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Abstract The combination of anticancer drugs used
in the clinic has been based upon empiricism, and the
potential permutations of currently available drugs
overwhelm the clinical trials system. Recently, inves-
tigators have suggested that the combination of a
blockade of vital signal transduction pathways in
combination with more standard therapy might
enhance anticancer effect. Using a panel of breast
cancer cell lines and isobologram median effect anal-
ysis, a method of determining synergism or antagonism
of drugs, we have investigated in vitro potentially
clinically useful combinations of agents with the human
cell lines MCF7/wt, MCF7/adr, BT474, and SK-BR-3
grown in log phase. Results were confirmed by curve
shift analysis. Cells were exposed to the agent(s) for
72 h and then analyzed for cytotoxicity using a MTT
(3-(4,5-dimethylthiazolyl-2)-2,5-diphenyl-tetrazolium

bromide) assay. Fluvastatin, an inhibitor of prenylation
with excellent tolerability in man, was chosen to
disrupt signal transduction pathways and thus poten-
tially enhance the effect of more traditional anticancer
agents. Anticancer agents tested were cytotoxics used
in the treatment of breast cancer, trastuzumab, and
rapamycin as an inhibitor of the AKT pathway.
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Fluvastatin combined with trastuzumab demonstrates
global synergy of cytotoxic effect that is confirmed by
apoptosis assay. These effects could only be partially
reversed by adding farnesol or geranylgeraniol to
restore prenylation. Epirubicin is also synergistic with
fluvastatin in three of the four cell lines. Rapamycin, an
inhibitor of MTOR, was synergistic with fluvastatin in
two of the four cell lines and antagonistic in two other
cell lines. The combination of fluvastatin or another
inhibitor of prenylation and trastuzumab may be
attractive for clinical development as the effect of
trastuzumab in Her2/neu positive breast tumors is
incomplete as a single agent.
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Introduction

The role of signal transduction in malignant growth has
assumed greater importance with the realization of the
limited clinical utility of the presently available cyto-
toxic agents and the potential to individualize therapy
based upon the expression of both growth and anti-
apoptotic signals in the tumor [1, 2]. This approach has
been very successful with the use of trastuzumab to
interfere with Her2/neu signaling in breast cancer [3],
and targeted agents have enhanced therapeutic effect
when combined with traditional agents in other
malignancies [4]. Of the additional currently studied
pathways that are amenable to clinical trials, interfer-
ence with prenylation of essential cellular proteins such
as RAS, RHO, PxF, lamins A and B, and other
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G-proteins is attractive because of the vital role of
those proteins in cell growth and survival [5]. Inhibition
of prenylation combined with either targeting agents
causing a sequential blockade of a pathway or with a
classical cytotoxic agent has been suggested as a
mechanism to enhance antitumor effect [6, 7]. The
HMG-CoA reductase inhibitors (statins) block the
formation of mevalonic acid thus inhibiting the avail-
ability of precursors of prenylation [8, 9]. The HMG-
CoA reductase inhibitors offer a potential advantage
over a classical farnesyl transferase inhibitor as inter-
ference with the mevalonate pathway inhibits both
farnesylation and geranylgeranylation of proteins. In
addition, the statins have a well-known safety profile in
man based upon their use in hyperlipidemic syndromes
[10]. There are numerous statins in the clinic which
vary in their efficacy to block HMG-CoA reductase
and their toxicities in man [11]. Cerivastatin is the most
potent inducer of apoptosis in tumor cells of the statins
[12], but was associated with rhabdomyolysis and has
been withdrawn from commercial use [13]. Fluvastatin
has been suggested to have less significant toxicities in
man [14, 15]. Fluvastatin was previously demonstrated
to induce apoptosis in the human breast cancer cell line
MCF7 [16]. Fluvastatin has also been shown to have
potent antitumor activity in preclinical model systems,
and in addition has antiangiogenic and antimetastatic
effects [17]. Therefore, fluvastatin was chosen as our
candidate statin.

We have previously emphasized our combination
drug development studies in model systems of breast
cancer. Therefore, our choices of preclinical combina-
tions to evaluate with a statin were based upon our
previously reported cytotoxic experience in breast
cancer cell lines [18, 19], the availability of agents to
block at different sites of the signal transduction path-
ways such as interfering with the AKT pathway [20], and
an agent (trastuzumab) with clinical activity to interfere
with the Her2/neu signal pathway. An additional reason
to choose rapamycin to study was the finding that
M-TOR inhibitors demonstrate activity in breast cancer
cell lines by blocking estrogenic stimulation of MCF7
cells (estrogen receptor positive) and synergize with
letrozole in inducing apoptosis in vitro [21].

