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Abstract

Background: Ex-vivo chemosensitivity tests that measure cell death induction may predict
treatment outcome and, therefore, represent a powerful instrument for clinical decision making in
cancer therapy. Such tests are, however, work intensive and, in the case of the DiSC-assay, require
at least four days. Induction of apoptosis is the mode of action of anticancer drugs and should,
therefore, result in the induction of caspase activation in cells targeted by anticancer therapy.

Methods: To determine, whether caspase activation can predict the chemosensitivity, we
investigated enzyme activation of caspase-3, a key executioner caspase and correlated these data
with chemosensitivity profiles of acute myeloid leukemia (AML) blasts.

Results: There was, however, no correlation between the ex-vivo chemosensitivity assessed by
measuring the overall rates of cell death by use of the DiSC-assay and caspase-3 activation.

Conclusion: Thus, despite a significant reduction of duration of the assay from four to one day,
induction of apoptosis evaluated by capase-3 activity does not seem to be a valid surrogate marker
for chemosensitivity.

Background

Cytogenetic abnormalities, age, initial leucocyte count
and P-glycoprotein expression are examples of widely
accepted prognostic factors in acute myeloid leukemia [1-
5]. However, the prognosis of an individual patient may
still not accurately be determined by these factors. The ex-
vivo chemosensitivity profile may help to predict the indi-
vidual response to therapy and, more importantly, to
individualize the treatment and to identify new agents [6-
8].

Many ex-vivo chemosensitivity assays have been investi-
gated for over 40 years. The clonogenic assay is a long

term assay but technical drawbacks and the long culturing
time have limited the clinical use of the method [9,10].
Most assays used today are short term total cell kill assays,
however, the methods to determine viable cells after incu-
bation with cytotoxic agents vary greatly between direct
evaluation of the cells and, in the vast majority, indirect
evaluation using different surrogate markers. The differen-
tial staining cytotoxicity assay (DiSC) uses microscopic
evaluation of dye exclusion in viable cells [11,12]. In the
MTT assay, surviving cells reduce the methyl-thiazol-tetra-
zolium (MTT) into highly colored formazan which can be
quantified by spectrophotometry [13-15]. Other assays
have used fluorescein diacetate (FMCA) or cellular ATP
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content as a surrogate marker of cell viability [16,17]. All
these assays mentioned above are based on essentially the
same culturing procedures in terms of incubating fresh
leukemic cells with cytotoxic agents over a period of four
to five days. A shorter duration of assays, however, may be
useful to obtain ex-vivo chemosensitivity profiles prior
the onset of treatment and would allow to individualize
the therapy in most patients.

It is generally accepted that cytotoxic drugs eliminate
malignant cells by inducing apoptosis (programmed cell
death) [18,19]. This process starts, as it was shown in
hematopoietic tumor cell lines, within hours of exposure
to cytotoxic drugs [20]. Thus, quantification of a surrogate
marker of apoptosis might be a suitable method for a fast
ex-vivo chemosensitivity assay. The appearance of phos-
pholipids like phosphatidylserine at the cell surface is a
common marker for apoptosis which can be detected by
Annexin V using flow cytometry [21,22]. Apoptosis may
also be quantified by changes of the mitochondrial elec-
trochemical transmembrane potential using DiOC; or JC-
1 [21,23], by detection of DNA- respectively nuclear-frag-
mentation using the TdT-assay [23], gel-electrophoresis or
acridine orange [21,24-26]. Further apoptotic markers are
the cleaved forms of poly (ADP-ribose) polymerase
(PARP) and caspase-3 which both are detectable by spe-
cific antibodies [24,25,27-29].

Most of these methods allow some grade of automation
and a reasonable number of samples to be processed,
which is needed for the clinical use of an ex-vivo chemo-
sensitivity assay as well as for the identification of new
agents. A development allowing more automation and
larger sample sizes might be the detection of activated cas-
pase-3, the main effector caspase in the apoptotic enzyme
cascade, by using fluorogenic substrates and detection of
enzyme activation in microplate readers [30]. To evaluate
the usefulness and accuracy of such a procedure, we inves-
tigated the ex-vivo chemosensitivity assessed by measur-
ing caspase-3 activation and, also, compared these data to
results obtained by DiSC assay in AML blasts.

Methods

Patient samples

Bone marrow (BM) or peripheral blood (PB) were taken
from adult patients with acute myeloid leukemia (AML)
with informed consent during routine diagnostic BM aspi-
ration and/or phlebotomy before treatment was started.
Samples were collected in heparinized tubes from patients
treated at our institution.

