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INTRODUCTION

Results of previous studies by several laboratories have indicated that functional
interaction between members of the HER receptor tyrosine kinase family, and c¢-Src, a non-
receptor tyrosine kinase, may be involved in breast tumor formation. Overexpression and/or
gene amplification of HER1 and HER2 is seen in approximately 20-30% of human breast
tumors, and has been correlated with poor patient prognosis (Slamon ef al., 1987; Slamon et al,,
1989). Elevated pp60°>" activity has been seen in a majority of breast tumors (Ottenholf-Kalff
et al., 1992), including tumors which express HER2 (Muthuswamy et al., 1994). In addition,
stable in vitro protein-protein interactions between the SH2 domain of c-Src and HER1 or HER2
have been noted in human breast tumor cell lines (Luttrell et al., 1994). Taken together, this
evidence suggests a potential role of HER1, HER2 and c-Src working together in human breast
tumor formation and progression. Our laboratory has discovered an EGF-dependent physical
association between another HER family member, the epidermal growth factor receptor (HER1),
and c-Src in a murine fibroblast cell line engineered to overexpress both of these proteins. We
have also demonstrated this association in five breast cancer cell lines known to overexpress the
HER1 receptor (Biscardi ef al., manuscript submitted). In both the mouse model cell lines and
human breast tumor cell lines, when HER1 and c-Src are found in complex with one another,
there is a synergistic effect on tumorigenesis in vivo, as assayed by de novo DNA synthesis,
growth in soft agar, and tumor formation in nude mice. These data imply both structural and
functional interactions of c-Src and HERI, as well as a potentially critical step for tumor
progression in breast cells.

Overexpression of HER2 is observed in a number of human cancers, including breast
(Slamon et al., 1989), ovarian (Berchuck, er al., 1990), gastric (Kameda et al., 1990), lung (Kern
et al., 1990) and prostate (Ware et al., 1991). Activated HER2 can act as a potent transforming
protein when overexpressed, both in breast epithelia cell lines (Pierce er al, 1991) and in
NIH3T3 cells (DiFiore et al, 1987). Clearly, involvement of HER2 is implicated in the
mechanism of many human neoplasias.

While it shares a high percentage of homology with the HER family of receptor tyrosine
kinases (80% sequence homology between HER1 and HER2, Coussens ef al., 1985), no ligand
has been identified for HER2. Initial studies indicated that the peptide heregulin, also known as
neu differentiation factor (NDF), binds to the HER2 receptor, and causes increased
phosphorylation of downstream substrates of HER2 (Holmes ef al., 1992; Wen et al, 1991).
However, it has since been demonstrated that heregulin is a ligand for family members HER3
and HER4. Upon binding one of these receptors, heregulin can cause homodimerization of
HER3 or HER4, and heterodimerization of HER3/HER2 or HER4/HER2 (Carraway and
Cantley, 1994; Carraway, III, et al, 1995; Sliwkowski et al, 1994; Plowman et al, 1993).
Dimerization and the subsequent trans-phosphorylation then stimulates cellular signaling
pathways mediated through PI; kinase, and potentially other signaling molecules (Carraway et
al., 1995). Stimulation of cells with epidermal growth factor (EGF) is also believed to cause
heterodimerization between HER1 and HER?2, in addition to homodimerization of HER1 (Ullrich
and Schlessinger, 1990). The heterodimerization properties of the HER family members is an
area of intense study at this time and could be an important factor in the tumorigenic properties
of these receptors.




