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El-Ashry, D. 

NOTIFICATION OF CHANGE IN SCOPE 

On August 24,1995,1 requested approval from my Grants Officer, Ms. Patricia Shoop, for 
a change in scope to my Career Development Award entitled "Growth Factor Regulation of Estrogen 
Receptor Function-A Pathway to Estrogen Independence." The major hypothesis of this proposal 
was that growth factor signaling in human breast cancer cells would activate the estrogen receptor 
(ER) in the absence of estrogen, thus leading to estrogen independent growth, and that this 
represented an early step in the progression to estrogen-independence. The three specific aims were 
designed to study this question by analyzing the effects of growth factors on the activation of ER 
with the end-point of analysis being activation of its target DNA response element. 

In the course of performing the experiments proposed in the Statement of Work for months 
1-18, however, technical problems were encountered. Briefly, in repeating EGF treatment of the 
ERE-CAT stably-transfected MCE5 cell line, equivocal results were obtained making it difficult to 
quantitate the effects of EGF on ER activity. In addition, three attempts at stably transfecting the 
control MCNC4 cell line were unsuccessful. As a result, I felt a reassessment of how best to answer 
the major question proposed in this grant was necessary. I thought that examining the role of a key 
downstream effector of growth factor signaling in the progression to estrogen-independence might 
yield more productive results. 

I hypothesized that the constitutive activation of the Raf-1 kinase in ER positive breast cancer 
cells (MCF-7) would result in the acquisition of estrogen-independent growth. And, should this 
occur, then these cells would make a useful model system to study the effects on ER activation. We 
therefore established several clones of MCF-7 cells stably expressing a truncated, constitutively 
active Raf and examined these clones for their ability to grow in the absence of estrogen. As 
hypothesized, the constitutive activation of Raf did result in estrogen-independent growth. In 
addition, two extremely interesting observations were made ~ the constitutively active Raf also 
induced apoptosis in these cells, and cells grown long-term in the absence of estrogen lost ER. 

In summary, the overall goal of the study has not changed but I feel that we now have a 
stronger model to study the effects of growth factor signaling in the growth of estrogen-dependent 
breast cancer cells. We can therefore examine the downstream effects of this constitutive Raf 
activity that lead to estrogen-independent growth, loss of ER, and the induction of apoptosis. 
Consequently, I would like to request a somewhat more general title: Role of Raf-1 Signaling in 
Breast Cancer-Progression to Estrogen Independent Growth. 

On September 19,1995,1 was notified by Ms. Shoop that the requested changes in title and 
scope had been approved. The formal paperwork to officially designate these changes is in progress. 
She recommended that I write the annual progress report on the new line of investigation. As a 
result, I have written in this report a more extensive introduction than would normally be necessary, 
but I feel it is important to introduce this new subject material sufficiently. 
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INTRODUCTION 

Breast cancer growth can be estrogen-dependent or -independent. Estrogen-dependent breast 
cancer, that is breast cancer that expresses functional estrogen receptors (ER) and requires estrogen 
for growth, has a better prognosis than estrogen-independent, ER negative breast cancer (1-4). This 
better prognosis is reflected in both a longer disease-free survival and overall survival, as well as, 
response to endocrine therapies such as the antiestrogen tamoxifen. 

It is well established that estrogen treatment of ER+ breast cancer cells results in increased 
growth and the increased expression of several growth factors such as transforming growth factor-a 
(TGF-a) and insulin-like growth factor-I (IGF-I), as well as tyrosine kinase growth factor receptors 
such as the epidermal growth factor receptor (EGFR) [reviewed in (5,6). As a result, it has long been 
hypothesized that estrogen promotes cellular proliferation via the induction of specific growth factors 
and their cognate receptors thus setting up an autocrine loop. Upon progression to estrogen- 
independent growth, there is loss of ER expression and overexpression of certain growth 
factors/receptors, such as TGF-a and EGFR. Given this, it is also possible that signal transduction 
via growth factor tyrosine kinase receptors is a separate and alternate pathway and thus a mechanism 
for bypassing estrogen-mediated effects. Upregulation of these pathways may therefore be an early 
event in progression to the ER- phenotype. Many studies support this idea. Breast cancer cells 
overexpressing FGF-4, FGF-1, or heregulin become tumorigenic in nude mice in the absence of 
estrogen (7,8). Overexpression of EGFR or erbB-2 in breast cancer cells confers a growth advantage 
in estrogen-depleted media (8-10) and can increase tumorigenesis in nude mice in the absence of 
estrogen. 