Cell lines
For establishing the caspase-3 assay the AML cell lines
THP-1, HEL and KG-1 were used.
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Drugs

Drugs were dissolved according to manufacturers' instruc-
tions and diluted in RPMI 1640 culture medium (Gibco,
Paisley, UK). In order to induce cytotoxicity levels ex vivo
comparable with those induced in vivo, the drugs were
used at concentrations encompassing the range of clini-
cally relevant plasma levels, as previously reported [31].
Cytarabine (Ara-cell™, cell-pharm, Hannover, Germany)
was used at final concentrations in the range from 0.06
pg/ml to 5 pg/ml in the DiSC-Assay and from 0.06 to 20
pg/ml in the caspase-3 assay. Daunorubicin (Daunoblas-
tin™, Pharmacia, Erlangen, Germany) was tested at final
concentrations ranging from 0.008 pg/ml to 2 pug/ml and
from 0.008 pg/ml to 5 pg/ml, mitoxantrone
(Novantron™, Lederle, Miinster, Germany) from 0.006
pg/ml to 0.5 pug/ml and from 0.006 pg/ml to 20 pug/ml in
the DiSC-assay and the caspase-3 assay, respectively. The
drugs were tested in duplicate samples at 5 different con-
centrations in the DiSC-Assay and in triplicate samples at
six different concentrations in the caspase-3 assay.

Differential Staining Cytotoxicity (DiSC)-Assay

The DiSC-assay was performed as previously described
with minor modifications [11,32-34]. After density gradi-
ent isolation 105 fresh leukemic cells were resuspended in
RPMI 1640 medium (Life Technologies, Germany) con-
taining 10% heat-inactivated fetal calf serum (Biochrom,
Germany) and penicillin-streptomycin (Life Technolo-
gies, Germany). Cells were incubated either without (con-
trol samples) or with added cytotoxic drug in a total
volume of 200 pl (37°C, humidified 5% CO,) for 96
hours. After the incubation 1% fast-green and 0.5%
nigrosin (Sigma Aldrich Chemie, Taufkirchen, Germany),
including fixed duck erythrocytes as an internal standard,
were added to each tube. Cells were transferred to colla-
gen surfaced microscope slides by cytocentrifugation, air-
dried and counterstained with May-Griinwald-Giemsa
stain (Sigma Aldrich Chemie). Subsequent evaluation of
slides by light microscopy facilitated the determination of
drug efficacy at each drug concentration compared with
controls.

Caspase-3 activity assay

For measuring the activation of the caspase-3 we used the
fluorometric assay TIA (Test for Induced Apoptosis) Prod-
uct No. CDC_101 Evotec technologies, subsequently
called Casp3-test (Evotec Analytical Systems, Erkrath, Ger-
many). This assay employs the peptide substrate DEVD-
AMC. 105 ficoll isolated mononuclear cells were incu-
bated without (control samples) or with added cytotoxic
drug in a total volume of 100 ul (37°C, humidified 5%
CO,) for 16 hours. Afterwards, cell lysis was performed by
adding 10 pl of lysis-solution (Evotec) and 90 pl lysis
buffer (Evotec) to each well and incubating the suspen-
sion for one hour at room temperature in the dark on a
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Table I: Patient characteristics
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Patients diagnosed with AML, no

Age [years]: median (range)

Female/male ratio, no

Successful DiSC-assays, no (%)

Successful Casp3-tests, no (%)
Successful single drug tests, no (%)

4
45 (19 - 73)
16/26
37/42 (88%)
42/42 (100%)
116/126 (92%)

DiSC-assay / Casp3-test correlation, no (%) 37/42 (88%)
Correlation between single drugs, no (%) 94/126 (75%)
FAB-groups No
MI 3
M2 12
M3 4
M4 10
M5 5
Mé |
Secondary AML 7
shaker. For fluorometric detection of caspase-3 activity =~ Results

1% (v/v) substrate DEVD covalently linked to the fluoro-
genic dye (7-amino-4-methyl coumarin, AMC) was
added. Upon cleavage by caspase-3 free dye as an indica-
tor for cumulated caspase-3 activity was detected using a
fluorescence microplate reader (SPECTRAFluor, Tecan,
Grodig/Salzburg, Austria) with a 360 nm excitation and a
465 nm emission filter for 30 to 60 minutes.