The goals of this study are to determine whether interactions occur between c-Src and
HER? in a fashion similar to those which have been demonstrated between c-Src and HER1, and
whether this interaction correlates with enhanced tumor formation. HER2 is very similar in
structure to HER1, and phosphorylates similar downstream targets. Using C3H10T1/2 murine
fibroblasts as a model system, we have engineered cell lines which overexpress HER2 and c-Src,
either together or alone. A subset of these cell lines have been assayed for physical association
of HER2 and c-Src, and remain to be assayed for changes in tumorigenic properties, changes in
phosphorylation of the receptor, and changes in the receptor phosphorylation of downstream
target molecules. Since interactions between HER2 and c-Src will first be assayed in a
simplified model system, it will be possible to correlate significant tumorigenic changes with the
overexpression of a distinct protein in an established cellular background. Comparisons of the
tumorigenicity of wildtype and kinase-deficient HER2 in the model system may also allow for a
direct test of cause and effect of the overexpression of HER2.

We have also assayed for similar changes in more complex systems, i.e. breast tumor
tissue samples and a panel of breast cancer cell lines. These tissues and carcinoma cell lines
have been screened for overexpression of HER2 or c-Src, in vivo association between HER2 and
c-Src, and changes in tyrosine phosphorylation of potential downstream receptor target
molecules. In addition, the carcinoma cell lines will be tested for their tumorigenic properties. In
cases where a cell line overexpresses either HER2 or c-Src, then the missing partner will be
overexpressed, and the cell line assayed for physical association of HER2 and c-Src, and any
changes in phosphorylation of downstream targets and tumorigenic properties.

A model cell line overexpressing both HER1 and HER2, with or without c¢-Src, will also
be constructed, in order to assay for influence of receptor heterodimerization on the synergistic
effects on tumorigenicity. These studies will serve as a template for similar future investigations
involving c-Src with HER3 and HER4. Performed both in model systems and in breast cancer
cell lines, these investigations will identify cellular molecules active in breast cancer formation
and progression, as well as potential molecules to target in breast cancer therapeutic strategies.

MATERIALS AND METHODS

Cell lines. Tumor cell lines MDA-MB-468, MDA-MB-231, MCF7 and ZR75-1 were obtained
from N. Rosen (Sloan-Kettering, New York, USA). Tumor cell lines MDA-MB-175, UACC-
893, UACC-812, SK-BR-3, MDA-MB-361, BT-474, BT-549, BT-20 and HS578Bst were
obtained from American Type Culture Collection (location, USA). Tumor cells were maintained
in Dulbecco’s modified Eagle medium (DMEM) in 10% fetal calf serum. Where indicated, cells
were stimulated with either purified mouse epidermal growth factor (EGF) (100ng/ml) or
recombinant human heregulin-a. (200ng/ml) (Sigma Chemical, St. Louis, MO, USA). The
derivation and characterization of neomycin-resistant (Neo control) and c-Src overexpressor
(5Hd47) C3H10T1/2 mouse fibroblasts have been described previously (Luttrell ef al., 1988;
Wilson et al., 1989; Maa et al., 1995). C3HI10T1/2 cell lines were maintained in DMEM with
10% fetal calf serum and 400pg/ml G418.

Overexpression of HER2 in C3H10T1/2 mouse fibroblasts. HER2 cDNA in a retroviral
vector construct (LTR-1) (gift of P. DiFiore) (DiFiore et al., 1987) were co-transfected along
with pBABE puromycin-resistance vector (Morgenstern and Land, 1990) via Lipofectin reagent




