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Introduction 

The epidermal growth factor (EGF) receptor family members are tyrosine kinase receptors which 
transduce extracellular signals by ligand mediated receptor homo- and/or hetero-oligomerization and 
subsequent transphosphorylation of the opposing oligomer member. This results in the recruitment of 
specific proteins leading to the activation of various signaling pathways. ErbB2, which possesses no 
known ligand, is thought to activate signaling pathways only through hetero-oligomerization with the 
other receptor members. ErbB2 has been shown to play a role in breast cancer, as amplification and 
overexpression of this gene are observed in a significant fraction of human breast cancers. Furthermore, 
high levels of erbB2 expression correlate with an aggressive tumor phenotype and poor patient prognosis. 
With the inception of Herceptin, a humanized antibody directed against erbB2, it has become clear that 
erbB2 may be an important target for breast cancer treatment. While it is unclear how erbB2 causes 
transformation and tumor formation, current evidence suggests that ligand dependent hetero- 
oligomerization may play a primary role. In our studies, we hope to dissect the mechanism of erbB2 
hetero-oligomerization (and subsequent activation) with erbBl. We plan to achieve this by developing an 
in vivo reporter system using erbB/IL2 receptor chimerae, where ligand mediated oligomerization of the 
extracellular domains of the erbB receptors will in turn drive oligomerization of the IL2 receptor 
intracellular beta and gamma chains of these receptor chimerae. This intracellular beta-gamma chain 
association will generate a proliferative signal in B or T cells (which are erbB receptor null) in an IL2 
independent manner. Using this approach, we hope to dissect and understand how erbB2 is normally 
activated and suggest novel therapies directed against the activation of erbB2 in breast cancer treatment. 



Body 

Aiml: Investigate EGF dependent erbBl homo-oligomerization and erbBl-erbB2 hetero-oligomerization 
in vivo and identify structural determinants of hetero-oligomerization. 

For this aim, I have created the various erbBl/IL2 and erbB2/IL2 receptor chimerae expression 
plasmids (Aim la) and created B-cell lines stably expressing these receptor chimerae (Aim lb). While 
creation of stable cell lines expressing only one receptor chimerae has been feasible, creation of stable 
cell lines expressing two receptor chimerae has been difficult to achieve. In the case for determining 
epidermal growth factor (EGF) dependent erbB 1 homo-oligmerization (as a positive control for this 
system), I have not been able to generate a cell line expressing both erbBl/IL2 receptor chimerae as 
shown in figure 1. hi this figure, the heteromeric interaction of the intracellular beta and gamma chain of 
the IL2 receptor mediates B or T-cell proliferation in the absence of IL2. 
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However I have made a Baß (mouse pro-B cell) cell line stably expressing only a single erbB 1/IL2R beta 
chimera, and it has been shown that in this cell line only, a homomeric interaction of the intracellular beta 
chain of the IL2 receptor can also mediate a proliferative signal (figure 2). 
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Upon testing testing these cell lines in a proliferation assay, I am able to see EGF dependent erbBl homo- 
oligomerization (Aimlc); this is evident by an EGF dependent (and IL2 independent) proliferation of only 
Baf3 cells expressing these chimerae (figure 3). However the proliferative signal was not as robust as 
reported with similarly designed receptor chimerae (as compared with a saturating concentration of IL2). 
In this proliferation assay, I basically wash the cells, starve them for a brief period, treat with ligand of 
interest for approximately 16 hours, and finally treat with tritium labeled thymidine for the final three 
hours. The cells are subsequently harvested on a membrane and the incorporated tritium labeled 
thymidine is counted. Expression of receptor chimerae of each stable cell line was determined by flow 
cytometry, using a labeled antibody directed against the extracellular domain of erbB 1. As seen in figure 



4, expression of these chimerae appears to be sufficient. The line traces are Baf3 cells alone treated with 
antibody, and filled traces are Baf3 cells expressing receptor chimerae treated with antibody. 