Most of the tyrosine kinase receptors like EGFR, erbB-2, and fibroblast growth factor 
receptor (FGFR) transduce their signals via the GTP-binding protein Ras [reviewed in (11-13)]. In 
the last couple of years, the pathways activated by Ras have been elucidated and many of the key 
intermediates have been identified. One of the major pathways initiated by the EGFR ligands is the 
mitogen activated protein kinase (MAP kinase or MAPK) phosphorylation cascade [reviewed in 
(14)]. Upon binding of ligand, the activated receptor interacts with and activates Ras, resulting in 
the subsequent activation of the Raf protooncogene. Raf-1, one of three Rafs [reviewed in (15,16)], 
is a serine/threonine kinase that can directly phosphorylate nuclear transcription factors like p53 (17). 
It also activates MAP kinase kinase (MAPKK or MEK), a dual specificity kinase that can 
phosphorylate both serine/threonine and tyrosine residues. MEK then phosphorylates MAPK on 
threonine and tyrosine, and the activated MAPK which is a serine/threonine kinase is able to 
phosphorylate several nuclear transcription factors including Myc, Elk, and Rsk (18-23). It is now 
known that not only can the activated Ras oncogene cause cellular transformation (24,25), but that 
activated v-Raf or a constitutively activated MAPKK can also result in transformation (26-29). 

We were interested in studying the role of Raf in human breast cancer for several reasons. 
First, there are several studies indicating that oncogenic Ras transfected into ER+ MCF-7 cells 
renders them estrogen-independent. Dickson et al reported that oncogenic Ras in MCF-7s conferred 
estrogen-independent growth in vitro but not in vivo, and Sukumar et al obtained similar results 
(30,31). In studies by Kasid et al and Sommers et al, stable transfection of Ras into MCF-7 human 
breast cancer cells rendered them estrogen-independent in anchorage-dependent or -independent 
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growth and resulted in limited growth in vivo, suggesting that constitutive activation of the Ras 
pathway could either substitute for or bypass entirely the requirement of estrogen for the growth of 
these cells (32-34). While activating mutations of Ras are very rare in breast cancer, overexpression 
does occur in -70% of breast cancer cases (35,36). This overexpression may have significant impact 
on the downstream effectors of Ras, such as Raf. Alternatively, the difficulty in obtaining estrogen- 
independent in vivo growth in the above studies might suggest that activation of signals downstream 
of Ras, such as Raf, may be limiting. A second reason to study Raf is that many other signaling 
systems such as protein kinase C (PKC) and protein kinase A (PKA) have been recently shown to 
activate or inactivate Raf respectively (37-39), suggesting that Raf may play a pivitol role in signal 
transduction by several different pathways known to be important in breast cancer. 

In this study, we report that stable transfection of a constitutively active Raf kinase into 
MCF-7 cells results in estrogen-independent growth, but the cells remain responsive to estrogen. 
However, while the high Raf activity seems to allow for growth in the absence of estrogen, this high 
activity is not compatible with growth in the presence of estrogen and continued growth in estrogen- 
containing medium results in down-regulated expression of the transfected Raf. Perhaps most 
interesting is that high levels of Raf activity in these cells leads to apoptosis. 