Methods
Reagents
Docetaxel, reagent grade, was a gift of Sanofi-Aventis

Pharmaceuticals (Bridgewater, NJ). Vinorelbine was a
gift of Glaxo SmithKline (Research Triangle, NC).
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Fluvastatin, was obtained from Novartis Pharma AG
(Basel, Switzerland). The following agents were
obtained from Sigma-Aldrich (St. Louis, Mo): car-
boplatin, cisplatin, 5’DFUR, farnesyl pyrophosphate,
geranylgeranyl pyrophosphate, paclitaxel, and rapa-
mycin. Epirubicin was obtained from Calbiochem (San
Diego, CA). Trastuzumab was obtained from com-
mercial stock. A variety of human breast cancer cell
lines with differing phenotypic properties were evalu-
ated in order to look for global effects. The following
cell lines were obtained from the American Tissue
Culture Collection (ATCC, Rockville, MD): breast
lines: MCF7/wt, BT474, and SK-BR-3. MCF7/adr, a
multiply resistant cell line, was a gift of Dr. Kenneth
Cowan (University of Nebraska Medical Center,
Omabha, Nebraska). The phenotypes of these cell lines
have been previously described [22-25]. MCF 7 and BT
474 both express the estrogen receptor. BT 474 has loss
of normal P53 as does MCF7/adr [26]. MCF7/adr
and SK-BR-3 are receptor negative and over express
Her2/meu [22, 23, 27]. MCF7/adr is known to over
express MDR-1 (multiple drug resistance protein) and
pi-GST (pi-glutathione transferase). MCF7/adr is
grown in minimal essential media with 10% fetal calf
serum, supplemented with glutamine, antibiotics and
antimycotics in the presence of 10 uM doxorubicin. For
experiments with this cell line, the doxorubicin was
removed from the media one week prior to the studies.

Assessment of MTT cytotoxicity produced by
therapeutic agents

Determination of cytotoxicity of the various drugs and
median effect analysis was done by previous methods
[28-30]. In brief, the cells were grown to confluence in
T 150 tissue culture flasks (Corning Glass Works,
Corning, NY) using RPMI 1640 (Invitrogen, Carlsbad,
CA) with 5% CO, and 10% heat inactivated fetal calf
serum. All other reagents were obtained from Invi-
trogen. All cultures contained penicillin (100 pg /ml),
streptomycin (0.25 pg/ml), and glutamine to a final
concentration of 2 mM. All cell lines were repeatedly
tested for mycoplasma (Invitrogen kit) and had
viabilities by Trypan blue exclusion greater than 95%.
Harvested cells were aliquoted into 96 well dishes
(Falcon 3072) at concentrations of 5000-8000 cells per
well. The cells were then cultured for 24 h, cytotoxic
agents or solvent controls were introduced for a 72-h
incubation, and cell growth evaluated by a MTT
(3-(4,5-dimethylthiazolyl-2)-2,5-diphenyl-tetrazolium
bromide) assay [31] using a BioRad 3550 Micro plate
Reader (BioRad, Hercules, CA) [32]. ICs, (the dose of
drug needed to cause inhibition of growth in 50% of
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the cells) concentration was determined by the
EZ-ED50 Program (Perrella Scientific, Conyers, CA).
All reported values are the means of at least three
experiments with each study having four wells per dose
level. In addition, the inhibitory activity of selected
combinations were measured serially over 72 hours
using the MTT assay at concentrations which are
known to be achieved clinically. For the initial studies
of fluvastatin, we fixed the dose of fluvastatin in cell
culture to be the highest accepted chronic therapeutic
drug level (0.125 uM) based upon pharmacokinetic
studies in man and also evaluated 50% of that level
[33]. Results are shown for the highest concentration.

Measurement of synergy

The median effect model allows one agent to be fixed
in concentration while the other agent’s concentration
can be varied to obtain a dose-response curve of the
combination. The experimental conditions were pre-
viously reported in detail and are similar to the meth-
ods used to determine the 1Cs, of individual agents [18,
19,28-30, 32, 34-36]. All reported values are the means
of at least three experiments with 72 h incubations in
each study having four wells per dose level.

