
Abstract. STI571, a specific tyrosine kinase inhibitor, exhibits
a substantial therapeutic activity in patients with chronic myeloid
leukaemia and gastrointestinal stromal tumors. In this study we
examined the activity of STI571 on the growth and invasiveness
of three human epithelial breast cancer cell lines of low (MCF-7)
and high (ZR-75-1 and MDA-MB-231)  invasive potential.
Growth of all cell lines in serum-containing medium was
significantly inhibited by STI571 in a dose-dependent manner,
with an average IC50 of approximately 5-6 ÌM. Flow cytometric
analysis revealed that this effect is characterized by an
accumulation of all breast cancer cell types tested in the G2/M-
phase of the cell cycle with a concomitant decrease of the
percentage of cells in the S-phase. Interestingly, no increase in
apoptosis was observed, indicating that the effect of this kinase
inhibitor is cytostatic rather than cytotoxic. In addition, STI571
exerts a significant inhibition effect on the invasion of the highly
invasive breast cancer cell lines ZR-75-1 and MDA-MB-231.
These results encourage further preclinical investigations on the
mechanisms underlying the inhibitory effects of STI571, which
may be of great value in breast cancer treatment.     

Breast cancer is one of the leading causes of cancer death

in women. During previous decades a variety of therapies

were proposed for the treatment of breast cancer, but the

majority of chemotherapeutic agents have not managed to

effectively inhibit cell proliferation or invasion. Newly

developed drugs and molecular-targeted therapies have

been aimed at this problem, producing improvements in

patients’ responses and survival with fewer side-effects, also

leading to an improvement in the quality of life (1). 

A number of growth factors affect the function of breast

cancer cells and thus growth factor receptors, such as

tyrosine kinase receptors, play a crucial role in the

progression of the disease (2-4). 

STI571 (Glivec®, imatinib mesylate) is a 2-phenyl

aminopyrimidine derivate that is a competitor of ATP and

inhibits specific tyrosine kinases, such as Brc-Abl, which is

the leading cause of chronic myelogenous leukaemia

(CML), as well as c-kit and PDGF-R receptors, which

regulate major cellular events in a number of solid tumors.

This drug is currently used for the treatment of CML (5)

and gastrointestinal stromal tumors (GISTs) (6) and has

shown encouraging in vitro results in colon (7) and small cell

lung cancer cell lines (8-9). Furthermore, a phase II study

has been performed at the University of Texas, M.D.

Anderson Cancer Center, USA, in metastatic breast cancer

patients (10).

In this study we report on the effect of STI571 on a panel

of three breast cancer cell lines of low and high metastatic

potential. Our results indicate that STI571 exerts a

significant inhibitory effect on the proliferation and invasion

of breast cancer cells.

Materials and Methods

MCF-7 (HTB 22; human breast adenocarcinoma, ER-positive, low

invasiveness), MDA-MB-231 (HTB-26; human breast adeno-

carcinoma, ER-negative, high invasiveness) and ZR-75-1 (CRL-1500;

human breast ductal carcinoma, ER-positive, high invasiveness) cell

lines were obtained from the American Tissue Culture Collection

(ATCC). The cells were routinely grown at 37ÆC in a humidified

atmosphere of 5% (v/v) CO2. MCF-7 and MDA-MB-231 cells were
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cultured in EMEM supplemented with 10% (v/v) FBS, 2 mM L-

glutamine, 1.0 mM sodium pyruvate, 1.5 g/L sodium bicarbonate, 0.1

mM non-essential amino acids, 0.01 mg/mL of insulin and a cocktail

of antimicrobial agents (100 IU/mL penicillin, 100 Ìg/mL

streptomycin, 10 mg/mL gentamicin sulphate and 2.5 Ìg/mL

amphotericin B). ZR-75-1 cells were grown in RPMI 1640 medium

containing 10% (v/v) FBS, 2 mM L-glutamine, 1.0 mM sodium

pyruvate, 1.5 g/L sodium bicarbonate, 10 mM HEPES, 4.5 g/L glucose

and the above-mentioned cocktail of antimicrobial agents. Control

flasks were treated with 0.1% (v/v) DMSO. 

In order to evaluate the effects of STI571 on cell proliferation,

cells were seeded in the presence of serum into 24-well plates at a

density of 2 x 104 cells per well. One day after plating, new medium

was added with STI571 (0.1-30 ÌM). STI571 was dissolved in

DMSO (final concentration less than 0.1% (v/v)) and it was used in

cell cultures upon dilutions in culture media. Eighteen hours before

the end of the experiment, 0.1 ÌCi/mL [methyl-3H]-thymidine (25

Ci/mmol) was also added and, after a total 48-hour incubation, the

culture medium was aspirated and the cells were washed with PBS

and fixed with ice-cold trichloroacetic acid (5% w/v), for 10 minutes.

Following extensive washing with tap water and air-drying, DNA

was solubilised by addition of 0.3 mL of 1% (w/v) SDS in 0.3 M

NaOH under continuous shaking for 30 minutes. The lysates were

transferred into vials containing 3 mL of ready safe scintillation

cocktail (Lumac-LSC, Groningen, The Netherlands) and subjected

to scintillation counting (11).   

Cell cycle distribution was estimated by flow cytometry.

Subconfluent cultures of MCF-7, MDA-MD-231 and ZR-75-1 cells

were cultured in the absence and presence of 10 Ìª STI571. The

cells were collected by trypsinization, washed with ice-cold PBS,

fixed in 50% (v/v) ethanol and stained with a solution containing

propidium iodide (50 Ìg/ml) and RNase (10 Ìg/ml). Flow

cytometric analysis was performed in a FACS Scan flow cytometer

(Becton Dickinson, Menlo Park, CA, U.S.A.) equipped with a

Modfit software.  