RESULTS 

Characterization of Raf Transfectants for A -raf Expression and Kinase Activity. To 
begin to study the role of Raf in breast cancer cells, ER+ MCF-7 cells were stably transfected with 
a constitutively active Raf construct or a construct lacking the Raf cDNA. This construct consists 
of two cytomegalovirus (CMV) promoters where the first drives the expression of a hygromycin 
resistance gene and the second drives the expression of an amino terminal-truncated Raf (Figure 1). 
The deletion of the first 305 nucleotides of Raf results in a constitutively active kinase (26,28). After 
selection of single cell clones and their expansion, 15 hygromycin resistant clones were analyzed for 
expression of the transfected Raf (designated A-raf) by Western blotting. Of the 15, six were 
positive for expression of the ~34KDa truncated Raf. In addition, a pooled population of cells 
transfected with the vector alone was expanded and used as a control (Figure 2). An in vitro kinase 
assay was performed with these six clones to determine if the transfected Raf exhibited constitutive 
kinase activity. High levels of kinase activity, several-fold over that seen for endogenous Raf in the 
control pool, were obtained for each of the six clones (Table I). 

These six clones and the vector control pool were maintained in media containing phenol red 
and 10% fetal bovine serum (FBS) or were switched to growth in media without phenol red and 10% 
charcoal stripped serum (CCS) to examine the growth in the absence of estrogen (Figure 2). At the 
point of this switch, the cells had been growing in FBS conditions for about 4 weeks. Over the first 
month in CCS, each of the clones appeared to be growing normally, whereas the control vector- 
transfected cells grew poorly, as expected of MCF-7 cells in the absence of estrogen. After 8 weeks 
in CCS, three clones were growing very well, as were their counterparts in FBS media. The other 
three clones had slowed considerably. After another 6 weeks the growth patterns of the clones in 
CCS were changing again; that is, the three clones that had been growing poorly now began to grow 
quite normally. Given these fluctuations in growth exhibited by the individual clones, we were 
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curious as to whether there had been alterations in the level of the transfected Raf expression over 
time in culture in FBS and CCS. We had previously seen a similar situation when EGFR or erbB-2 
was stably overexpressed in MCF-7 cells, where the expression of the transfected EGFR or erbB-2 
disappeared in the presence of estrogen (growth in FBS) but was stably high in the absence of 
estrogen (growth in CCS) (9,10). 

Loss of A-raf Expression Occurs in FBS-Containing but not CCS-Containing Medium. 
Figure 3 A shows Western blot analysis of A-raf expression in the six clones at the various time 
points of growth in FBS or CCS described above. Each of the six clones exhibited varying degrees 
of decreased expression of A-raf after 8 weeks in FBS and increased expression when grown in 
CCS. One very interesting clone, clone 35, exhibited an almost complete loss of expression in 8 
weeks in FBS as well as in CCS. Initially, this clone grew very poorly in the absence of estrogen, 
yet upon resumption of normal growth after 14 weeks in CCS, it showed a dramatic increase in A -raf 
expression. These data suggest that A-raf expression confers a growth advantage in the absence of 
estrogen and that the loss in expression observed was not a result of plasmid loss, since expression 
could be increased again by shifting growth conditions. To confirm that plasmid loss was not 
occurring, southern analysis of DNA obtained from cells initially after thawing from freeze down 
(high levels of A-raf expression) and from cells after long-term growth in FBS (significantly 
decreased levels of A-raf) was performed. Even in clone 35, which has virtually no transfected Raf 
expression after months in FBS, the plasmid was still present in the same apparent copy number and 
with no evidence of rearrangement (data not shown). 

Clones that had been growing for 14 weeks in CCS and were stably expressing high A-raf 
levels (ccs-lt) were switched back to growth in FBS and analyzed after every two passages for A-raf 
expression. Both clone 8 and clone 27 showed a decrease in A-raf expression after just two passages 
in FBS (Figure 3B). Further decreases occured with continued passage in FBS, a total of ~10-fold 
for clone 8c over 14 passages and ~6-fold for clone 27c over 6 passages. Continued growth in CCS 
for another 6 weeks (ccs-lt2) does not result in decreased A-raf expression. These data, along with 
the FBS data of the other clones, suggest both that high levels of constitutive Raf activity are 
incompatible with growth in the presence of estrogen, and that the increased A-raf levels seen in 
CCS are reversible. 