Data analysis

For the DiSC assay logistic curves were fitted to the cell
count survival data; the logit of survival probability was
taken to be linear with respect to the logarithm of drug
concentration [8,34,35]. LCy-doses, that is, the concen-
tration of drug to produce a 90% reduction in cell survival
compared with control cells, were determined by calculat-
ing the log dose at which the fitted survival probability
was equal to 0.1. As LCy-results are log normal, all LC,,-
values were logged (base 10) before calculation of
median, ranges of concentrations and statistical tests.

Established analyzing procedures for ex-vivo chemosensi-
tivity assays assume that the minimum and the maximum
drug-effects are defined. In case of enzymes like the cas-
pases the in-vivo maximum activity in live cells cannot be
reliably obtained. Therefore, an analyzing procedure to
describe the relationship between drug concentration and
caspase activation had to be developed for the Casp3-test
and is presented as part of the results. For comparison
between DiSC assay and Casp3-test results the Spearman's
regression was applied.

Patient characteristics

In this study, we examined 42 AML-specimens. Patient
characteristics are shown in Table 1. The diagnosis and
classification of AML was confirmed by central review of
bone marrow slides, at our institution patients were
treated according to treatment protocols of the AML-
Cooperative Group (AMLCG, Germany).

Evaluation of caspase-3 assay (Casp3-test)

Before using the Casp3-test for the assessment of the ex-
vivo drug sensitivity an analyzing procedure had to be
developed. With increasing drug concentrations we
observed an increasing fluorescence signal following an S-
shaped curve for the caspase-3 activity. This dependence
of fluorescence upon the concentration of a cytotoxic drug
with the appearance of a saturation behavior corresponds
to kinetics described by the Michaelis-Menten equation.
The base-level of fluorescence was integrated into the
Michaelis-Menten equation by adding a constant "CutOff
" as follows:

V = CutOff + V.. *[SI/([S]+Ky)

with V being the gradient of fluorescence, V,,, being the
maximum gradient of fluorescence, [S] the drug concen-
tration, CutOff the base-level of fluorescence and K
being the Michaelis constant describing the drug concen-
tration at half maximum rate of reaction (Figure 1). The
K, served as a measure for the cytotoxic efficacy of the
chemotherapeutic agents.
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Example of a typical dose-response curve received by the
Casp3-test (a) and the DiSC-assay (b) in leukemic cells from
a patient with AML after incubation with daunorubicin. FU =
Fluorescence Units, TCS = tumor cell survival.

For defining an optimal incubation period to allow time
for all drugs studied to exert their apoptotic effect and,
also, to find stable caspase-3 activity rates we performed
time course experiments. The AML cell lines HEL, THP-1
and KG-1 were incubated with daunorubicin (0.03 - 5 pg/
ml) and cytarabine (0.19 - 20 ug/ml). The incubation was
stopped after every two hours up to 24 hours. Plotting the
fluorescence signal in dependence upon incubation time,
maximum values were observed at different time points
corresponding to different drug concentrations. Usually,
the highest drug concentrations achieved their maximum
of relative fluorescence (compared to controls) after 8 to
12 hours of incubation in contrast to lower concentra-
tions with 12 to 14 hours. Generally, higher fluorescence
levels were obtained by higher drug concentrations.

Daunorubicin
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Figure 2

Average K -values of daunorubicin and incubation time in
the cell lines HEL, THP-1 and KG-1.

Stability of K ,,

The K, as a marker for the cytotoxic efficacy of a specific
drug was determined according to the Michaelis-equation
as described above. Stable K, -values were achieved during
incubation with daunorubicin within 14 hours and with
cytarabine within 12 hours (Figure 2). In order to have
reliably stable rates of apoptosis we chose an incubation
time of 16 hours.

Ex-vivo chemosensitivity by the DiSC-assay

In 37 of 42 AML samples (88%) the DiSC-assay was suc-
cessfully performed. In 5 cases the assay failed due to bac-
terial contamination. All chemotherapeutic drugs tested -
ara-C, daunorubicin and mitoxantrone - induced cell
death in a dose-dependent manner (Figure 1). The sensi-
tivities of the AML cells expressed as LC,,s showed varia-
bility between the patients from as much as 22-fold below
(for ara-C) to 105-fold above (also for ara-C) the median
value (Table 2). For each drug, a range of sensitivities was
observed, ranging from very sensitive to very resistant
[11,36]. These individual patient drug sensitivity profiles
reflect the patient heterogeneity seen in the clinic [37]. If
more than 90% of the tumor cells were already killed by
the lowest drug concentration, the LCy,-value was set
equal to the corresponding lowest drug concentration
[13]. This was observed in seven cases after incubation
with cytarabine.
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Table 2: Median LCyy- (DiSC-assay) and K, -values (Casp3-test) for cytarabine, daunorubicin and mitoxantrone (range).

