M final concentration E2 for 15 min prior to lysing of cells. (B) BrdU
incorporation assays: Cells were transfected and stripped as described in
Fig. 1. Twenty-four hours later medium was replaced with either 5% CCS or
5% CCS plus 10-8 M final concentration E2 and cells were incubated for an
additional 24 h prior to a 30-min pulse with BrdU; *p<0.05.

Figure 3. FGF1 or HRGß1-induced BrdU incorporation is repressed by
MEK siRNA treatment but remains elevated compared to control cells. (A)
Western blot analysis of phosphorylated and total levels of ERK1/2 and
MEK: Cells were stripped as described in Fig. 1 and incubated overnight in
plain IMEM. Twenty-four hours later cells were treated with IGF-1, FGF-1,
or HRGß1 in 5% CCS at the concentrations listed below for 15 min prior to
lysing of cells. (B) BrdU incorporation assays: Cells were transfected and
stripped as described above. Twenty-four hours later medium was replaced
with either 5% CCS or 5% CCS plus IGF-1 (20 ng/ml), FGF-1 (20 ng/ml),
or HRGß1 (50 ng/ml) and cells were incubated for an additional 24 h prior
to a 30-min pulse with BrdU; *p<0.05.
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MEK knockdown on IGF-1-, FGF-1-, or HRGß1-induced
ERK1/2 phosphorylation in lysates isolated from cells cotrans-
fected with MEK1 and MEK2 siRNA and treated with these
factors for 15 min in CCS containing medium. MEK depletion
led to minimal reduction in phosphorylated ERK1/2 for all
three treatment groups relative to control transfected cells
although both phospho and total MEK levels are clearly
reduced (Fig. 3A). Next, we determined the effects of MEK
ablation on DNA synthesis in cells transfected as described
above and treated with growth factors in CCS-containing

medium for 24 h using BrdU incorporation assays. Trans-
fection of cells with siRNA targeting MEK1/2 clearly inhibited
FGF-1- and HRGß1-induced BrdU incorporation compared to
control transfected cells but did not bring it down to basal
levels. In contrast, MEK1/2 knockdown had no significant
effect on IGF-1-induced DNA synthesis (Fig. 3B, upper panel).
As in previous assays, cells that were maintained in CCS also
showed a reduction in BrdU incorporation in MEK1/2 trans-
fected cells versus control transfected cells (Fig. 3B, upper
panel). Western analysis of cells transfected in parallel to
cells used in the BrdU assays showed that total MEK protein
was reduced to barely detectable levels at the 24-h timepoint
(Fig. 3B, lower panel).

Cotransfection of siRNA targeting MEK1 and MEK2 does not
significantly inhibit IGF-1-, FGF-1-, or HRGß1-induced BrdU
incorporation in serum-free medium. Due to the heterogeneous
nature of serum, we could not rule out that any apparent
effects of MEK knockdown on DNA synthesis seen in cells
maintained and treated in CCS containing media were due to
inhibition of mechanisms related to serum components and
not signaling mechanisms activated by the exogenous growth
factors. Therefore, we further tested the effects of MEK
depletion on growth factor and E2-induced ERK1/2 activation
and BrdU incorporation in serum-free medium. Previous
studies by Sutherland and co-investigators (30) have shown
that E2 in the absence of serum is not a very potent inducer of
DNA synthesis in MCF-7 cells, but that it can synergize with
IGF-1 in this condition and induce DNA synthesis. Therefore,
we also tested the effect of MEK depletion on cells treated
with E2 plus IGF-1 in SFM. As shown in Fig. 4A, knockdown
of MEK does not lead to a significant inhibition of ERK1/2
phosphorylation induced by the growth factors, E2, or a
combination of E2 plus IGF-1, despite a clear reduction in
both total and phospho MEK levels. We next treated cells as
described above in SFM and observed for effects of MEK1/2
inhibition on DNA synthesis. As shown in Fig. 4B (upper
panel), MEK knockdown showed minimal or no effect on
growth factor, E2, or E2 plus IGF-1-induced DNA synthesis
in SFM compared to non-treated cells. Background levels of
BrdU incorporation were reduced by MEK knockdown in
SFM indicating that MEK siRNA were functional (Fig. 4B,
upper panel). Western blot analysis of cells transfected in
parallel with those used in the BrdU assays showed that total
MEK levels in these cells were reduced to nearly undetectable
levels (Fig. 4B, lower panel).