We were next interested in determining the rate of A-raf loss in FBS. The clones were 
thawed again from the initial freeze-downs, and then monitored after every two passages of growth 
in FBS or CCS for A-raf expression. Shown in Figure 4 are three representative clones which 
exhibit different rates of loss of the transfected Raf, with clone 35 having the fastest and most 
complete loss. Clone 14 shows a small, but reproducible decrease in A-raf, ~ 1.5-fold. Clone 35 has 
a very rapid and significant reduction, ~6-fold by passage 8 and ~ 14-fold by passage 20. Clone 27 
has a more moderate rate but still significant loss, ~3-fold by passage 8 and ~12-fold by passage 20. 
It is of interest to note that clone 35, which in the original experiments had problems growing in 
CCS, also had a significant decrease in A-raf by passage 4. Since the cells are passaged once a week 
(if growing in FBS), and since in the original experiments there was a lag time of about 4 weeks 
before switching to growth in CCS, it would appear that the reason for the initial poor growth in 
CCS was due to the fact that there had already been major reductions in A-raf levels. The cells 
resumed normal growth in CCS only after they had been able to upregulate A-raf levels again. In 



El-Ashry, D. 

confirmation of this, none of the clones exhibited significant growth problems in CCS when placed 
into CCS immediately upon thawing out. Furthermore, there was no decrease in A-raf expression 
in the initial growth in CCS as there had been in the original set of experiments (Figure 3A); as 
shown with clone 27, the levels actually increase with increasing passages in CCS, ~ 1.5-fold (Figure 
4). Thus these data confirm that growth in FBS is incompatible with the expression of high levels 
of Raf kinase activity, but that these levels allow for growth in the absence of estrogen. 

Estrogen Is Not Sufficient for Down-Regulation of A-raf. Because the main reagent, but 
not the only one, that is removed from serum upon charcoal stripping is estrogen, it seemed likely 
that it was the estrogen in FBS-containing medium that was inducing the loss in A-raf expression. 
To see if this was the case, cells growing long-term in CCS were switched to growth in CCS 
supplemented with 10"9 M 17 ß-estradiol. Again, the cells were analyzed by Western blotting every 
two passages to follow A-raf expression, and while there are reductions in A-raf levels, they are not 
as rapid nor to the same extent as those that occur in FBS, a maximum of about 2-fold for raf 35 at 
passage 4 (Figure 5). Whether longer passage in estrogen will result in the same total decreases 
observed in FBS or whether estrogen is only partially responsible for the decreases is not yet known. 

A -raf Message Levels are Also Decreased in FBS. Northern analysis of the transfected 
Raf was performed to determine if the decreases observed in protein expression correlated with 
decreases in mRNA levels as well. RNA prepared from cells just after thawing (higher levels of A- 
raf protein expression) was compared to that from cells in long-term FBS (lower or no A-raf protein 
expression) for the transfected Raf mRNA and GAPDH. For each clone, the loss of A-raf protein 
expression correlates with a decrease in mRNA expression (Figure 6). In addition, RNA was 
prepared from clones growing in CCS for several passages. As with protein expression, these clones 
expressed higher levels of RNA for A-raf than their FBS early passage counterparts. 

High A-raf Levels Confer the Capacity for Anchorage-Dependent and -Independent 
Growth. We next directly assessed the growth capabilities of these clones, both in FBS and in CCS. 
The clones were thawed from early freeze-downs so that they were expressing high levels of A-raf, 
and then they and the control pool were quick-stripped to remove estrogen before being plated in 
CCS. In anchorage-dependent growth assays, HCopool, raf 14, raf27, and raf35 have similar 
doubling times in FBS: 28,27, 24, and 27 hours, respectively (Figure 7A). Growth of HCopool in 
CCS, however plateaus at -day 4, and has a doubling time of 172 hours over the course of the assay. 
The doublin times for raf 14 (41 hours), raf 27 (47 hours), and raf 35 (78 hours), while longer than 
those for growth in FBS, indicate the ability of the A-raf to allow for growth in the absence of 
estrogen. It should be noted that the A -raf expression levels of raf 35 in this experiment were greatly 
reduced compared to raf 14 and raf 27, corresponding to the increased doubling time displayed by 
raf 35 in CCS. 