Drug

LCyo (ng/ml)

Ky (ug/ml)

Cytarabine
Daunorubicin
Mitoxantrone

.40 (0.06 — 147.44)
0.63 (0.2 - 1.59)
0.235 (0.02 - 3.34)

0.270 (0.062 - >20)
0.443 (0.011 - >5)
0.222 (0.007 - >20)

Ex-vivo chemosensitivity by the Casp3-test

The Casp3-test was successful in all 42 AML samples in
terms of measurable caspase activity. But as far as the var-
ious cytotoxic drugs - ara-C, daunorubicin and mitox-
antrone - are concerned apoptosis could be demonstrated
in a dose-dependent manner only in a subset of 116 of
126 tests (92%) (Figure 1). The sensitivities of the AML
blasts expressed as K, showed extreme variability between
the patients from as much as 40-fold below (for daunoru-
bicin) to 6,3 x 108-fold above (for ara-C) the median
value (Table 2). In 14 cases K -values were less than the
lowest concentration of ara-C used in the assay, hence the
K,,-values was set equal to the lowest ara-C concentration
tested in these cases.

Comparison between DiSC-assay and Casp3-test

Both assays were simultaneously performed on each of
the 42 AML samples. Correlation between the two tests
was possible for cytarabine in 33 cases, for daunorubicin
in 36 cases and for mitoxantrone in 33 cases.

For each drug tested the K_-values by the Casp3-test
showed an extreme variability as compared to the LCy,-
values by the DiSC-assay, although the median values
were quite similar (Table 2). LC,-values did not correlate
with corresponding K, -values of cytarabine (R2= 0.38, p
= 0.491), daunorubicin (R2=0.001, p = 0.964) or mitox-
antrone (R2 = 0.005, p = 0.544) according to the regres-
sion after Spearman-Rho. The associations of LCy,-values
with K -values of the three drugs are shown in Figure 3.

Discussion

The major goal of this study was to determine whether the
ex-vivo drug resistance in fresh leukemic cells from
patients with AML is reliably assessed by a short-time
apoptosis-assay that measures caspase-3 activation. To
this end, we compared the Casp3-test with established
methods like the differential staining cytotoxicity (DiSC)-
assay that measures reliably the overall rate of cell death
induced by anticancer drugs [6,8,11,34,37,38]. The cyto-
toxic drugs cytarabine, daunorubicin and mitoxantrone,
commonly used in the treatment of AML were tested in
both assays.

In the Casp3-test, the activation of proteases that recog-
nize the DEVD peptide motif (DEVD-ases), especially cas-
pase-3 was detected by measuring a fluorescence signal
generated by a fluorogenic dye upon cleavage by caspase-
3.1t has been repeatedly demonstrated that apoptosis usu-
ally is the dominant mode of tumor cell death promoted
by chemotherapy [19,39,40], and caspase-3 is a major
effector protease in this process [41-44]. Our results indi-
cate, however, that levels of caspase-3 activation, i.e.
DEVD-ases, do not correlate with sensitivity or resistance
to commonly employed anticancer drugs in AML blasts.
Even though apoptosis is the main pathway for drug-
induced cell death caspase-3 activities fail to predict the
response to chemotherapy as determined by measuring
ex-vivo chemosensitivity by the DiSC-assay. There was no
association between LC,,-values (DiSC-assay) and corre-
sponding K -values (Casp3-test) of cytarabine (p =
0.491), daunorubicin (p = 0.964) or mitoxantrone (p =
0.544).

