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Introduction

Localization of HER2 as affected by EGF-R trafficking, and HER?2

overexpression is examined. Immunolocalization, flow cytometric analysis
and Western blot techniques are used. We directly observe the localization of
HER2, quantitate the fraction of receptors inside vs. on the surface of cells,
and monitor degradation of receptors by lysosomal targeting. Unexpectedly,
we found HMEC possess a large fraction of HER2 inside the cells. EGF-R
mutants that are not properly trafficked do not mediate appropriate EGF
induced HER2 trafficking. Overexpression of HER2 causes mislocalization of
HER2. In addition, EGF induced HER2 trafficking is saturated in the HER2
overexpressing cells.




ABBREVIATIONS

EGF epidermal growth factor

EGF-R EGF receptor

HER2 receptor related to EGF-R

HMEC human mammary epithelial cells

MTSV a particular HMEC line (3)

ce2 derivative of MTSV that overexpresses HER2

cel another derivative of MTSV that overexpresses HER2

184A1L5 a particular HMEC line, also abbreviated "Al" (4)

METHODS

Downregulation:

Cells were given 100ng/ml EGF and incubated at 37° in humidified 5% CO2
incubator. At different times of incubation, cells were subjected to western
blot using standard techniques (1). Blots were probed with HER2 antibody,
1917 which was graciously provided by Dr. Gordon Gill. Bands were
quantitated with BioRad phosphorimager.

Internalization:

Cells are incubated with 10ng/ml radiolabeled EGF for a 5 minute time
course. Every minute cell surface and internalized counts are measured. The
slope of the line yield the internalization rate constant (Ke) as described

previously (2).

Localization:

Cells are fixed with 2% paraformaldehyde +/- 0.1% saponin. The fixed cells
are incubated with monoclonal antibodies against the EGF-R or HER2
(Oncogene Science), followed by secondary antibodies that are conjugated to
fluorescein. Secaondary antibody alone was used as a control. Fluorescence
intensity is measured by flow cytometry. The mean fluorescent intensity was
used as the value for each sample. For a more description see figure 5.




BODY
Specific aim II. was to be completed in year 3 of the granting period.

II. Explore the relationship between misregulation of the EGF
receptor system and growth properties of human mammary
epithelial cells.

- Overexpress the EGF-R or HER2 in HMEC and determine if
trafficking of these receptors is altered. These cells will then be
used to assess the effects upon HMEC growth and organization.

As discussed in last year's report, we have obtained another HMEC cell line,
MTSV, and its derivative, ce2, which overexpresses HER2. In the parental cell
line, HER2 is downregulated following EGF treatment. However, in the HER2
overexpressing cell line, downregulation of HER2 is nearly abolished. (Figure 1)
We hypothesized that this is because some molecule that is required to direct
HER2 trafficking to the lysosomes is present in limiting amounts. Thus,
overexpression of HER2 results in a decrease in its downregulation following
transactivation with EGF. Consistent with this idea, the number of HER2
molecules lost following 24 hour treatment with EGF is essentially identical in
the MTSV and ce2 cell lines. (Figure 2) This implies that system responsible
for degrading HER2 in MTSV cells is operating at maximum capacity.

Previously, I described experiments that demonstrated that appropriate
trafficking of the EGF-R correlated with efficient downregulation of HER2. Thus,
we reasoned that the limiting component for HER2 trafficking may be the EGF-R
itself. To address this possibility, we examined the downregulation of EGF-R
itself. Unexpectedly, we found that EGF-R downregulation was also significantly
impaired by overexpression of HER2. (Figure 3) We propose a model in which
both the EGF-R and HER2 share a common trafficking component. If HER2 is
overexpressed, then the degradation of both HER2 and EGF-R is less efficient.

There are two trafficking steps for which kinetic analyses have predicted the
existence of a saturable component: internalization and lysosomal targeting.
We measured the rate of internalization of the EGF-R to determine if HER2
overexpression effected EGF-R internalization. (Figure 4) These results showed
that the internalization rate of the EGF-R was the same in MTSV and ce2 cells.
Thus, we propose that the component responsible for targeting receptors to the
lysosomes is shared between the two receptors. Experiments are underway to
_determine if other receptors utilize this same trafficking component.

Unfortunately, these HMEC do not organize into mammary like structures when
plated on the extracellular matrix material, matrigel. Hence, the investigations
into the role of trafficking in organization on matrigel were not performed.




Instead, we have followed up on another exciting observation, namely that we
find that HER2 there is a significant intracellular pool of receptors, instead of
the expected exclusive cell surface expression.