Median effect analysis, based upon the Hill equa-
tion, allowed the determination of synergistic, additive,
or antagonistic effects when up to three agents were
combined together. This effect was determined by the
method of Chou [37, 38] using their computer program
[39]. The resulting CI (combination index) which
reflects synergy when less than 1, additive effects when
equal to 1, and antagonism when greater than 1 was
calculated for varying levels of drug effect (Fa). We
have previously defined additive effects to be all values
within one standard deviation of unity. Statistical dif-
ferences were confirmed using the curve shift analysis
of Zhao et al. [40]. Ten fixed drug ratios above and
below the ICsy with a range of 0.0156N to 8N where N
is a value near the ICsy of an individual drug were
explored by incubating the drug combinations with
cells for 72 h and then determining the degree of
cytotoxic effect by the MTT assay. Fa is defined as the
fraction of cells affected, and a plot of log dose versus
log (%) gives parallel slopes if no biologic interac-
tion is present (mutually exclusive) or converge if there
is an interaction between the drugs (mutually nonex-
clusive) thus suggesting the appropriate model to
determine the CI [37]. Faso is defined at that point
where 50% of the cells are affected. The results of the
drug interactions are shown in tabular form at the Fas,
as the median effect equation is a linear approximation
of a higher order equation and most accurate at the

Faso. These results were confirmed by curve shift
analysis. Curve shift analysis was performed with the
program ACT Analysis (Optimum Therapeutics LLC.,
Columbus, Ohio) using non-linear regression of the
concentration—effect data. The results were then nor-
malized to ICsy equivalents. A shift of the survival
versus ICsy equivalent curve to the left for the com-
bination treatment is an indication of synergy [40].

Reversal of prenylation

The method of Wong et al. [12] was used at the ICs
(fluvastatin 0.125 uM; trastuzumab 1.55 pg/ml) and the
IC;o (fluvastatin 0.125 pM; trastuzumab 8.5 pg/ml)
determined by a 72 h co-incubation of agents with
cells. Cell lines growing in exponential phase had
either farnesyl pyrophosphate or geranylgeranyl pyro-
phosphate added to the culture at time 0 in increasing
concentrations (0 uM-10 uM) with media used for
control samples as previously described [12]. Cell death
was measured by MTT.

Evaluation of apoptosis

The commercially available Cell Death Detection
ELISAs kit (Roche Applied Science, Penzberg,
Germany) was used to detect DNA fragmentation by
an ELISA assay as previously described [41]. This as-
say exploits the amount of cytoplasmic histone-associ-
ated DNA fragments produced upon cell death. Cells,
after the appropriate time of drug(s) exposure and
after centrifugation, were lysed in 96-well plates.
About 20 pl of the supernatant was transferred to a
streptavidin-coated plate that was supplied with the kit.
This supernatant was incubated for 2 h in the presence
of the immune reagent containing the antibodies
against the histone proteins and DNA fragments. The
complex was then simultaneously conjugated to form
an immunocomplex on the plate, which then was sub-
sequently read for optical density at 405 nm with a
reference wavelength at 490 nm. Samples were mea-
sured in duplicate and a positive control was provided
with the kit. The result is described as an enrichment
factor, which was thus a relative indicator of the
number of cells undergoing apoptosis as calculated by
the following formula:

mU of dying/dead cells

Enrichment factor =
mU of untreated cells

where mU = absorbance (405 nm—490 nm) and
reflects the amount of histones and DNA fragments
released into the cytoplasm from the apoptotic cells.
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Statistical differences were determined by paired
t-tests.

Cell counts were performed using Trypan blue
exclusion. Cells are exposure to drug(s) for the indi-
cated time period, typsinized, concentrated via centri-
fugation and washed twice in phosphate buffered
saline. Cells that did not take up the dye were counted
in triplicate on a hemocytometer.

Results

The ICsy concentrations as determined by a 72-h drug
exposure with the various cell lines are shown in
Table 1. The activities of the various drugs varied in a
three-log range between cell lines with the MCF7/wt
being the most resistant cell line.