(Life Technologies, Gaithersburg, MD, USA), into Neo (control) and S5Hd47 (c-Src
overexpressors). Transfected colonies were selected with G418 (400 pg/ml) and puromycin
(concentration). Mutants of HER2 transfected include activated, oncogenic HER2 (V659E),
kinase-deficient HER2 (L753R), a potential auto-phosphorylation site mutant (Y877F), and a
chimeric receptor containing the extracellular domain of HER1 (residues -24->+621 from the
original sequence, Ullrich, et al., 1984) with transmembrane and intracellular domains of the
HER2 receptor (residues +654->+1255 from Coussens, ef al., 1985). Overexpression of HER2
and/or c-Src proteins was assayed by Western blotting, and fold increases over parental cell lines
determined by scanning by a Molecular Dynamics densitometer (San Francisco, CA, USA).
Antibodies. C-Src antibodies used include mouse monoclonal antibodies (mAb) 2-17, directed
against amino acids 2-17 (Quality Biotech, Camden, NJ, USA); mAbs GD11 and EBS, both
directed against residues 92-128 in the SH3 domain (Parsons et al., 1984; Parsons ef al., 1986);
and mADb 327, which recognizes the SH3 domain (gift from J. Brugge). HER2-specific antibody
(rabbit polyclonal), directed toward residues 1169-1186, and HER3-specific antibody, directed
toward residues 1307-1323, were obtained from Santa Cruz Biotechnologies, Santa Cruz, CA,
USA. Antibodies directed to the epidermal growth factor receptor (EGFR/HER1) mAbs 3A and
4A were provided by D. McCarley and R. Schatzman of Syntex Research, Palo Alto, CA, USA.
Their epitopes map to amino acid residues 889-944 and 1052 and 1134, respectively (Maa,
1995).  Anti-phosphotyrosine (p-Tyr) polyclonal antibody (RC20) was purchased from
Transduction Laboratories (Lexington, KY, USA), and SHC polyclonal antibody was purchased
from UBI (Lake Placid, NY, USA). Anti-phospho-MAPK antibody was purchased from
Promega (Madison, WI, USA), and anti-pan MAPK antibody (B3B9) was the gift of M. Weber
(Reuter et al., 1995). Negative control antibodies include purified normal rabbit or mouse
immunoglobulin (Jackson Immunoresearch Laboratories, West Grove, PA, USA).
Immunoprecipitation and Western immunoblotting. Cells were lysed in RIPA detergent
buffer (10mM Tris-HCI pH 7.2, 1% Triton-X, 0.5% sodium deoxycholate, 150mM NaCl, 1mM
EDTA, 1mM sodium orthovanadate, 50pg/ml leupeptin and 0.5% aprotinin). Tumor samples
were minced with a scalpel and ground in a Dounce homogenizer in RIPA buffer. All lysates
were cleared by centrifugation, and protein concentration determined by Bradford assay. For
immunoprecipitation, 5 pg of antibody was added to 500 pg of cell lysate incubated while
rocking at 4°C for 2 hours, and then incubated for an additional hour at 4°C with protein A-
sepharose beads (Sigma Chemical).  After incubation, samples were centrifuged, and the
sepharose beads washed three times with RIPA buffer. The samples were then resuspended in
2X sample buffer (125mM Tris-HCl, 4% SDS, 10% glycerol, 0.02% bromophenol blue, 4%
mercaptoethanol), run through a 7% SDS-polyacrylamide gel and immunoblotted according to
previously published protocols (Luttrell et al., 1988; Wilson et al., 1989; Maa ef al., 1995).
Binding of primary antibodies was visualized by 125I-protein A used at 1 pCi/ml (New England
Nuclear, USA), or by enhanced chemiluminescence (Amersham, Buckinghamshire, England).

RESULTS AND DISCUSSION
Development of stable HER2 overexpressing cells. The development and characterization of

wildtype and mutant HER2-overexpressing cell lines in the C3H10T1/2 mouse fibroblast system
has progressed, both in the presence and absence of the overexpression of c-Src. Four of ten




model cell lines have been obtained (Table I). Alternative transfection protocols are being
discussed to develop the missing lines. We have examined the three cell lines which overexpress
c-Src and kinase-deficient HER2 for heterocomplex formation, and in each of these cell lines, we
have demonstrated that HER2 co-immunoprecipitates with c-Src using the monoclonal antibody
2-17 to c-Src.