Discussion

Deregulation of the Ras-Raf-MEK-ERK signaling pathway has
been shown to play a role in the development and progression
of many types of cancer. In breast carcinoma cells, aberrant
MEK signaling has been linked to proliferation, migration,
angiogenesis, and the development of resistance to anti-
estrogens (23,31-33). Despite this, the role of MEK signaling
in ER-positive breast carcinoma cells, particularly in regards to
the activation of ERK1/2 by E2 and the effects of serum on E2

or growth factor-mediated signaling, remains unclear.
In this study, we show that RNAi-mediated knockdown

of MEK had no significant effect on BrdU incorporation in
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Figure 4. MEK inhibition does not markedly affect growth factor or E2

induced DNA synthesis in serum-free medium. (A) Western blot analysis of
phosphorylated and total levels of ERK1/2 and MEK: Cells were stripped as
described in Fig. 1 and incubated overnight in plain IMEM. Twenty-four
hours later cells were treated with IGF-1, FGF-1, or HRGß1 at the
concentrations listed above for 15 min prior to lysing of cells. (B) BrdU
incorporation assays: Cells were transfected and stripped as described
above. Twenty-four hours later medium was replaced with either serum-free
medium or serum-free medium plus IGF-1 (20 ng/ml), FGF-1 (20 ng/ml),
HRGß1 (50 ng/ml), E2 (10-8 M), or IGF-1 (20 ng/ml) + E2 (10-8 M) and cells
were incubated for an additional 24 h prior to a 30-min pulse with BrdU;
*p<0.01.
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ML-20 cells maintained in FBS although there was a clear
reduction in DNA synthesis in cells maintained in CCS
(Fig. 1B). Western blot analysis of total MEK protein levels
from cells transfected in parallel dishes indicates that the lack
of effect seen on FBS-induced BrdU incorporation in ML-20
cells is not due to inefficient knockdown of MEK (Fig. 1B).
Together, these results suggest that FBS-induced DNA
synthesis is insensitive to MEK depletion in ML-20 cells or
that the remaining levels of activated MEK are sufficient to
drive cell cycle progression. This is not surprising in light of
studies showing that MCF-7 cells maintained in serum
containing medium were refractory to the effects of the MEK
inhibitor PD184352 in their ability to form colonies in soft
agar (14). Western blot analysis of ERK1/2 and MEK in cells
maintained in FBS-containing medium showed that there was
only a slight inhibition of FBS-induced ERK1/2 phos-
phorylation in contrast to a clear reduction in phospho-
ERK1/2 levels in cells maintained in CCS (Fig. 1A). Both
total and phosphorylated MEK levels were markedly reduced
under both conditions. These results suggest that serum
components other than E2 are at least partially involved in
driving DNA synthesis and that the phosphorylation of the
downstream ERKs by these components is sensitive to loss
of MEK activity, as is the increased DNA synthesis mediated
by these components.

To further explore the possible role of MEK-mediated
DNA synthesis in E2-induced growth we next assessed the
effects of MEK knockdown on E2-induced DNA synthesis.
MEK knockdown resulted in only a modest reduction in
DNA synthesis in E2-treated cells maintained in CCS-
containing medium compared to control transfected cells
despite a clear inhibition of total MEK protein (Fig. 2B). It is
important to note that the level of BrdU incorporation observed
in CCS plus E2 in cells cotransfected with MEK siRNAs
remain elevated compared to CCS alone. This indicates that
MEK independent pathways are contributing to E2-induced
DNA synthesis and suggests that the minimal reduction
observed is related to effects of MEK siRNAs on signaling via
serum components. E2 did not further increase phosphorylation
of ERK1/2 over that induced by CCS in our assays despite
resulting in increased BrdU incorporation (Fig. 2A). This is
not entirely surprising as other studies have suggested that E2

can be mitogenic without detectable activation of ERK1/2 in
MCF-7 cells (19,21).

Several studies have suggested that serum components
can significantly influence the outcome of studies using ER-
positive MCF-7 cells. In a recent report aimed at clarifying
the conflicting data that exist concerning E2-induced ERK1/2
phosphorylation, Brower et al showed that E2 administered to
MCF-7 cells in the presence of charcoal-stripped serum
induced ERK1/2 phosphorylation but E2 administered in SFM
resulted in no significant change in ERK1/2 phosphorylation
levels and attributed the effects seen in the presence of serum
on other factors present in the serum (34). These results are
in contrast to our results showing that there was no increase in
ERK1/2 phosphorylation in response to E2 in CCS-containing
media (Fig. 2). Other studies have also reported no
significant increase in ERK1/2 phosphorylation in response
to E2 (22,35,36).