Figure 3: 
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With these results, albeit not as robust as expected, I proceeded to test erbB 1 and erbB2 hetero- 
oligomerization (Aimld). I again used the Baß cell line to make stable cell lines; however, to avoid the 
proliferative effects of EGF dependent erbBl homo-oligomerization (as seen above), I generated a stable 
cell line expressing an erbBl/IL2R gamma chimerae and an erbB2/IL2R beta chimerae. As seen in figure 
5, EGF treatment of cells expressing both erbBl and erbB2 receptor chimerae should result in hetero- 
oligomerization of the extracellular domains of erbBl and erbB2. This in turn will result in the 
intracellular association of the IL2R beta and gamma chains mediating B-cell proliferation. In Baf3 cells 
expressing only a erbBl/IL2R gamma chimera, EGF will enable homo-oligomerization of the erbBl 
chimerae, but the intracellular IL2R gamma-gamma association will not yield a proliferative response. In 
Baß cells expressing only an erbB2/IL2R beta chimera, EGF will not bind to or enable homo- 
oligomerization or the erbB2 chimera. Thus a proliferative signal should not be seen in this case as well. 
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I generated stable cell lines expressing both erbB2 and erbBl receptor chimerae by stably 
transfecting in the erbB2 chimera, selecting for expressing cells by fluorescence activated cell sorting (via 
an erbB2 antibody directed against the extracellular domain), and subsequently stably transfecting in the 
erbBl chimera (Aim lb). As mentioned earlier, I have been having problems generating stable cell lines 
expressing two receptor chimerae. In this case, I am able to generate cell lines expressing only one 
receptor chimerae somewhat easily, however upon introduction of the second chimera, I am only able to 
observe expression of this receptor only in a small percentage of the cells (after selection of expressing 
cells by fluorscence activated cell sorting). This is illustrated in figure 6, where expression of an erbBl 
and erbB2 chimera are analyzed in the same cell line (double stable) using flow cytometry. Once again, 
the line traces are Baß cells alone treated with antibody and filled traces are Baß cells expressing 
receptor chimerae treated with the relevant antibody. Similar expression profiles are observed in cells 
expressing both the B2/ß/ß and Bl/y/y receptor chimerae. 

Figure 6: 
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Despite the expression problem of the second stably transfected receptor chimera, I performed 
proliferation assays to determine if I can see EGF dependent hetero-oligomerization of erbB 1 and erbB2 
in this reporter system (Aimld). In the case of figure 5 A, EGF treatment of cells expressing these 
chimerae yielded a proliferative response (see figure 7A). Cells expressing the erbB2/IL2R beta chimera 
alone yielded no response when treated with EGF (figure 7A), as expected for reasons mentioned above. 
Cells expressing the erbBl/IL2R gamma chimera alone have been generated but have not been tested yet 
in this assay; however we predict that upon EGF treatment, no proliferative effect would be seen as 
mentioned above. This indicates that EGF dependent hetero-oligomerization can be observed between 
the erbB2/B2/ß and erbBl/Bl/y chimerae. Similar results are observed in the case for figure 5B (see 
figure 7B), although a more robust proliferative signal is observed in this case. Given these results, it is 
evident that this in vivo system will be useful in dissecting the mechanism of hetero-oligomerization 
between erbBl and erbB2. Furthermore, the results in figure 7B (also see figure 5B) suggest that the 
extracellular domains of erbB 1 and erbB2 are sufficient for EGF dependent hetero-oligomerization in 
vivo (Aim Id). It should be recognized that the results addressing structural requirements for erbBl- 
erbB2 hetero-oligomerization are in the context of receptor overexpression and ligand saturation. It is not 
clear whether other domains are required in the context of physiological receptor expression levels and 
physiological levels of circulating ligand. These results basically answer most of the questions addressed 
in aim 1, but more effort is required in generating stable cell lines which express both receptor chimerae 
sufficiently. This will certainly improve the proliferative signal observed for erbB receptor hetero- 
oligomerization and will enable me to address aim 1 e, aim 2, and aim 3 in a more efficient manner. 
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Key research accomplishments 

Created receptor chimerae constructs of various deletions of erbBl and erbB2 (Aim la) 
Created stable cell lines expressing the various receptor chimerae (Aim lb) 

-although more effort is required in this area to efficiently generate stable cell lines expressing 
sufficient levels of two or more receptor chimerae 

Observed EGF dependent erbBl homo-oligomerization using this in vivo reporter system (Aimlc) 
Observed EGF dependent erbB 1 -erbB2 hetero-oligomerization using this in vivo reporter system 
(Aimld) 
Identified structural determinants required for EGF dependent erbBl-erbB2 hetero-oligomerization 
(Aim Id) 

Reportable outcomes 

None 

Conclusions 

The results presented in this report indicate that the in vivo reporter system proposed will be 
useful in dissecting the mechanism of hetero-oligomerization between erbBl and erbB2. To date, I have 
been able to observe EGF dependent erbBl homo-oligomerization as a control for this system. 
Furthermore, I have been able to observe EGF dependent erbBl-erbB2 hetero-oligomerization using this 
assay and I have been able to address the structural requirements for this hetero-oligomerization. While 
progress has been made in aim 1, further work is required to improve the assay. Particular effort, I 
believe, is required in establishing cell lines which express more than one receptor chimera at a sufficient 
level. Once we can establish this, we will be able to address the remaining aims of this proposal in an 
efficient and convincing manner. The results obtained from the remaining aims should provide insight 
into the regulation of activation of erbB2. We hope that by understanding this normal mode of regulation 
(or hetero-oligomerization), we will provide further insight into blocking the deleterious effects of erbB2 
overexpression in breast cancer. 

References 

none 

Appendices 

none 