Subcellular localization of HER2

In previous reports we showed a significant intracellular pool of HER2 in B82
fibroblasts, 184A1L5 mammary epithelial cells, and MTSV mammary epithelial
cells. In order to more quantitatively examine the surface vs. intracellular
distribution of receptors in the mammary epithelial cells, I designed a
technique utilizing fluorescent flow cytometry. (Figure 5) Cells are either fixed
or fixed and permeablized, then stained with fluorescent antibodies against
either the EGF-R or HER2. Mean fluorescent intensity is compared between
fixed samples (representing cell surface receptors) and fixed/permeablized
samples (representing internal receptors). These techniques demonstrated that
184A1L5 cells have approximately 60% of both EGF-R and HER2 inside the cell ,
while MTSV have approximately 30% of both receptors located internally.

(Figure 6)

Next we sought to determine if overexpression of HER2 changed the subcellular
localization of HER2. Figure 7 shows that the distribution of HER2 was

unchanged in ce2 compared to MTSV. Thus, the regulation of HER2 localization
is not a saturable process, at least not at the level of overexpression present in
ce2. . Further experiments are underway to measure this novel finding by other

complementary techniques.




Conclusions

Explore the relationship between misregulation of the EGF receptor
system by overexpressing HER2.

This report presents evidence demonstrating that overexpression of HER2
impairs the ability of the cell to downregulate transactivated HER2.
Unexpectedly, the downregulation of the EGF-R itself was inhibited. This
implies that these two receptors share a common trafficking component that is
required for their efficient degradation, and that this component is present in
limited quantities. Further investigation revealed that internalization of the
EGF-R was not affected by HER2 overexpression, indicating that the limiting
component is not regulating ligand induced internalization. From these data we
propose a model in which both the EGF-R and HER2 are trafficked to the
lysosome by a shared component. Importantly, when HER2 is overexpressed,
this component becomes limiting and the result is less efficient degradation of
these receptors.

Future experiments are planned to determine the range of receptors that
interact with this limiting component. Frequently one or more members of the
EGF-R family are overexpressed in breast tumor tissues. These findings are
significant in understanding the molecular mechanisms in breast cancer because
it suggests that overexpression of one member of this receptor family can affect
not only the its own regulation, but the regulation of other family members as

well.

Subcellular localization of EGF-R and HER2

This report builds on previous results demonstrating the existence of an
intracellular pool of EGF-R and HER2 in mammary epithelial cells. Here we
show that another method of measuring surface vs. internal pools of receptors
(flow cytometry) reveals similar results. Approximately 60% of these receptors
are located inside the cell in 184A1LS5, while 30% in MTSV cells are in internal
pools. Interestingly, overexpression of HER2 does not affect the localization of
the receptor. We feel that this novel finding is important, and have several
lines of investigation in progress to follow it up. These include other techniques
to measure the amount of receptors located inside the cell, whether the internal
pools are part of the endocytic pathway, and where the activation of the
receptor is occurring.
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APPENDIX
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Figure 1. Overexpression of HER2 inhibits its downregulation.

Both the parental, MTSV, and the HER2 overexpressing cell line, ce2, were
treated with 100ng/ml EGF for the indicated times. Cell extracts were
subjected to Western blot for HER2. Bands were quantitated by
phosphorimager analysis and plotted as a percentage of control.
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Figure 2. MTSV are degrading HER2 at maximal capacity

Absolute values of HER2 loss after 24 hours of EGF treatment in MTSV
compared to ce2. Values were obtained from phosphorimager analysis of cells
exposed to EGF for O and 24 hours in figure 1. ce2 cells degrade only a
marginally greater number of HER2 in response to EGF.
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Figure 3. Overexpression of HER2 inhibits the downregulation of EGFR
Cells were treated with EGF for the indicated times. Cell extracts were analyzed by
western blot for EGFR content. Bands were quantitated by phosphorimager analysis

and plotted as a percentage of control.
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Figure 4. Internalization of the EGF-R is not affected by HER2 overexpression
Cells are incubated with 10ng/ml radiolabeled EGF for a 5 minute time course.
Every minute cell surface and internalized counts are measured. The slope of the

line yields the internalization rate constant (Ke).
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Figure 5. Experimental Schematic for measuring surface vs cytoplasmic distribution
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Percent of Receptors in the Cytoplasm by Flow Cytometery

% Receptor Inside The Cell
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Figure 6. HMEC have a significant cytoplasmic pool of receptors

Cells were fixed or fixed and permeablized and bound with receptor antibodies as described in
figure 5 and the methods section. The number of receptors present inside the cell is determined
by subtracting the signal from the surface (fixed) from the total signal (fixed and permeablized).
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Figure 7. HER2 overexpression does not change the distribution of receptors
Cells were analyzed as in figure 6. ce2 and ce1 which overexpress HER2 do not
have a different distribution than the parental MTSV cells.
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