Overexpression of ¢-Src and HER family members in human breast carcinoma cell lines. A
panel of human breast carcinoma cell lines was analyzed by Western blotting for protein
expression levels of ¢-Src and HER family members (Figure 1). Scanning densitometry of
autoradiographs of the blots is shown in Table II. Nine of these cell lines exhibit expression of c-
Src greater than two-fold above the normal control human breast epithelial cell line, HS578Bst.
Many cell lines exhibit increased expression of HER1, HER2 or HER3, in various combinations.
In the majority of cases, however, expression of HER1 and HER2 appears to be mutually
exclusive in the same tumor cell line. This finding agrees with published literature which
indicate that HER2 is typically expressed in earlier stage breast carcinomas (De Potter et al.,
1990; Gusterson et al., 1988; Gusterson ef al., 1988b; Maguire et al., 1992; Ramachandra ef al.,
1990; van de Vijver et al., 1988), while HER1 is expressed in later, more aggressive tumors
(Battaglia et al., 1988; Sainsbury et al., 1987; Toi et al., 1991).

Association of c-Src with HER2 in human breast tumor samples. A panel of human breast
carcinoma tissue samples was analyzed by immunoprecipitation and Western blotting with
antibodies to HER?2 and c-Src for in vivo association between c-Src and HER2 (Figure 2). Three
of thirteen tumors exhibit a specific ¢-Src/HER2 complex, compared to Neo cells. Tumors
UVA156 and UVA263 were scored as positive for c-Src/HER2 complex formation, whereas
MichN1 was scored as negative for complex formation. In addition, HER2/HER1 (UVA156 and
UVA263) and HER2/HER3 (UVA156) complexes can be seen, indicating heterodimerization
between HER family members in these tumors. Table III summarizes tumor type and grade,
estrogen receptor (ER) status and lymph node involvement for each tumor, if known, as well as
relative levels of c-Src and HER?2 protein of each tumor. This complex formation between c-Src
and HER2 has been demonstrated in transgenic mice mammary tumors (Muthuswamy et al.,
1994), but this is the first demonstration of an in vivo association in human breast carcinoma
samples.

Physical association of c-Src with HER2 in human breast carcinoma cell lines. Similarly, a
panel of human breast carcinoma cell lines were examined for a c-Src/HER2 complex upon
EGF- and heregulin-stimulation. Four of the cell lines tested are represented in Figures 3 and 4
(MDA-MB-361, MDA-MB-453, MCF7, MDA-MB-468). Of the nine human breast tumor cell
lines which overexpress both HER2 and c-Src, three exhibit constitutive association between c-Src
and HER?2 in serum-starved cells (MDA-MB-361, MDA-MB-453, UACC-812). The amount of
‘HER2 which co-immunoprecipitates with the 2-17 a-c-Src antibody can be augmented when the
cells are stimulated with 100ng/ml EGF for 5 minutes. However, heregulin stimulation
(200ng/ml, 5 minutes) of the cells does not increase the amount of c-Src/HER2 complex above
constitutive levels. These data suggest the association between HER2 and c-Src may be
mediated through activation of HER1 and HER1/HER2 heterodimerization in these cell lines,
and not through HER3 or HER4. In addition, the presence of constitutive complexes between c-
Src and HER?2 suggest that an growth factor autocrine loop may be at work in these cell lines.




Analysis of phosphotyrosine content of cellular proteins of human breast carcinoma cell
lines. EGF and heregulin bind transmembrane receptors of the HER family expressed in breast
carcinoma cells. Activation consequently leads to an activation of the receptor tyrosine Kinase
activity, and an increase in tyrosine phosphorylation of receptor substrates. To determine which
substrates may be phosphorylated after EGF or heregulin treatment, and possibly be involved in
downstream signaling cascades, we analyzed the phosphotyrosine content of cellular proteins by
immunoblot with an o-phosphotyrosine specific antibody of whole cell lysates (Figure 5). A
protein of approximately 185kDa is constitutively phosphorylated in two cell lines, MDA-MB-
361 and MDA-MB-453, yet is not evident in MCF7 or MDA-MB-468 cells. The p-Tyr signal of
this protein increases upon stimulation with heregulin. A protein of 170kDa is
hyperphosphorylated in MDA-MB-468 cells upon EGF stimulation, as well as a spectrum of
proteins between 43kDa and 69kDa. A similar spectrum of proteins increases in p-Tyr signal
upon treatment with heregulin. In addition, proteins of approximately 97kDa to 140kDa exhibit
an increase in p-Tyr signal upon heregulin treatment.