To clarify the role of MEK signaling in DNA synthesis
induced by growth factors in ML-20 cells, we looked at the
effects of MEK knockdown on DNA synthesis induced by
three separate growth factors that have been shown to be
mitogenic in MCF-7 cells. ML-20 cells treated with IGF-1,
FGF-1 or HRGß1 in CCS-containing medium showed an
increase in ERK1/2 phosphorylation and DNA synthesis
relative to non-treated control cells (Fig. 3A and B). DNA
synthesis induced by IGF-1 was not significantly inhibited by
knockdown of MEK whereas that of FGF-1- and HRGß1-
treated cells was moderately reduced (Fig. 3B). MCF-7 cells
treated with IGF-1 plus E2, which has been shown to increase
DNA synthesis in serum-free media to a greater degree than
either stimulus alone (30), resulted in a relative increase in
BrdU incorporation compared to either treatment alone that
was not lost in cells cotransfected with MEK siRNAs. These
results are in agreement with previous studies in which
inhibition of the MAPK signaling pathway by PD98059 did
not inhibit IGF-1 induced stimulation of cyclin D1 synthesis,
hyperphosphorylation of the retinoblastoma protein pRb,
DNA synthesis, and cell division in MCF-7 cells (37). These
same studies indicated a potential role for phosphatidylinositol
3-kinase (PI3-K) in IGF-1-induced cell signaling as the PI3-K
inhibitor LY294002 did inhibit the observed stimulatory effects
of IGF-1 in these cells. It is possible therefore that the inability
of MEK knockdown to inhibit IGF-1-induced DNA synthesis
in our assays is due to activation of additional signaling
pathways such as the PI3-K signaling pathway.

Alternatively, the effects of MEK knockdown seen on DNA
synthesis induced by FGF-1 or HRGß1 in CCS-containing
medium could be due to effects on DNA synthesis induced
by serum components other than these growth factors.
Additional studies have suggested that serum components
that are not affected by dextran-charcoal treatment, such as
sex hormone binding globulin and bovine serum albumin, can
have a significant impact on the ability of E2 to exert mito-
genic effects in MCF-7 cells (38-40). It is possible that these
factors could also influence the stimulatory effects of FGF-1
or HRGß1. We show that the inhibition of DNA synthesis
induced by growth factors in the presence of stripped serum
is not significantly reduced when the same growth factors are
used in SFM (Fig. 4B). This suggests that serum components
at least partially influence MEK-mediated DNA synthesis
induced by these growth factors and that DNA synthesis
induced by IGF-1, FGF-1, HRGß1, or by E2 is at least partially
independent of MEK activity.

Our results also suggest that ERK1/2 activation by growth
factors is unaffected by MEK ablation. These results are
consistent with our previous observations that showed that
the sustained, high magnitude ERK activation in ML-20 cells
induced by FGF-1 or HRGß1 is less susceptible to the MEK
activation inhibitors U0126, PD98059, and PD184161 (27). In
the intracellular environment MEK is known to interact with
various binding proteins and to be involved in complexes
with additional signaling molecules and scaffolding proteins
(41-43). Scaffold proteins not only promote simultaneous inter-
action of MEK with its substrate ERKs, but also allosterically
regulate these kinases (44). Through such interactions, con-
stitutive levels of MEK could be more important in signaling
complexes that are integral to serum-specific ERK1/2
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activation, but less important to growth factor-specific ERK1/2
activation pathways. Therefore, inactivation or reduction of
MEK could affect serum stimulated ERK1/2 activation,
without affecting that stimulated by growth factors, thus
explaining the stimulus-specific susceptibility to MEK
ablation.

Taken together, these results suggest that serum
components other than estrogen that mediate DNA synthesis
in MCF-7 cells are sensitive to MEK depletion. In contrast,
DNA synthesis induced by E2, IGF-1, FGF-1, or HRGß1 in
MCF-7 cells is at least partially independent of MEK signaling
since MEK depletion did not reduce BrdU incorporation to
basal levels. The modest reduction that is observed in growth
factor or E2 containing medium with MEK knockdown may
be due in part to abrogation of MEK-dependent signaling
mediated by serum components that are present after treat-
ment with dextran-coated charcoal. These findings suggest
that the potential effects of whole or stripped serum should be
taken into account when observing effects of exogenous
treatments in ER-positive MCF-7 breast cancer cell lines.
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