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Introduction

The Role of EGF Receptor Negative Regulatory Components in Breast Cell Growth.

Amplification of the epidermal growth factor receptor (EGF-R) is correlated with
tumorigenicity and its over-expression has been correlated with poor prognosis in breast cancer
(1). EGE-R's bind ligand which causes phosphorylation of tyrosine residues on their C-terminal
tail (2). This activation of the receptor allows it to signal to the cell via numerous interactions with
other proteins. The EGF-R is negatively regulated both spatially and covalently. Spatially, receptor
activation leads to rapid internalization, endocytic trafficking and targeting to lysomes for
degradation, a process known as receptor down-regulation. Covalent regulation consists of
phosphorylation of the receptor on serine and threonine residues which decrease the receptors
affinity for ligand and decreases its kinase activity (2). Both forms of negative regulation control
the overall extent of receptor signaling duration and intensity. Since amplification of the receptor is
correlated with tumorigenicity, it was hypothesized that amplification of the receptor in the absence
of concomitant amplification of its negative regulatory components would lead to dysregulated
kinase activity and uncontrolled receptor signaling. Because EGF-R kinase activity determines both
its mitogenic and transforming ability, dysregulation would lead to uncontrolled growth and
contribute to the formation of breast cancers (3). This hypothesis is being tested using cell culture

models.

Statement of Work

Part 1.

Determine the percent reduction of EGF-R kinase activity following PMA or EGF induced

desensitization for all cell types being used.

Months 1-12
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Body of Report

The primary cell culture system used in this work is based on the malignant breast cell line
MDA-MB-468 (4). Filmus et al. selected variant clones of the parental 468 line that had lost
genomic amplification of the EGF-R locus and thus had reduced EGF-R levels (5). The parental
cell line has 1.9 x1076 EGF-R's per cell, the S1 variant 1.6x10"4 EGF-R's per cell and the S11
variant has 6.6x1074 receptors per cell. The parental cell line has a faster growth rate and forms
larger, more aggressive tumors in nude mice than either of the variants (S1 or S11) (5). Therefore,
the tumorigenicity of these cells is directly correlated to their EGF-R expression level.

A second cell culture system was also used for this report. The Al cell line is a human
mammary epithelial cell isolated by reduction mammoplasty and immortalized by chemical
mutagenesis (6, 7, 8). The A1 cell line, though immortal, does not exhibit anchorage independent
growth, does not form tumors in nude mice, is absolutely dependent on EGF (epidermal growth
factor) growth, and expresses 2x1075 EGF-R per cell (6, 7, 8). For these reasons, this cell type is
used because it has an intermediate receptor number and is functionally "normal”.

An ELISA was performed in order to determine the duration of EGF-R signaling following
treatment with EGF. Figure 1 shows the result of the ratiometric determination of PY/EGFR
(phosphotyrosine per EGF-R) for the parental cell line (468), and each of the variants (S1 and
S11). PY/EGFR is a measure of the relative number of activated EGF-R's. Cells were treated for
0, 2, 30, or 60 minutes with 100 ng/ml EGF. Protein was extracted and PY/EGFR was determined
by ELISA. These results show that the amplified EGF-R parental cell line (468) maintains a
maximum number of activated receptors from 2 minutes through 1 hour. In contrast, both of the
variant cell types (S1 and S11), that have lost their EGF-R amplification, show a significant
reduction in the number of activated receptors from 2 minutes through 1 hour. These results show
that the non-amplified receptor variants are able to rapidly attenuate EGF-R signaling while the
amplified receptor subtype (468) cannot.

An immunoprecipitation was performed in order to confirm the results in figure 1 by doing

the experiment in a slightly different manner. The cells were treated for 0, 10, 30, 60 or 120
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minutes with 100 ng/ml EGF. Protein was extracted, the EGF-R's were immunoprecipitated with
an anti-EGFR antibody and probed on a western blot for phosphotyrosine (PY). Figure 2 shows
that the total level of PY decreases significantly in each of the non-amplified variants (S1 and S11)
from a maximum level at 10 minutes post-EGF treatment to a minimum level at 1 hour post-EGF
treatment. However in the amplified parental cell line (468), maximum levels of PY achieved at 10
minutes post-EGF treatment are maintained after 120 minutes post-EGF treatment. As in figure 1,
these results show that the number of activated EGF-R's is rapidly attenuated following EGF
treatment in the non-amplified variants whereas the 468 parental cell line maintains a high level of
activated receptors even after 2 hours.