Clones were also assessed for growth in soft agar. As compared to the control cells, both 
raf 14 and 27 formed colonies in the absence of estrogen (CCS): -300 colonies for raf 14 and -500 
colonies for raf 27 compared to -50 for the control pool. Raf 14 and 27 were still responsive to 
estrogen in that they formed more colonies in CCS + E2, and the antiestrogens tamoxifen and ICI had 
little or no effect on colony formation indicating the true absence of estrogen in the CCS (Figure 7B). 
To further demonstrate the effects of A-raf expression on the ability to form colonies in soft agar in 
the absence of estrogen, we also assayed early passage and late passage raf 27. Early passage raf 27 
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again was able to form colonies in CCS, -300, whereas late passage raf 27 (no A-raf expression) was 
no longer capable of colony formation in CCS, -50 colonies (Figure 7B). Colony formation in FBS, 
however, was very similar to both passage numbers, -1000 for early passage and -1450 for late 
passage. 

High A-raf Induces Apoptosis. A striking feature of these clones when growing in CCS 
is their morphology. As shown in Figure 8A and B, there appear to be two distinct cell morphologies 
when the cells are grown on plastic. The adherent cells grow in spheroid clusters rising from the cell 
monolayer (Figure 8A). In addition, there are a large number of floating cells. Some of these 
floating cells represent the cell clusters detaching from the monolayer. The majority of floating cells, 
however, are rather large clear cells with the nucleus pushed over to one side (Figure 8B). The 
clones growing in FBS also exhibit these general characteristics but to a lesser extent. We were 
interested in determining what these cells represented, and so we assayed the clones for their 
apoptotic index using a cell death ELISA assay which is designed to detect histone-bound DNA 
fragments in the cytoplasm. All of the clones growing in CCS have high apoptotic indices, 
compared with the control pool growing either in FBS or stripped of estrogen (Figure 8C). The high 
apoptotic index seems to correlate with A-raf expression since in FBS, raf 35 with high levels of A- 
raf has a high apoptotic index but after long-term growth in FBS (no A-raf expression), these cells 
now resemble the control pool. When the floating cell populations were collected and assayed 
separately from the adherent cells, it was clear that these floating cells represent the apoptotic cells 
(Figure 8D). Estrogen added to cells growing in CCS for 1-2 weeks did not have a significant 
impact on the levels of apoptosis observed; specifically it did not appear that estrogen treatment for 
this length of time could reverse the apoptosis. 

DISCUSSION 

Given the importance of growth factor signaling systems in breast cancer, i.e. overexpression 
of EGFR or erbB-2 correlates with poor prognosis and overexpression of Ras in a high percentage 
of breast tumors, we were interested in examining a key intermediate in the propogation of these 
signaling pathways - Raf-1 - in breast cancer. One goal of this study was to determine the effects 
of constitutive Raf-1 kinase activity on the estrogen-dependent growth of breast cancer cells, 
specifically the ER+ MCF-7 human breast cancer cell line. 