Signal transduction of SHC and MAPK in human breast carcinoma cell lines. In attempts to
discern the signal transduction pathways which may be activated by EGF or heregulin when this
complex is present, we have examined four of the breast carcinoma cell lines for phosphorylation of
SHC and MAPK in the presence of EGF or heregulin (Figures 6 and 7). In one of the cell lines
which overexpress HER2, and exhibits heterocomplex formation between HER2 and ¢-Src (MDA-
MB-453), SHC is constitutively phosphorylated. This finding is consistent with the constitutive
phosphorylation of MAPK in this cell line. However, MAPK phosphorylation is inducible by both
EGF and heregulin, suggesting a pathway other than SHC may be contributing to the cumulative
phosphorylation of MAPK, or perhaps different residues of MAPK become phosphorylated by
EGF or heregulin stimulation. In another cell line which shows a heterocomplex between HER2
and c-Src, MDA-MB-361, where there is low constitutive phosphorylation of both SHC and
MAPK, phosphorylation of both molecules is inducible by EGF. Taken together, these data
suggest that there are multiple pathways to activate mitogenesis via MAPK in these cell lines,
mediated by multiple HER family members.

Progress towards Specific Aims.

Specific Aim 1. Derive stable cells lines overexpressing c-Src or wild-type HER2 alone or in
combination and examine them for growth, morphology and tumorigenic properties. Other
transformants to be assayed include activated HER2, kinase-mutant HER2, and a chimeric
receptor containing the extracellular domain of HERI, and the transmembrane and
intracellular domains of HER2.

Moderate progress has been achieved for this specific aim, and new methods of transfection
are being attempted to generate the remaining stable HER2 clones.

Specific Aim II. Screen a panel of human breast carcinoma cell lines for overexpression of ¢c-Src
or HER2, or both. In cell lines overexpressing only one of these, overexpress the missing
partner and assay for effects on tumorigenicity.




Screening of this panel is complete. Assays of tumorigenicity for the panel and transfections
to overexpress the missing partner will be complete within one year.

Specific Aim III. Examine derived cell lines overexpressing c-Src and HER2 as well as breast
carcinoma cell lines for in vivo association of c-Src with HER2. If in vivo association is
evident, examine both c-Src and HER2 immunoprecipitated in the complex for novel sites of
phosphorylation, and assay for differences in the phosphorylation state of downstream
substrates of HER2 and c-Src.

Assays for c-Src/HER2 complex formation in breast carcinoma cell lines are complete, as
well as assays for changes in phosphorylation of downstream substrates. Novel sites of
phosphorylation for the HER2 receptor while in complex with ¢-Src will be completed within
9 months.

Specific Aim IV. Derive stable cell lines overexpressing wild-type HER1 and HER2
simultaneously, with and without overexpression of ¢-Src, and assay for changes in growth,
morphology and tumorigenicity. Comparisons will be made between these cell lines and
those derived to overexpress HER2 alone, with or without overexpressing c-Src.

This specific aim will be completed within the last year of funding.

CONCLUSIONS

1. HER family members as well as c-Src are overexpressed in the majority of human breast
tumor cell lines and breast tumors tested (total of 27).

2. In 3 of 14 breast tumor cell lines and in 3 of 13 human breast tumors, HER2 and c-Src are
physically associated in an immune complex. However, in contrast to the HER1/Src model
system, overexpression of neither HER2 or c-Src is required for physical association. Similar to
the HER 1/c-Src model, the HER2/c-Src association in the cell lines is inducible by EGF but not
by heregulin.

