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Introduction 

The subject of this research project is potential breast cancer therapy through the use of 

agents that inhibit the proliferation of malignant cells while allowing the proliferation and 

function of normal cells. The purpose of this work is to: 1) evaluate the efficacy of a 

mevalonate analogue, 6-fluoromevalonate (Fmev), in selective inhibition of breast cancer 

cell growth, and 2) to determine the molecular mechanism by which Fmev can inhibit 

proliferation of transformed cells. The scope of this research is confined to analysis of 

the effects of Fmev on proliferation and mitogenic signal transduction in breast epithelial 

cells, and breast tumor-derived cell lines with a focus on the consequences of oncogenic 

Ras expression. 

Body 

Award DAMD17-97-1-7093 originally to Dr. J. Cuthbert was functionally transferred to 

my laboratory on or about December 1,1999. This final report covers our progress from 

December 1.1999 to August 31, 2001. 

Original Statement of Work Task 1: Intracellular mevalonates regulate Ras in breast 

cancer cells. 

The fluorinated mevalonate analog, 6-fluoromevelonate (Fmev) blocks the conversion of 

mevalonate diphosphate to isopentenyl diphosphate. This is a critical step in the 

metabolism of acetate to farnesyl diphosphate. Farnesyl diphosphate is used for the post- 

translation modification of some proteins, such as Ras, by farnesylation or 



geranylgeranylation. Inhibition of this post-translational modification can block the 

function of some Ras isoforms in cells. Dr. Cuthbert has shown that treatment of 

leukemia- and lymphoma-derived cell lines with Fmev depletes the cellular pool of Ras 

protein. In addition, Dr. Cuthbert has demonstrated that Fmev selectively inhibits growth 

of leukemic cell lines as compared to normal lymphocytes (3,4). This task was directed 

at examining the effects of Fmev on Ras levels in breast cancer cells. Analysis was to 

include regulation at the level of gene transcription, as well as at the level of protein 

stability. This task had not yet been attempted when the project was transferred to my 

laboratory (beginning of year 3 of the project). 

Fmev is not a commercially available compound. Therefore, our initial effort was to 

synthesize a supply of Fmev in collaboration with Dr. C. Falck (UT Southwestern). The 

synthesis reactions were carried out according to the methods of Quistad (1). 

Our next effort was to evaluate the sensitivity of normal diploid breast epithelial cells to 

the anti-proliferative affects of Fmev. We chose HME50-5E as our model cell line as it 

mimics the normal growth characteristics of primary cell lines in culture but will not 

undergo replicative senescence due to a spontaneous immortalization event (2). As 

shown in Figure 1, the proliferation of HME50-hTERT is affected by Fmev with an 

approximate IC 50 of 20 uM final concentration. Consistent with Dr. Cuthbert's reported 

results in leukemic cell lines (3), the total levels of cellular Ras were reduced in HME50- 

hTERT cells treated with concentrations of Fmev that inhibited proliferation. Levels of 

active ERK1 and ERK2, MAP kinases regulated by Ras, were also reduced by Fmev. As 



activation of ERK1/2 directly correlates with cell cycle progression, these results suggest 

a possible mechanistic explanation for the growth-inhibitory effects of Fmev. 
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Figure 1. HME50-5E and HME50-5E-rasl2V cells were plated at a density of 

10,000 cells/well in 24 well plates with the indicated concentrations of Fmev. 

Following 10 days of culture, cells were fixed and stained with Giemsa. After 

extensive washing, the stain was extracted with acetic acid, and A590 was measured. 

The A590 of the starting density is shown for comparison (day 0). 



Dr. Cuthbert's earlier work suggests that oncogenic Ras expressing cells may have 

increased sensitivity to Fmev (4), and that transfection of lymphocytes with oncogenic 

Ras resulted in increased sensitivity to the growth-inhibitory effects of Fmev. To test this 

directly, we established a line of HME-50-5E that stabley express H-rasl2V from a 

retroviral LTR promoter. These cells have elevated levels of active ERK1/2 under 

serum-deprived growth conditions as compared to the parental cells. As shown in Figure 

1, ras 12V expressing cells are markedly more sensitive to the growth inhibitory effects of 

Fmev. In contrast to parental cells, the levels of active ERK in ras 12V expressing are not 

detectably affected by Fmev. In addition, we did not detect any reduction in levels of Ras 

expression. These observations suggest that the growth inhibitory effects of Fmev on 

cells sensitized by ras 12V are not due to inhibition of the mitogenic signaling of Ras to 

ERK. Other Ras-dependent pathways may be involved. The sensitization of cells to 

Fmev by Ras 12V may be downstream of ERK regulation, or through other Ras effector 

pathways. 