Several negative regulatory pathways could be responsible for the results shown in figure 1
and figure 2. First, the EGF-R's could be rapidly desensitized by covalent modification in the
variants but the high level of receptors in the parental cell line may prevent efficient desensitization
of those receptors. Second, tyrosine phosphatases could be effective in the non-amplified variants
but become limiting, and thus ineffective, in the amplified receptor parental cell line. Lastly, down-
regulation of the small number of EGF-R in the non-amplified variant cell types could be an
effective mechanism of rapidly attenuating EGF-R signaling. In this case, the amplified receptor
parental cell line may not be effectively attenuated because the large numbers of receptors may be
saturating the endocytic machinery.

Since phosphorylation of the EGF-R residue threonine 654 (T-654) by protein kinase C
(PKC) is a well characterized method of desensitizing the receptor, the cells were treated with 1.6
uM PMA for 0, 10, 30 or 60 minutes (figure 3). Following PMA treatment the cells were treated
for 10 minutes with 100 ng/ml EGF. The results in figure 3 show that the same maximum level of
PY is attained with 10 minutes EGF treatment regardless of the duration of PMA treatment. This
data indicates that, at least in 468 cells and its variants, desensitization of the receptor due to PKC
phosphorylation of T-654 is a minor or unimportant mechanism of negative regulation.

The second explanation for the results obtained for figure 1 and figure 2 is that the EGF-

R's in the variant cell lines are rapidly dephosphorylated by tyrosine phosphatases while the high
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level of receptors in the parental cell line prevent efficient dephosphorylation by phosphatases. This
hypothesis was tested by treating the cells with EGF or with EGF and orthovanadate (OV), a
tyrosine phosphatase inhibitor, simultaneously (figure 4). Cells were treated with 100 ng/m! EGF
and with or without 1 mM OV for 0, 10, 30, 60 or 120 minutes. After incubation, the cellular
proteins were isolated and the EGF-R's were immunoprecipitated with anti-EGF-R antibodies. PY
levels were quantified by western blotting with an anti-PY antibody and all values were normalized
to 100% PY activity at 10 minutes post EGF treatment. The parental amplified receptor cell line
(468) does not appear to have increased maximal PY levels regardless of the duration of OV
treatment. However, treatment of the non-amplified variant (S1) with orthovanadate significantly
prolongs the maximum level of receptor PY these cells have overtime. These results show that
phosphatases are an important negative regulatory control in the non-amplified variants but they do
not seem to have a significant effect on the amplified parental cell population. This suggests that at
least part of the reason that the level of activated receptors remains elevated over time in the
amplified receptor cell line (468) is because the tyrosine phosphatases are ineffective at
dephosphorylating such a large number of receptors.

In order to determine if cell lines over-expressing EGF-R's are impaired in their ability to
efficiently down-regulate the receptor, an EGF-R immunoprecipitation was performed after treating
the cells for 0 or 120 minutes with 100 ng/ml EGF (figure 5). After EGF treatment, the cells were
lysed and proteins were extracted. The EGF-R's were immunoprecipitated with anti-EGF-R
antibodies and western blotted with a different anti-EGFR antibody. The results show that the
amplified receptor parental cell line (468) is not significantly down-regulated after 120 minutes.
However, both of the non-amplified receptor variants (S1 and S11) have reduced their total
receptor mass to less than 50% of its initial value after 120 minutes. This result indicates that in
addition to a reduction in phosphatase activity (figure 4), the amplified receptor cell line is unable to
efficiently down-regulate such a large number of receptors which would contribute significantly to

its inability to reduce its large number of activated EGF-R's.
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Another cell line, Al, was used to further test the hypothesis because it is phenotypicaly
"normal” and it has a receptor number intermediate to the non-amplified variant cell lines (S1 and
S11) and the amplified receptor parental cell line (468). The hypothesis predicts that because the
A1 cells are not transformed, even though they have a large number of receptors they should also
have the negative regulatory capacity for that number of receptors. Figure 6 shows a comparison of
Al and 468 cell types PY. Cells were treated from O to 6 hours with 100 ng/ml EGF. After
incubation the cellular proteins were isolated and the EGF-R was immunoprecipitated with anti-
EGF-R antibodies. The bands were then quantified by western blotting using an anti-PY antibody.
The figure shows that the level of PY is only slightly reduced in the 468 cell line after 6 hours EGF
treatment. However, the PY levels in the A1 cells is rapidly reduced after EGF treatment and has
returned to nearly pre-EGF treatment levels after 6 hours. These results support the hypothesis that
amplification of the receptor in the absence of concomitant amplification of its negative regulatory
components would lead to dysregulated kinase activity and uncontrolled receptor signaling.