Median effect analysis of the doublet combinations
is shown in Table 2. Global synergy was noted for
the combination of fluvastatin with trastuzumab (CI
0.4-0.7 for all cell lines examined). Fluvastatin was
studied at the clinically achievable plasma level. This
synergism was confirmed by using curve shift analysis
and is shown for the SK-BR-3 cell line (Fig. 1) but was
also confirmed in other cell lines. Synergy with flu-
vastatin was also noted at one-half the maximal con-
centration of fluvastatin (data not shown). Epirubicin
was synergistic with fluvastatin in three of the four cell

lines with only the multiply resistant, MDR expressing
MCF7/adr demonstrating absence of synergistic effect
(CI =1.5 + 0.4). This synergy as measured by MTT
assay was time dependent with the most profound
effects seen after 72 h (data not shown). Even though
the expression of Her2/neu on MCF7 cells is low [22]
and undetectable by Western blot in our hands (data
not shown), the induction of apoptosis in this cell line
with concurrent 48 or 72 h incubations with trast-
uzumab was also demonstrated (Fig. 2). At both time
points, there is a low but significant induction of
apoptosis in this cell line by trastuzumab which is fur-
ther enhanced by the addition of fluvastatin. Fluvast-
atin by itself also demonstrates the induction of
apoptosis in this assay system (Fig. 2). Cell death was
also confirmed by cell counts over the 72-h incubation
(data not shown). The effect of the combination of
fluvastatin and trastuzumab were also examined in the
SK-BR-3 cell line which highly expresses Her2/neu
[22]. As seen in Fig. 3, both trastuzumab and fluvast-
atin demonstrate significant induction of apoptosis with
the combination being more effective. These findings
were also confirmed by cell count (data not shown).
To determine whether or not the synergistic
effects demonstrated were due to inhibition of preny-
lation, increasing concentrations of either farnesyl
pyrophosphate or geranylgeranyl pyrophosphate were
added back to the combination of fluvastatin with

Table 1 ICsq values in pM of the single agents as measured by MTT assay after a 72-h incubation +SD

Drug Cell line MCF7/wt MCF7/adr+ BT 474 SK-BR-3
Carboplatin 87.9 £ 14.9 441 = 8.8 40.1 £ 8.7 253 x40
5’ DFUR 6.0 + 0.6 55+25 229 +43 36.6 + 14.5
Docetaxel 1149 + 32 3005 331+93 80.0 + 3.6
Epirubicin 02 +00 74+ 1.7 0.4 + 0.1 1.1+£0.2
Gemcitabine 2104 29+03 72+ 1.7 1.9+ 0.0
Rapamycin 0.6 +0.0 02+ 0.0 34+ 0.7 35+03
Trastuzumab* 47 +1.6 1.2+03 1.9 £ 0.3 69 +1.1
Vinorelbine 31+ 1.1 3.6+05 1.6 £ 0.2 5.0=+08

*Trastuzumab is in pg/ml

Table 2 Median effect results for a 72-h incubation expressed as CI (combination index) at Fasy (50% cytotoxicity point) £SD.

Synergistic values are less than 1.0

Combination Cell line MCF7/wt MCF7/adr+ BT 474 SK-BR-3
Fluvastatin + Carboplatin 31+00 05+0.1 14 +0.1 1.0 + 0.1
Fluvastatin + 5’DFUR 1.7+£0.3 0.9 +0.1 1.3+0.0 1.3 £0.0
Fluvastatin + Docetaxel 1.3 +£0.1 0.9 +03 14 £ 0.1 0.5+02
Fluvastatin + Epirubicin 0.8 +0.1 1.5+04 0.7 +0.1 0.7 + 0.1
Fluvastatin + Gemcitabine 1.3+£0.1 0.8 +0.2 2.6 +0.2 0.7 + 0.1
Fluvastatin + Rapamycin 02 +0.1 0.7+ 0.1 1.6 + 0.1 20+03
Fluvastatin + Trastuzumab 0.7 £ 0.1 0.7 + 0.1 0.6 + 0.0 0.4 +0.1
Fluvastatin + Vinorelbine 1.4 +£0.1 0.5+02 1.0+ 0.1 1.2 +0.1
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Fig. 1 Curve shift analysis for the combination of fluvastatin and
trastuzumab (open squares) compared to fluvastatin (open
circles) or trastuzumab (dots) alone in the high Her2/neu
expressing SK-BR-3 cell line. A shift of the combination curve
to the left indicates synergy
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Fig. 2 Fluvastatin enhances apoptosis with trastuzumab at the
1Cso concentration in a 48 h and in a 72-h incubation in the low
Her2/neu expressing MCF7/wt line. Apoptosis values are +SD.
All results are significant at P < 0.01
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Fig. 3 Enhancement of cell kill of fluvastatin and trastuzumab at
the ICsy concentration as measured by apoptosis over time in 48
and in 72 h of exposures of drugs in the high Her2/neu expressing
SK-BR-3 cell line. All values are shown +SD with significance at
P <0.01