The DiSC-assay measures total cell death and, therefore,
integrates apoptotic and non-apoptotic death induced by
chemotherapy. Moreover, the DiSC-assay was shown to
identify response to therapy and also long-term survival in
various hematological neoplastic diseases [8,35]. This
assay has been extensively evaluated in B-CLL, AML and,
also, ALL [8,11,36-38,45]. In a large series of AML
patients, we have recently shown an overall predictive
accuracy for the DiSC-assay of 98.2% concerning treat-
ment response and proofed the ex-vivo chemosensitivity
evaluated by the DiSC-assay as one of the strongest prog-
nostic factors [34]. For the DiSC-assay, it has also been
demonstrated that it runs more reliable than colony-form-
ing assays that measure clonogenic growth and that
results obtained by DiSC-assay are equivalent to both, the
colony-forming assay and the colorimetric MTT-assay
[32,36]. Based on this background, the DiSC-assay serves
as an established standard method to evaluate the individ-
ual ex-vivo chemosensitivity and, also, as an appropriate
reference method to evaluate and establish new ex-vivo
chemosensitivity assays. Furthermore, the DiSC-assay has
also been used to study various parameters influencing
the apoptotic process [46,47].
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Distribution of the LCyy- (DiSC-assay) and K -values (Casp3-
test) for the tested drugs a) cytarabine (N = 33), b) daunoru-
bicin (N = 36), and c) mitoxantrone (N = 33).

Therefore, due to the lack of correlation between the
Casp3-test and the DiSC-assay it must be concluded that
the Casp3-test is not equivalent to the DiSC-assay and,

http://www.biomedcentral.com/1471-2407/5/60

consequently, not appropriate for the assessment of the
individual ex-vivo chemosensitivity and the identification
of new agents. This observation may be due to the test-sys-
tem itself, but it seems more likely that it is due to the
methodology of the Casp3-test to assess chemosensitivity.

Most established ex-vivo chemosensitivity assays measure
total apoptotic cell death after all drugs tested have
exerted their apoptotic effect. In contrast, determination
of caspase-3 activation only reflects the apoptosis at a sin-
gle time. However, total apoptotic cell death is the result
of all apoptotic processes which occur during the whole
incubation time of 96 h in the DiSC assay allowing
enough time for all drugs studied to exert their apoptotic
effect. It becomes clear that the intensity of apoptosis at
one time point does not necessarily represent the intensity
of all apoptotic processes. Moreover, anticancer drugs
may also induce caspase-independent cell death and this
could be neglected when only caspase-3 activities are
determined [26]. It might be argued that 16 hours of incu-
bation with cytotoxic agents in fresh leukemic cells may
be too short for the evaluation of caspase-3 activity, but in
all cell line experiments K -values were found stabilized
within 14 hours. Additionally, K,-values could be calcu-
lated in 92% of the Casp3-tests done on patient material,
and the median K -values were comparable with median
LCy,-values of the DiSC-assay implicating an adequate
incubation period.

Conclusion

In conclusion, the use of a caspase-3 activity test for the
assessment of the ex-vivo chemosensitity does not appear
to be suitable for the prediction of drug responses.
Therefore, established tests like the DiSC-assay or the
MTT-assay are still the best choice for predicting chemo-
sensitivities of cancer cells.

Competing interests

The company Evotec Analytical Systems, Erkrath, Ger-
many provided funding to perform this study at our insti-
tution. The authors declare that they are not related to the
company Evotec Analytical Systems in any way and that
they have no financial or non-financial competing inter-
ests. Furthermore, the authors declare that the description
of the results in this manuscript was not influenced by the
company and that no information was withheld.

Authors' contributions

PS conceived of the study, and participated in its design
and coordination and drafted and revised extensively the
manuscript. JT performed the caspase-3 activity tests and
its interpretation and drafted the manuscript. TST per-
formed the DiSC-assays and its interpretation. TS partici-
pated in the design of the study and performed the
statistical analysis and helped to draft the manuscript.

Page 6 of 8

(page number not for citation purposes)



BMC Cancer 2005, 5:60

Acknowledgements

This work was supported by a grant from Evotec Analytical Systems,
Erkrath, Germany. We thank Dana Chrobok for her skillful technical assist-
ance. We gratefully acknowledge Volker Diehl, MD, PhD, for encouraging
this work to be done at the time he was chief of the department. We are
also grateful to Michael Hallek, MD, PhD, chief of the department, for help-
ful suggestions and editorial assistance with the manuscript.

References

I.  Schoch C, Haferlach T, Haase D, Fonatsch C, Loffler H, Schlegel-
berger B, Staib P, Sauerland MC, Heinecke A, Biichner T, Hiddemann
W: Patients with de novo acute myeloid leukaemia and com-
plex karyotype aberrations show a poor prognosis despite
intensive treatment: a study of 90 patients. Br | Haematol 2001,
112:118-126.

2. Grimwade D, Walker H, Oliver F, Wheatley K, Harrison C, Harrison
G, Rees |, Hann |, Stevens R, Burnett A, Goldstone A: The impor-
tance of diagnostic cytogenetics on outcome in AML: analy-
sis of 1,612 patients entered into the MRC AML 10 trial. The
Medical Research Council Adult and Children's Leukaemia
Working Parties. Blood 1998, 92:2322-2333.