The results from figure 3 show that desensitization of the receptor by phosphorylation at T-
654 is not an important negative regulatory control in the 468 cell line and its variants. For this
reason, the transfection of A-654 and S-654 mutants will not be performed with these cells.
Instead, only wildtype tagged receptors will be transfected into the variants in order to more closely
correlate the inability to negatively regulate activated receptors with absolute receptor number. In
addition, transfections of endocytic targeting components, such as SNX-1, may be done in the
parental cell lines to determine if an increase in the ability of these cells to traffic EGF-R's will
decrease their tumorigenic phenotype.

The effect of covalent modification on S1046/1047 was not analyzed during this time
period due to technical difficulties and it may still have a significant regulatory effect in these cells.

For this reason these experiments are about to be performed.
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Conclusions
1) Amplified receptor cell lines (468) do not seem to have the capacity to negatively regulate a
large number of activated EGF-R's when compared to non-amplified variant cell lines (S1 and
S11).
2) Neither the amplified parental cell line (468) nor the non-amplified receptor variants (S1 and
S11) appear to be negatively regulated to any significant extent by PKC phosphorylation at T-654.
3) Non-amplified receptor variants (S1 and S11) are negatively regulated to a significant degree by
tyrosine phosphatases though the amplified receptor parental cell lines do not appear to be regulated
to any significant extent by tyrosine phosphatases.
4) The inability of the parental cell line to negatively regulate activated EGF-R's is largely due a
lack in their ability to rapidly down-regulate the activated receptor.
5) The A1 cell line, which is phenotypicaly normal and possesses a receptor number greater than
either of the non-amplified receptor variants (S1 or S11) but less than the receptor number of the
amplified receptor cell line (468) is able to effectively decrease its level of activated receptors at a

rate much greater than the 468 cell line.
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Figure 1: Receptor amplification prolongs EGF-R activation.
468 parental, S1, and S11 cell types were treated for 0, 2, 30 or
60 minutes with 100 ng/ml EGF. After protein isolation,
PY/EGFR levels were analyzed by ELISA and normalized to
100% using the 2 minute timepoint as the maximum PY level.
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IP: anti-EGFR
Probe: anti-PY
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Figure 2: Total PY level is maintained at a maximum level
in the parental cell type (468), but not in either of the variant
cell types (S1 and S11). Cells were treated with 100 ng/ml
EGF for 0, 10, 30, 60 or 120 minutes. Cellular protein was
then extracted and EGF-R was immunoprecipitated. Protein
bands were resolved by PAGE and visualized by westren
blotting with anti-PY antibodies.
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Figure 3: PMA treatment does not reduce the maximum level of
PY in either the EGF-R amplified cell line or the non-amplified
variant cell line (S1). Cells were treated for 0, 10, 30 or 60
minutes with 1.6 uM PMA and then treated for 10 minutes with
100 ng/ml EGF. Cellular proteins were extracted and the EGF-
Rs were immunoprecipitated with anti-EGF-R antibody. The PY
levels were visualizedby PAGE followed by western blotting
with anti-PY antibodies. Values were normalized to 100% at O
minutes treatment with PMA.
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Figure 4: Cells were treated for 0, 10, 30, 60 or 120
minutes with 100 ng/ml EGF and + /- 1 m M orthovanadate.
After the timecourse, the cellular proteins were extracted
and the EGF-Rs were immunoprecipitated with anti-EGF-R
antibodies. PY levels were visualized by western bloting for
PY and all values were normalized to 100% at 10 minutes
post-EGF treatment.
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Figure 5: EGF-R’s are not efficiently downregulated after 2
hours EGF treatment in amplified EGF-R cell lines but are
efficiently downregulated in the non-amplified variants. Cells
were treated from 0 to 120 minutes with 100 ng/ml EGF.
After incubation, cellular proteins were extracted and the
EGF-R was immunoprecipitated with anti-EGF-R antibodies.
The bands were visualized by western blotting with a
different anti-EGF-R antibody. samples were normalized by
setting the 0 minutes timepoint to 100%.

Page 16




6.0E+03

5.0E+03

4.0E+03

3.0E+03

PY

2.0E+03

1.0E+03

0.0E+00

460 0 minutes
468 10 min —|*
468 1 hour
468 2 hours —}:
468 4 hours —f=
468 6 hours
A1 0 minutes
Al 10 min
Al 1 hour
Al 2 hours
A1l 4 hours
Al 6 hours

Figure 6: A1 reduces its number of activated receptors at a
rate intermediate to the unamplified variants and the amplified
parental cell type. Cells were treated for 0, 10 minutes, 1 hour,
2 hours, 4 hours or 6 hours with 100 ng/ml EGF. After
incubation the cellular proteins were isolated and EGF-Rs were
isolated by immunoprecipitation with anti-EGF-R antibodies. PY
was analyzed by western blotting with anti-PY antibody.
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