3. One of the 3 cell lines (MDA-MB-361) exhibiting the HER2/c-Src complex shows inducible
SHC phosphorylation in response to both EGF and heregulin, while another (MDA-MB-453)
shows constitutive phosphorylation of SHC, insensitivity to EGF, but inducibility to heregulin.
These data indicate that there is no correlation between HER2/c-Src association and SHC
phosphorylation.

4. MAPK shows low basal levels and activation in all cell lines (to varying degrees) in response
to both EGF and heregulin. In the MDA-MB-453 cell lines, activation of MAPK in response to
EGF is SHC-independent, while in MDA-MB-361 cells, activation of MAPK correlates with
SHC tyrosine phosphorylation.
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5. EGF-inducibility of HER2/c-Src association correlates with MAPK activation but not with
SHC tyrosine phosphorylation.
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APPENDIX

Table I. Development of stable transfectant cell lines. Stable clones of C3H10T1/2 mouse
fibroblasts which overexpress wildtype or mutant HER2 protein are listed, with the relative
levels of expression above parental 10T1/2 cells shown in parentheses. C-Src overexpressors
(5Hd47) cells express c-Src protein approximately 25-fold over endogenous 10T1/2 levels
(Luttrell et al., 1988, Wilson ef al., 1989).

Figure 1. Human breast carcinoma cell lines overexpress HER family members and c-Src
protein. Lysates were prepared in RIPA detergent buffer and 100ug protein loaded per well on a
7% SDS-polyacrylamide gel, transferred onto nylon membrane and immunoblotted with the
following antibodies: p185HER2, Santa Cruz SC-284; p18OHER3, Santa Cruz SC-285; p17OHER1,
3A/4A,; p600'sr°, 2-17. Primary antibodies were visualized by 125I—protein A.

Table II. Relative levels of HER family members and c-Src in human breast carcinoma cell
lines. Autoradiographs from Figure 1 were analyzed by densitometry and compared to
Hs578Bst, a normal human mammary epithelial cell line. The lowest detectable signal on each
blot was set as 1.0, and fold difference of the cell lines determined. An * indicates a signal was
below the limits of detection by Western blotting. Also included in the table are estrogen
receptor (ER) status of the cell lines, as determined by Western blotting (Biscardi et al.,
manuscript submitted), and physical association between c-Src and either HER1 or HER2, as
determined by immunoprecipitation with monoclonal antibodies to c-Src.

Figure 2. C-Src and HER2 show in vivo association in human breast tumor samples.
Tumor lysates were homogenized and lysed in RIPA detergent buffer, and immunoprecipitated
with either a-Src (S), a-HER1 (H1), a-HER2 (H2), a-HER3 (H3) or mouse o~rabbit IgG (-)
antibodies. IPs were then separated through a 7% SDS-polyacrylamide gel and transferred to
nylon membrane. The membrane was cut between the 97kDa and 69kDa markers, and the top
half probed with a-HER2 polyclonal antibody, and the bottom half probed with a-c-Src
monoclonal antibody 2-17. Both primary antibodies were visualized by 125I-protein A ()
indicates mouse a-rabbit IgG as a negative control for immunoprecipitation.

Table III. Summary of Human Breast Tumors Tested for Physical Association of HER2
and c-Sre. Human breast tumor samples obtained from the UVA Tissue Procurement Facility
and the University of Michigan Tumor Bank were analyzed by immunoprecipitation and Western
blotting for physical association between HER2 and c-Src. Tumor type and grade, ER and
lymph node status, and relative levels of HER2 and c-Src protein are listed for each tumor.