To determine whether STI571 affects the invasive potential of the

highly metastatic cell lines MDA-MB-231 and ZR-75-1, a

commercially available cell invasion assay (Chemicon Int., Temecula,

CA, USA) was used according to the manufacturer’s instructions.

Cells were incubated in the presence or absence of 10 Ìª STI571 at

37ÆC under 5% CO2. After 48 hours, the cells from the inner

chamber were removed and the lower surface of the polycarbonate

membrane was stained with the solution provided. Cells were

counted in a reverse phase microscope. Alternatively, the cells were

lysed in 10% (v/v) acetic acid and the stain incorporated in the cells

was measured by a colorimetric reading at 560 nm. 

In all experiments, the mean values ± standard deviations (SD)

for six determinations in triplicate were calculated. Statistically

significant differences were evaluated using the Student’s t-test

(GraphPad InStat version 3.0 Software). Differences were

considered statistically significant at the level of p≤0.001. 

Results

STI571 inhibits the growth of epithelial breast cancer cells. To

examine the effect of STI571 on cell growth, breast cancer

cells were incubated in the presence of increasing

concentrations of this inhibitor for 48 hours. To be more

clinically relevant, the effect of STI571 was studied in the

presence of serum, as previously proposed (11). In order to

determine whether the inhibitor could inhibit cell growth

under these circumstances, a panel of three representative

breast cancer-derived epithelial cell lines (MCF-7, MDA-

MD-231 and ZR-75-1) was used. Cell proliferation was

estimated by measuring the incorporation of [H3]-thymidine

into newly synthesized DNA. As shown in Figure 1, in all cell

lines STI571 inhibited cell proliferation in a dose-dependent

manner, with an average IC50 ranging between 5 and 6 Ìª. 

STI571 inhibits cell cycle progression. Subsequently, we

studied the effect of STI571 in breast cancer cell lines tested

by flow cytometry. Analysis of the cell cycle progression of

the three epithelial breast cancer cell lines resulted in a

reduction of S-phase and a respective increase of G2/M-

phase in all the cell lines after treatment with 10 Ìª

STI571, a concentration that induces a 50-90% growth

inhibition (Figure 1). Interestingly, we did not detect any

significant increase of apoptosis, which in all cases was

found to be very low. The above indicates that the inhibitory

effect of STI571 on breast cancer cell proliferation is purely

cytostatic. 

STI571 suppresses the cellular invasion of the highly invasive
breast cell lines. Finally, we examined whether STI571 affects

the invasion of human breast cancer cells. For this purpose

the highly invasive MDA-MB-231 and ZR-75-1 cells were

cultured in the absence or presence of 10 Ìª STI571 and

their ability to invade an extracellular matrix membrane was

determined by a cell invasion assay, as described in

Materials and Methods. STI571 was found to significantly

block the invasion of MDA-MB-231 (ca. 81%) and ZR-75-
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Figure 1. STI571 inhibits the growth of epithelial breast cancer cells. Three
representative cell lines were incubated in serum-containing medium for
48h in the presence of increasing concentrations of STI571 and cell
proliferation was determined by measuring tritiated thymidine
incorporation. Results are expressed as the percentage of incorporated
thymidine as compared to DMSO vehicle control. Data are representative
of three individual experiments performed in six replicates. 



1 (ca. 38%) cells, supporting that this kinase inhibitor also

suppresses the invasiveness of both cell lines (Figure 2).

Discussion

We report here that STI571 is a powerful inhibitor of the

proliferation of breast cancer cell lines in a dose-dependent

manner, with an IC50 of 5-6 ÌM. The low IC50 value obtained

indicates that STI571 may have a potential effect in vivo in

contrast to other cases, such as medullary thyroid cancer

(IC50 of 43 Ìª) where STI571 is not likely to be an effective

agent (12). In serum-containing media cells are stimulated by

a mixture of growth factors thus providing a model that is

more clinically relevant as compared to serum-free cultures.

Similar results have already been reported for small cell lung

and colon carcinoma cells (8, 7). Moreover, flow cytometric

analysis revealed no differences in the mechanisms in breast

cancer cell lines underlying these phenomena. The inhibition

in cell proliferation is strictly cytostatic (as no apoptosis was

observed) due to an increase in the percentage of cells in the

G2/M-phase of the cell cycle. These results are in accordance

with the action of STI571 on small cell lung cancer cell lines

cultured under serum-rich conditions (8), where no

significant apoptosis was observed and a G2/M-phase arrest

has been noticed (9). In contrast, in colon cancer cell lines an

induction of apoptosis was reported (7). Furthermore, we

observed a significant decrease in the invasive potential of

breast cancer cell lines with STI571. This is also in

accordance with the results of Attoub et al. (7) and Wang et
al. (9) for colon and small cell lung cancer cells, respectively.

This may be due to an inhibition caused by STI571 on the

production or activation of extracellular matrix degrading

enzymes, but this has to be further elucidated. 

The results presented here encourage further preclinical

investigation into the prospective role of STI571 in the

treatment of hormone- and non-hormone-dependent breast

cancer. Further studies to elucidate the mechanism of action

of STI571 in breast cancer cells are necessary.  
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Figure 2. Effect of STI571 (10 ÌM) on cellular invasion of the highly
metastatic breast cancer cell lines ZR-75-1 (a) and MDA-MB-231 (b). 


