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In vitro activity of imatinib in cells from patients with adult

acute lymphoblastic leukemia

Helene Hallb66k?, Gisela Barbany®, Anna Aleskog?, Annelie Bj6rmberg®,
Rolf Larsson®, Christer Sundstrém® and Elin Lindhagen®

We evaluated the in vitro activity of imatinib on
BCR-ABL-positive and -negative tumor cells from patients
with adult acute lymphoblastic leukemia (ALL), and
investigated in vitro interactions between imatinib and
conventional agents. A non-clonogenic cytotoxicity assay
was used to analyze p190 BCR-ABL-positive (n=4), p210
BCR-ABL-positive (n=2) and BCR-ABL-negative (n=9)
tumor cells from adult ALL patients. The in vitro cytotoxic
effect of imatinib was studied alone, and in combination
with the cytotoxic agents cytarabine, prednisolone,
vincristine, daunorubicin, asparaginase and mercaptopurine.
The BCR-ABL-positive samples were significantly
(p<0.05) more sensitive to imatinib than the
BCR-ABL-negative at the concentrations 0.1, 1 and 10 pM.
Interestingly, the two p210 samples were somewhat less
sensitive to imatinib than the p190 samples. Daunorubicin,
prednisolone and cytarabine showed the largest benefit
from combination with imatinib compared to the most active
single agent. The study confirms that drug sensitivity to
imatinib is specific for BCR-ABL-positive samples. The

Introduction
In adult acute lymphoblastic leukemia (ALL) the
presence of the Philadelphia (Ph) translocation,

t(9.22)(q34;q11), is an important adverse prognostic
factor associated with long-term survival less than 10%
when treated with conventional chemotherapy regimens
[1]. The translocation results in either a p190 or a p210
Ber=Abl fusion protein and is found in 20-30% of adult
ALL cases [1,2]. Imatinib (imatinib mesylate, STI 571;
Glivec), a competitive inhibitor of the Bcer-Abl protein
tyrosine kinase [3,4], has been shown to be highly
effective in the treatment of chronic myeloid leukemia
(CML) in the chronic phase [5]. Imatinib has also shown
substantial initial efficacy in the treatment of Ph-positive
ALL and the blast phase of CML, but with rapid disease
progression [6,7].

This study was performed to evaluate the  vitro activity
of imatinib on tumor cells from adult ALL patients with
p190 or p210 BCR-ABL compared to BCR-ABL-negative
ALL tumor cells and, furthermore, to investigate if
adding imatinib to conventional agents used in current
ALL treatment could enhance or reduce activity of those
agents i vitro.
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results also suggest that combinations between imatinib
and daunorubicin, predisolone or cytarabine may be
advantageous for the treatment of Philadelphia-positive
ALL. Anti-Cancer Drugs 16:631-634 © 2005 Lippincott
Williams & Wilkins.
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Methods

Patients and samples

Samples from bone marrow or peripheral blood from 25
adult patients with ALL were used in the study.
Leukemic cells were prepared by Ficoll-Isopaque den-
sity-gradient centrifugation [8]. Cryopreserved cells were
used throughout the study. Data concerning immuno-
phenotype, Ph status and stage of disease were obtained
from the patient’s medical charts. Thereafter, the
experiments were performed with coded samples. Peri-
pheral blood mononuclear cells (PBMCs) from two
healthy donors were used as controls. The local ethical
committee approved the study.

Reagents and drugs

Cytotoxic agents were selected based on clinical useful-
ness in ALL and diversity in mechanism of action. The
concentrations were chosen based on data from previous
studies in primary ALL cells, to produce an intermediate
drug effect (cytarabine 10puM, prednisolone 30puM,
vincristine 0.5 pM, daunorubicin 0.2 uM, asparaginase
10U/ml and mercaptopurine 300 pM; all drugs were
obtained from commercial sources) [9]. Imatinib was
supplied from Novartis Pharma (Basel, Switzerland) and
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dissolved in DMSO to a concentration of 10 mM. The
drug was tested at six 10-fold solutions ranging from 100
to 0.01 uM. The concentration of 1.0uM of imatinib
resulted in approximately 50% cell survival of Ph-positive
cells and was chosen for the combination study.

Fluorometric microculture cytotoxic assay (FMCA)

The FMCA is based on the measurement of fluorescence
generated from hydrolysis of fluorescein diacetate (FDA)
to fluorescent fluorescein by cells with intact cell
membranes as previously described [9]. In each well,
100 000 viable leukemic cells in 180 pl culture medium
were seeded. The culture medium consisted of Sigma
(St Louis, MO) cell culture RPMI 1640 medium
supplemented with 10% heat-inactivated fetal calf serum,
2mM r-glutamine, 60 pg/ml penicillin and 50 pg/ml
streptomycin.  Cell viability was measured after a
continuous 72-h exposure to the cytotoxic agents in
96-well microtiter plates. Six blank wells contained only
culture medium and six control wells contained culture
medium and cells. The cell survival was calculated as the
ratio between the fluorescence in drug-treated wells and
the fluorescence in control wells with blank values
subtracted and was expressed as percentage [9]. Low
numerical values thereby indicated a high cytotoxic
effect. The proportion of leukemic cells was estimated
on May-Grunwald—-Giemsa-stained cyto-centrifuged pre-
parations, using a light microscope. All drugs and
combinations were tested in triplicates. Quality criteria
for an approved assay included a mean coefficient of
variation in control cultures less than 30%, a fluorescence
signal in control cultures of more than 5 times blank
values and a tumor cell fraction exceeding 70%.