Figure 3. EGF-inducible association between ¢-Src and HER2 in human breast carcinoma
cell lines. Panel A: MDA-MB-361, MDA-MB-453, MCF7 and MDA-MB-468 cells were
serum-starved, and stimulated with 100ng/ml EGF (+), or serum-free media (-). The cells were
then lysed and immunoprecipitated with either a-Src (S), o-HER2 (H2) or mouse a~rabbit IgG
(-) antibodies. IPs were then separated on a 7% SDS-polyacrylamide gel and transferred onto
nylon membrane. The upper half of the membrane was probed with a-HER2 primary antibody,
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and the lower half probed with a-Src (2-17) primary antibody. Both primary antibodies were
visualized by "*’I-protein A. Panel B: Cell lysates from unstimulated MDA-MB-361 cells were
immunoprecipitated with four antibodies to c-Src, 2-17, GD11, mAb327, and EBS, and four
negative control antibodies, rabbit a.-mouse IgG, mouse o-rabbit IgG, rabbit a—goat IgG and
purified mouse IgG. The IPs were immunoblotted as above.

Figure 4. Heregulin-independent association between c¢-Src and HER2 in human breast
carcinoma cell lines. MDA-MB-361, MDA-MB-453, MCF7 and MDA-MB-468 cells were
serum-starved, and stimulated with 200ng/ml heregulin (+), or serum-free media (-). The cells
were then lysed and immunoprecipitated with either a-Src (S), a-HER2 (H2) or mouse o—rabbit
IgG (-) antibodies. IPs were then separated on a 7% SDS-polyacrylamide gel and transferred
onto nylon membrane. The upper half of the membrane was probed with a-HER2 primary
antibody, and the lower half probed with a-Src (2-17) primary antibody. Both primary
antibodies were visualized by 125I-protein A.

Figure 5. EGF- and heregulin-inducible tyrosine phosphorylation of cellular proteins of
human breast carcinoma cell lines. Cell cultures were serum-starved overnight, and stimulated
for five minutes with either EGF (100ng/ml) (Panel A) or heregulin-o (200ng/ml) (Panel B).
Lysates were prepared in RIPA detergent buffer and 100pg protein loaded per well on a 7%
SDS-polyacrylamide gel, transferred onto nylon membrane and immunoblotted with o-
phosphotyrosine (p-Tyr) antibody. The primary antibody was recognized by enhanced
chemiluminescence (ECL).

Figure 6. Constitutive, EGF- and heregulin-inducible tyrosine phosphorylation of SHC in
human breast carcinoma cell lines. Cell cultures were serum-starved overnight, and stimulated
for five minutes with either EGF (100ng/ml) (Panel A) or heregulin-o. (200ng/ml) (Panel B).
Lysates were prepared in RIPA detergent buffer, and immunoprecipitated with o-SHC antibody.
IPs were separated on a 7% SDS-polyacrylamide gel, transferred onto nylon membrane and
immunoblotted with a-phosPhotyrosine (p-Tyr) antibody or a-SHC antibody. The primary
antibody was recognized by 25I-protein A.

Figure 7. Activation of MAP kinase by EGF and heregulin-o. in human breast carcinoma
cell lines. Cell cultures were serum-starved overnight, and stimulated for five minutes with either
EGF (100ng/ml) (E) or heregulin-o. (200ng/ml) (H). Lysates were prepared in RIPA detergent
buffer and 100ug protein loaded per well on a 7% SDS-polyacrylamide gel, transferred onto
nylon membrane and immunoblotted with either a-phospho-MAPK antibody or a-MAPK
(B3B9). The primary antibody was recognized by 125I-protein A.
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Table I.
Development of stable transfectant cell lines.
Constructs Needed: Control Background: ¢-Src Overexpressor:
wildtype HER2 v3(3.0)
oncogenic HER2 (V659E) v4(5.1)
HER1/HER2 chimera
kinase-deficient HER2 (L753R) v 3(24.6)

phosphorylation-site mutant HER2 (Y877F) v 3 (6.3)

'ndicates number of clones obtained and (fold overexpression).
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Human Breast Carcinoma Cell Lines Overexpress
HER Family Members and c-Src Protein
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EGF- and Heregulin-inducible Tyrosine Phosphorylation
of Cellular Proteins of Human Breast Carcinoma Cell Lines
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