Al ^k9tL FPK-IA?     Figure 2. HME50-5E were infected with empty 
M W^   cc-p-üKKl/Z     pBabePuro(vector)orwithpBabePuro.rasi2V 

(Ras 12V). Whole cell lysates were prepared 
from cells treated or not with 100 uM Fmev for HMJU oc-Ras 

48 hours. Lysates were separated by SDS- 
FMev   -       +      -      + PAGE and immunoblotted with the indicated 

vector      Rasl2V antibodies. 

Original Statement of Work, Task 2: Mechanism(s) of Fmev- and lovastatin-induced 

changes in Ras levels. 

Given our observations that transfection of oncogenic Ras was sufficient to sensitize cells 

to the growth inhibitory effects of Fmev, and that Fmev had no effect on the expression 



of oncogenic Ras (which in this case was Hras), we concluded that if the inhibitory 

effects of Fmev were a consequence of reduced cellular Ras levels (as stated in the 

hypothesis of the original proposal) it must be a consequence of reduction of specific Ras 

isoform. However, analysis of levels of Kras and Nras in Fmev-treated HME50-5E- 

rasl2V cells revealed no differences as compared to untreated cells. Therefore, this task 

was flawed in that our analysis suggested that inhibition of growth by Fmev is 

independent of changes in levels of total Ras protein. This does not rule out the 

possibility that the effects of Fmev are through altered compartmentalization of Ras 

proteins. We did not have time or funds to pursue this latter possibility. 

Original Statement of Work, Task 3. Functional effects of Fmev- and lovastatin 

inhibitors on apoptosis and cell proliferation. 

We observed an increased sensitivity to the growth inhibitory effects of Fmev on HME- 

rasl2V cells as compared to HME cells. These assays were performed using normal 

tissue-culture growth conditions for adherent cells. Given this, possible mechanisms for 

the reduced growth rates observed include induction of apoptosis, cell cycle arrest, or 

reduced adherence of cells to substrate. The latter possibility would, of course, be the 

least interesting in the context of evaluating potential therapeutic applications of Fmev to 

tumor cell growth. Therefore, we next evaluated the consequences of Fmev exposure to 

growth of HME-rasl2V cells in soft agar. 

HME50-hTERT expressing cells like normal human epithelial cells, display anchorage- 

dependent growth. Incubation of cells in soft-agar cultures blocks proliferation and 

results in apoptosis. We and others (5) have found that normal human epithelial cells can 
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Figure 3. Fmev does not inhibit growth of Ras-transformed breast epithelial cells 

in soft agar. For each indicated cell line, 5000 cells were plated in 0.3% agar and 

incubated in defined media with or without Fmev at the indicated concentration. 

Colonies were photographed following 14 days of incubation. Representative 

images are shown. 

be progressed to a transformed state by introduction of telomerase, oncogenic Ras, and 

(in the case of the Weinberg group) large and small T-antigen. In our hands, introduction 

of T-antigen is unnecessary as long as the cells are mechanically released from culture 

dishes prior to incubation in soft agar, rather than by trypsin. This gives us a model 

system to study transformation of human mammary epithelial cells in response to a 

defined series of changes, none of which involves introduction of viral oncogenes. Using 

this model system, we assessed the ability of Fmev to inhibit soft-agar colony formation 

by HME-hTERT-rasl2V cells. A shown in figure 3, even doses two-fold above those 

that will completely inhibit growth on plastic, has no effect on colony formation in soft 

agar. One likely explanation for this result, is that our original observations of the 

inhibitory effects of Fmev were due to drug induced loss of anchorage. As a 



consequence of these results, and as a consequence of the end of the project period, we 

have not further pursued these studies. 

Key Research Accomplishments 

1. Synthesis of Fmev 

2. Characterization of the sensitivity of human mammary epithelial cells to growth- 

inhibitory effects of Fmev. 

3. Characterization of the sensitivity of oncogenic Ras expressing human mammary 

epithelial cells to growth-inhibitory effects of Fmev. 

4. Characterization of the effects of Fmev on Ras protein levels. 

5. Development of a defined model system to study growth transformation of human 

mammary epithelial cells (HME-hTERT/Rasl2V). 

6. Characterization of the effects of Fmev on the anchorage-independent growth of 

transformed HME cells. 

Reportable Outcomes: none to date. 

Conclusions 

We have established that, at appropriate concentrations, Fmev can preferentially inhibit 

the growth of human mammary epithelial cells expressing oncogenic Ras versus those 

that do not. These results give an initial indication that Fmev may have utility as an 

antagonist to breast cancer cell growth. Further studies demonstrated that, contrary to the 

original hypothesis, Fmev did not affect levels of Ras protein. In addition, Fmev did not 

inhibit anchorage independent growth of transformed cells. We conclude that Fmev is 
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not a promising therapeutic approach as defined by the hypothesis laid out in the original 

proposal. 
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