Measurement of the BCR-ABL fusion transcript
Quantitative real-time RT-PCR (QR-PCR) was used to
detect and quantify BCR/ABL. mRNA as previously
described using GAPDH as control gene [10,11].

Statistical analysis

Non-parametric statistical analysis was used. The mean
cell survival at different concentrations of imatinib for
BCR-ABL-positive and -negative samples was compared
using the Mann—-Whitney test for unpaired comparisons.
Spearman rank correlations were used to investigate the
correlation between the level of expression of BCR/ABL
mRNA and mean cell survival. The level of significance
was set at p < 0.05.

Results

A successful drug sensitivity analysis and QR-PCR was
performed in 15 of the 25 tumor samples according to the
quality criteria of the tests [9]. The most common cause
of assay failure was fluorescence signal in control cultures
of less than 5 times blank values (eight of 10 failed
samples). Pre-B immunophenotype was dominating,

including 14 patients; the remaining patient had I~
ALL. The samples were taken at the time of diagnosis in
nine patients and at relapse in the remaining six patients.
None of the patients had received imatinib.

BCR-ABL fusion transcripts were found in six samples
(two p210 and four p190) and were absent in nine
samples. The BCR-ABL-positive samples were signifi-
cantly (» <0.05) more sensitive to imatinib than the
BCR-ABL-negative at the concentrations 0.1, 1 and
10puM (Fig. 1a). The BCR-ABL-negative samples and
the normal lymphocytes responded to imatinib only at
100uM, and to a slight extent at 10uM. A similar
sensitivity to high concentrations of imatinib has been
observed in tumor cells from acute myelocytic leukemia
and chronic lymphocytic leukemia (not shown).

All BCR-ABL-positive samples had high levels of BCR-
ABL. mRNA ranging from 107 to 404 BCR-ABL
molecules relative to 10* GAPDH molecules (data not
shown). No correlation was found between the level of
expression of BCR-ABLL mRNA and imatinib sensitivity
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Concentration—effect curve of a cell survival for primary ALL cells
exposed to five concentrations of imatinib. (a) Mean concentration—
effect curve of BCR-ABL-positive and BCR-ABL-negative ALL
samples and healthy lymphocytes (PBMC) exposed to imatinib. The
error bars show SEM. (b) Concentration—effect curve of the four p190
and two p210 BCR-ABL-positive ALL samples exposed to imatinib
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Mean cell survival of primary ALL cells when exposed to imatinib, single
agent and imatinib in combination with the single agent+ SEM.

at the concentration 1 uM (Rho = -0.4, NS, Spearman
rank correlation). Cells expressing the p190 BCR-ABL
fusion were slightly more sensitive than cells expressing
the p210 fusion, particularly at 1 uM (Fig. 1b).

The mean cell survival for BCR-ABL-positive samples to
imatinib, single agent and imatinib in combination with
the single agent is shown in Figure 2. The drugs showing
the largest benefit from combination with imatinib,
defined as the highest mean difference in cell survival
(%) of the combination compared to the most active
single agent, were daunorubicin (51% higher effect of
combination), prednisolone (41%) and cytarabine (26%).
A less pronounced effect was found for vincristine (17%
better effect of combination) and asparaginase (12%).
When imatinib was combined with mercaptopurine, the
effect of the combination was similar to the effect of the
most active constituent (mean difference 8%) and a
possible antagonistic interaction was observed in one
sample. The mean cell survival rates for the BCR-ABL-
negative cells were not significantly lower with any of the
combinations of imatinib and cytotoxic agent than with
the cytotoxic agent alone (not shown).

Discussion

The selective effect for Ph-positive leukemia is well
described in previous # vitro tests and confirmed in
clinical trials [6,12,13]. This study confirms that the drug
sensitivity to imatinib was significantly higher for BCR—
ABL-positive compared to the BCR-ABL-negative sam-
ples from ALL patients. At high concentrations of
imatinib (especially at 100 pM) even the BCR-ABL-
negative cells were sensitive, and no differences were
found between samples from the ALL-patients and the
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samples from healthy donors. These results suggest that
the activity at high concentration is less specific and
independent of the Ber—Abl tyrosine kinase.

p190 Ber-Abl has been shown to have a higher tyrosine
kinase activity compared to the p210 version [14]. This
may correlate to our results that cells expressing the p190
BCR-ABL fusion were slightly more sensitive to imatinib
than cells expressing the p210 fusion, even if the material
is small. Beran ez a/. described similar activity of imatinib
in p190 BCR-ABL Iymphoblastic and p210 BCR-ABL
myeloid cell lines [15], but this has not previously been
examined in primary ALL cells and further investigations
are required.

The short remissions achieved in Ph-positive ALL and
the blast phase of CML [6,7] with imatinib are probably
due to development of drug resistance by amplification or
mutations in the Ber—Abl tyrosine kinase [16,17]. In order
to prevent development of resistance and to achieve an
enhanced drug effect, combinations of imatinib and
cytotoxic agents are interesting, and have been the
subject of trials [18,19]. Synergistic or additive interac-
tions between imatinib and, for example, cytarabine,
daunorubicin, doxorubicin or vincristine have been found
in i vitro tests using cell lines or samples from CML
patients [20-24]. The observations from this study,
concerning primary tumor cells from patients with
BCR-ABL-positive ALL, are well in accordance with
these findings and the 7z vitro results may be of guidance
for future trials.

To conclude, the current study demonstrates a high
concordance between # vifro sensitivity to imatinib and
BCR-ABL expression, p210 being less sensitive than
p190 BCR-ABL. The study also suggests that combina-
tions of imatinib with cytotoxic drugs, such as daunor-
ubicin, predisolone and cytarabine, are interesting for
further evaluation in the treatment of Ph-positive ALL.
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