We therefore constructed a constutively active form of Raf by deleting the amino-terminal 
domain, thus leaving only the catalytic domain. This construct was stably transfected into ER+ 
MCF-7 cells and six, high expressing clones were selected for further analysis. During the course 
of this study, we observed that continued passage of the clones in the presence of estrogen (FBS and 
phenol red) resulted in a loss of expression of the transfected Raf. This loss is reflected at both the 
protein (Figures 2 and 3) and the message (Figure 5) levels, despite the continued presence of intact 
integrated plasmid sequences. We previously observed similar results when EGFR or c-erbB-2 was 
stably overexpressed in MCF-7 cells; that is growth of the transfected cells in estrogen-containing 
medium resulted in decreased expression of both protein and message but not loss of the plasmid 
(9,10). While the parent vectors used in these transfections were similar (Figure 1), when FGF-4 
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was expressed using these vectors, the same pattern of down-regulation in FBS and up-regulation 
in CCS was not observed (9). Additionally, several other factors including collagenase IV and 
chloramphenicol acetyl transferase have been expressed in these vectors with no apparent problems. 
It appears, therefore, that this pattern of down-regulation occurs only when molecules that result in 
hyper-activation of growth signaling pathways other than the estrogen pathway are over-expressed. 
It would seem, then, that the constitutive activation of these growth signaling pathways is 
incompatible with estrogen-induced growth of these cells and that the estrogen pathway dominates. 

While growth of the transfectants in estrogen-containing medium was not compatible with 
high levels of constitutive Raf expression, these same high levels did confer a growth advantage to 
the cells in the absence of estrogen. All of the clones were able to grow in CCS medium but the 
control cells were not (Figure 7A). Not only did growth in the absence of estrogen not cause a down- 
regulation of the A-raf, but the level of expression actually increased over time in culture over that 
seen in the FBS cells just after thawing (Figure 3). These high levels of A-raf expression also 
allowed for colony formation in soft agar in the absence of estrogen (Figure 7B). Previous work by 
others using EGFR, c-erbB-2, and the activated Ras oncogene has shown similar results 
(8-10,30-34). Both EGFR and c-erbB-2 overexpression allow for estrogen-independent growth in 
vitro, but only one clone which had a consitutively activated c-erbB-2 was able to grow in vivo in 
the absence of estrogen(lO). Activated Ras can also confer a growth advantage to cells in the 
absence of estrogen both in anchorage-dependent and -independent growth assays. However, only 
two studies which used a Ras construct under the control of multiple long terminal repeats observed 
in vivo tumor formation in the absence of estrogen (32-34). It is not surprising therefore, that Raf 
as a downstream effector of Ras activity would result in estrogen-independence when constitutively 
active. It remains to be determined whether the estrogen-independence we have observed with Raf 
in vitro will also occur in vivo. 

Since estrogen is the main component in serum that is removed upon charcoal stripping, we 
added estrogen back to the cells growing in CCS to determine that it was estrogen in FBS which 
caused the down-regulation of A-raf. While some decrease in expression levels was observed when 
cells were passaged in CCS + E2 (Figure 5), it was not to the same extent as that which occurred in 
FBS. Two possibilities for this exist. First, since the cells grow slower in CCS + E2 than in FBS and 
since the rate of A-raf loss may be a reflection of the doubling time of the cells, it may take more 
passages in CCS + E2 to see the same degree of down-regulation. Alternatively, it may be that 
estrogen alone is not responsible for the decreased expression and that it is estrogen acting in concert 
with some other factor which is also removed by stripping that causes the down-regulation. Both 
possibilities are under investigation. 

The most interesting feature of the transfectants was their morphology. In contrast to control 
cells which grow in a flat monolayer and produce very few floating cells in FBS or CCS, the 
transfectants grow in CCS as spheroid clusters of cells rising out of the monolayer and produce a 
large number of floating cells that consist of these spheroids and a population of cells that appears 
as large, clear cells with the nucleus pushed to one side. These floating cells have a very high 
apoptotic index. It is not so surprising that the floating cells themselves are apoptotic, rather it is the 
extent to which these cells produce large numbers of floating cells that differs. Certain cell systems, 
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such as colon carcinoma cells, undergo apoptosis at a very low rate during normal culture of these 
cells (40,41). The apoptotic cells are floaters, and the number of floaters can be significantly 
increased by agents that specifically induce apoptosis in these cell types. 