trastuzumab at the 1Csg and 1C; concentrations pre-
viously indicated and incubated for 72 h prior to MTT
assay. Both prenylation agents partially reversed the
cytotoxic effect at the 1Csy (Fig. 4) compared to con-
trol but did not reverse the cytotoxic effect at the I1C
(data not shown) even though the concentration of
fluvastatin was held constant in both studies.

Fluvastatin was synergistic with rapamycin in only
two of the cell lines, MCF7/wt and MCF7/adr. The
apoptotic assay results for the MCF7/adr, the highly
resistant cell line, as shown in Fig. 5 demonstrate
enhancement of fluvastatin and rapamycin cytotoxic
effect.

Conclusion
The plethora of anticancer agents in development and

in the clinic has led to permutations of combinations of
agents that cannot be clinically tested. Most of the
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Fig. 4 Incomplete reversal of cytotoxic effect by reversal of
prenylation at the ICsy of the combination of fluvastatin and
trastuzumab in SK-BR-3 cells. Addition of farnesyl pyrophos-
phate (F-PP) (e) or geranylgeranyl pyrophosphate (GG-PP) ([J)
did not totally prevent cell death. Cytotoxic effect as measured
by MTT assay is normalized to control cells. Values are shown
with SD
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Fig. 5 Enhancement of apoptosis by the combination of rapa-
mycin and fluvastatin at the ICsy concentration in the multiply
resistant MCF7/adr + cell line. All values are shown +SD with
significance at P < 0.01

present chemotherapeutic combinations used for the
treatment of human solid tumors have been developed
on an empiric basis by adding active agents together.
However, this approach may result in drug interactions
in which the combination may demonstrate additive,
synergistic, or antagonistic cytotoxic effects in vitro
thus questioning the validity of at least some combi-
nation therapies in the clinical setting [30]. In the
majority of cases, drug combinations have been studied
in small phase II trials or the nihilistic approach in
metastatic breast cancer has been the use of single
sequential agents to minimize toxicity [42]. As a result,
there is an acute need for more relevant preclinical
model systems and various proposals of cell line,
xenograft, and mouse allograft models have been
suggested [43]. However, all models remain inexact
with limited predictive value. We have pursued a semi
automated screening methodology to identify in vitro
combinations of drugs which either suggest synergistic
or antagonistic cytotoxic effects in the hope that a
global effect in a variety of cell lines may suggest a
potentially attractive combination to pursue or identify
an antagonistic combination which is not worthy of
further examination [30, 32]. The potential deficiencies
of the assay are that it does not reflect therapeutic
index or the heterogeneity of human tumors.

To accomplish this aim, we have used defined cell
lines growing in exponential phase with isobologram
analysis which has been defined as the standard [44]
and modified by several investigators [35, 40, 44-46].
The use of median effect analysis which is based upon
the Hill equation allows less experimental points per
sample and the ability to study up to three different
agents in combination [37-39, 47, 48]. In addition, the
shape of the synergy curve can be examined. This
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method also has been criticized as it is a linear
approximation of a higher order equation [49] and thus
is most accurate at the point of 50% cytotoxicity. We
therefore have defined synergistic effect using the Fas
(50% cytotoxicity) as measured by a 72-h incubation of
drugs and cells in a 96 well micro titer dish. A recent
modification using curve shift analysis has also statis-
tically strengthened the methodology [40].