In MCF-7 cells, however, there is some disagreement on whether these cells can undergo 
apoptosis in vitro. It is well known that breast epithelial cells and breast cancer cells in vivo undergo 
apoptosis in response to estrogen withdrawal (42,43), but there has been an inability to measure this 
in cells growing in vitro, at least using the usual hallmarks of apoptosis: DNA laddering and 
morphology. With time-lapse microscopy providing more detailed visualization of cells, apoptosis 
has been observed in both MCF-7 and ZR-75-1 cells in vitro in response to estrogen withdrawal or 
treatment with the antiestrogen toremifene, although no DNA laddering was observed (44). Some 
investigators have used non-random DNA cleavage into large (several to several hundred kb) 
fragments as a measure of apoptosis (45) and found that by this criterium, estrogen-withdrawal 
resulted in cell detachment and DNA cleavage (46). The antiestrogen ICI 182,720 increased these 
parameters 2-fold, however the typical morphological alterations and DNA laddering of apoptosis 
were not observed. Using the new cell death ELISA assay, as we have used in our studies, 
investigators have been able to show that treatment of MCF-7 cells in vitro with VP-16, taxol, or 
tamoxifen does result in apoptosis (47,48). 

Using this same assay, we show that the control pool exhibits virtually no apoptosis and that 
estrogen-withdrawal of these cells for up to 5 days does not increase the apoptotic index. The A-raf 
transfectants, however, have a high apoptotic index in CCS and in FBS, and this appears to be 
dependent on high A-raf levels since long-term passage in FBS which down-regulates A-raf also 
abrogates the apoptosis (Figure 8C). The fact that high levels of raf activity result in increased 
apoptosis in these cells provides a possible explanation for why the cells in FBS down-regulate A-raf 
expression. When other growth-signaling pathways are operative in the cell, a selection against a 
pathway that leads to apoptosis occurs. On the other hand, the cells cannot grow in the absence of 
estrogen without the constitutive Raf signaling, and therefore they upregulate its expression and 
subsequently undergo apoptosis. However, a balance between growth stimulation and apoptosis 
must exist because all of the cells do not die. Either enough growth stimulation occurs such that a 
threshold level of apoptosis cannot be surpassed or the induced apoptosis is likely to be a stochastic 
process in cells with high Raf activity. 

Unlike the difficulty in demonstrating apoptosis in ER+ breast cancer cells lines, the MDA- 
MB-468 human breast cancer cell line which is ER- and overexpressess EGFR due to gene 
amplification (49), readily undergoes apoptosis as demonstrated by DNA laddering in response to 
EGF treatment (50). High doses of EGF cause growth inhibition and apoptosis in these cells 
suggesting that hyper-induction of growth factor signaling in these cells due to their EGFR 
overexpression may actually result in cell death as opposed to growth. It may be then, that our 
constitutive Raf transfectants undergo apoptosis via the same mechanisms and that the EGF induced 
apoptosis in MDA-MB-468s occurs through the Raf signaling pathway. 

A major question arising from these observations is how does constutive activation of a 
growth pathway ultimately result in the opposite - increased cell death. The focus of ongoing 
investigation is thus to determine what the effect of constitutive Raf activity on the expression and 
function of known potentiators of apoptosis, and what the downstream effectors of this constutive 
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Raf activity are that are responsible for the increased apoptosis. 
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Table I. In vitro Kinase Assay of Raf Clones 

Cell line Specific cpm 

HCo pool 70,801 

Raf 4 1,922,028 

Raf 8 1,313,208 

Raf 14 425,828 

Raf 27 280,228 

Raf 35 1,621,068 

Raf protein was immunoprecipitated from 100 |ig cellular lysate and reacted with 
y-32P and a peptide substrate specific for Raf. Reaction mixes were run through 
phosphocellulose filters to retain phosphorylated peptide, and the filters were 
counted. 
1. Specific cpm values were calculated by subtracting the non-specific counts 
obtained with no lysate from the total counts. 
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