Most of the studies of putative targeted agents in
malignancy have been disappointing clinically which
may be a reflection of the marked redundancy of sig-
naling networks and the marked cross talk between
networks [S0]. The statins offer an advantage that by
interfering with the mevalonate pathway, they down
regulate the production of both farnesyl and geranyl-
geranyl moieties with an acceptable therapeutic index.
Numerous proteins are affected by this loss of preny-
lation including up regulation by fluvastatin of p21 and
p53 in the murine renal cancer cell Renca [17]. These
agents are undergoing a reevaluation as an adjunctive
therapy [51, 52]. As monotherapy, statins have a
marked antitumor effect in vitro [8, 9, 51, 53-71]. Part
of this antitumor effect is through geranylgeranylation
[68, 72-74]. These agents also have diverse biological
effects including abrogation of the stimulatory effect of
insulin-like growth factor I (IGF-I) in 3T3-L1 cells[75],
inhibition of the P-glycoprotein MDR transporter by
lovastatin and simvastatin[76], disturbance of the cell
membrane through functional inhibition of the Rho
family G-proteins[77], down regulation of Bcl-2 in
breast cancer MCF-7 cells without up regulation of p53
[16], translocation of BAX to the mitochondria with
activation of the apoptosis pathway [78], and blocking
adaptive cholesterol responses to against oxidant injury
in leukemia cells [66]. Most recently, lovastatin has also
been demonstrated to up regulate PTEN expression in
MCEF7 cells [79], and the magnitude of PTEN expres-
sion has been correlated with trastuzumab cytotoxicity
in SK-BR-3 cells [80].

As single agents, the activity of statins against
established tumors in the clinical setting has been
negligible [52, 81]. Hence, the degree of inhibition of
this pathway may be critical for cell survival with
incomplete inhibition of prenylation as seen with sta-
tins not being able to demonstrate in man significant
cytotoxic effect by itself, while highly efficient inhibi-
tory agents of the farnesyl and geranylgeranyl path-
ways are toxic [82]. In our studies, reversal of inhibition
of prenylation by the addition of either farnesyl pyro-
phosphate or geranylgeranyl pyrophosphate was
incomplete at a dosage of drugs which caused a mod-
erate cell kill (ICsg) but was unable to reverse the
cytotoxicity at high cell kill (IC;) implying that the
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combination effect observed may be due to more than
one mechanism. The value of combining an optimal
dose of a statin with more established anticancer
agents or an additional signal transduction drug in the
clinic remains unexplored.

The EGFR superfamily is now under intense eval-
uation as a target for pharmacologic manipulation in
the treatment of breast cancer. Clinically, the man-
agement of Her2/neu positive breast cancer has been
revolutionized by the introduction of trastuzumab to
block this signal transduction pathway [83]. Efforts are
underway to identify additive and synergistic combi-
nations of trastuzumab with more conventional agents
in clinical trials [3]. These results have led to a major
pharmaceutical effort to target growth factor signaling
pathways [84]. The RAS pathway and its interaction
with AKT were therefore chosen for in vitro study as
pharmacologic agents now exist which allow pertur-
bation of more than one site in the PI3 kinase/AKT
pathway and thus may enhance antitumor effect as
previously suggested.

The results reported here have not been described
previously except for the ability of statins to synergize
with doxorubicin or interferon in some model systems
[85-87]. In the present in vitro studies, we have dem-
onstrated that the combination of fluvastatin with
trastuzumab displays global synergy in our breast can-
cer cell lines which vary in their expression of Her2/neu,
and that this effect is not due to a cytostatic effect but
rather reflects enhanced apoptosis. As trastuzumab is
not of value in almost half the Her2/neu over expressing
patients with breast tumors and also is of no value in
patients with absent over expression of Her2/neu [88,
89], methods to enhance this drug’s activity are of po-
tential great value. The global nature of the interaction
suggests that perhaps the inhibition of prenylation and
potential other mechanisms of statin action such as
PTEN expression might also broaden the spectrum of
trastuzumab and may also heighten the degree of
anticancer activity in Her2/neu positive patients.

In a similar manner, epirubicin and fluvastatin are
synergistic in three of the four cell lines and this effect
is time dependent. The anthracyclines are some of the
most important agents in the treatment of breast can-
cer [90]. Whether or not the enhancement of cytotoxic
effect seen with an anthracycline in our studies can be
extended to an improved therapeutic index in man
awaits further study. In patients with the AKT trans-
duction pathway adding to the tumor’s survival and
proliferation, the use of a blocker of prenylation
combined with an inhibitor of this pathway (in our
studies an M-TOR inhibitor) may also be of benefit.
Our results with rapamycin indicate that antagonism

may occur in some cell lines (both with over expression
of the EGFR superfamily), but the mechanism of
antagonism remains unknown at present.

The mechanism of global synergy between fluvast-
atin and trastuzumab noted in the current studies is
under evaluation. In Toto, inhibition of prenylation
and perhaps additional pathways may have a useful
role in future management of breast cancer when
combined with additional signal transduction inhibitors
such as trastuzumab or classical cytotoxic agents such
as anthracyclines.
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