3. Leith CP, Kopecky K], Chen IM, Eijdems L, Slovak ML, McConnell TS,
Head DR, Weick ], Grever MR, Appelbaum FR, Willman CL: Fre-
quency and clinical significance of the expression of the
multidrug resistance proteins MDRI/P-glycoprotein, MRPI,
and LRP in acute myeloid leukemia: a Southwest Oncology
Group Study. Blood 1999, 94:1086-1099.

4.  Laupeze B, Amiot L, Drenou B, Bernard M, Branger B, Grosset |M,
Lamy T, Fauchet R, Fardel O: High multidrug resistance protein
activity in acute myeloid leukaemias is associated with poor
response to chemotherapy and reduced patient survival. Br |
Haematol 2002, 116:834-838.

5. Bichner T, Hiddemann W, Wérmann B, Loffler H, Gassmann W,
Haferlach T, Fonatsch C, Haase D, Schoch C, Hossfeld D, Lengfelder
E, Aul C, Heyll A, Maschmeyer G, Ludwig WD, Sauerland MC, Hei-
necke A: Double induction strategy for acute myeloid leuke-
mia: the effect of high-dose cytarabine with mitoxantrone
instead of standard-dose cytarabine with daunorubicin and
6-thioguanine: a randomized trial by the German AML
Cooperative Group. Blood 1999, 93:4116-4124.

6.  Norgaard JM, Langkjer ST, Palshof T, Pedersen B, Hokland P: Pre-
treatment leukaemia cell drug resistance is correlated to
clinical outcome in acute myeloid leukaemia. Eur | Haematol
2001, 66:160-167.

7. Klumper E, Ossenkoppele GJ, Pieters R, Huismans DR, Loonen AH,
Rottier A, Westra G, Veerman AJ: In vitro resistance to cytosine
arabinoside, not to daunorubicin, is associated with the risk
of relapse in de novo acute myeloid leukaemia. Br | Haematol
1996, 93:903-910.

8.  Staib P, Lathan B, Schink&the T, Wiedenmann S, Pantke B, Dimski T,
Voliotis D, Diehl V: Prognosis in adult AML is precisely pre-
dicted by the DISC-assay using the chemosensitivity-index
Ci. Adv Exp Med Biol 1999, 457:437-444.

9.  Hamburger AW, Salmon SE: Primary bioassay of human tumor
stem cells. Science 1977, 197:461-463.

10. Marie JP, Zittoun R, Thevenin D, Mathieu M, Viguie F: In vitro cul-
ture of clonogenic leukaemic cells in acute myeloid leukae-
mia: growth pattern and drug sensitivity. Br | Haematol 1983,
55:427-437.

I'1.  Bosanquet AG, Bell PB: Enhanced ex vivo drug sensitivity test-
ing of chronic lymphocytic leukaemia using refined DiSC
assay methodology. Leuk Res 1996, 20:143-153.

12.  Weisenthal LM, Marsden JA, Dill PL, Macaluso CK: A novel dye
exclusion method for testing in vitro chemosensitivity of
human tumors. Cancer Res 1983, 43:749-757.

13. Pieters R, Loonen AH, Huismans DR, Broekema GJ, Dirven MW,
Heyenbrok MW, Hahlen K, Veerman AJ: In vitro drug sensitivity
of cells from children with leukemia using the MTT assay
with improved culture conditions. Blood 1990, 76:2327-2336.

14.  Sargent M, Taylor CG: Appraisal of the MTT assay as a rapid
test of chemosensitivity in acute myeloid leukaemia. Br |
Cancer 1989, 60:206-210.

15.  Carmichael J, DeGraff WG, Gazdar AF, Minna |D, Mitchell |B: Evalu-
ation of a tetrazolium-based semiautomated colorimetric

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

http://www.biomedcentral.com/1471-2407/5/60

assay: assessment of chemosensitivity testing. Cancer Res 1987,
47:936-942.

Rhedin AS, Tidefelt U, Jonsson K, Lundin A, Paul C: Comparison of
a bioluminescence assay with differential staining cytotoxic-
ity for cytostatic drug testing in vitro in human leukemic
cells. Leuk Res 1993, 17:271-276.

Larsson R, Kristensen |, Sandberg C, Nygren P: Laboratory deter-
mination of chemotherapeutic drug resistance in tumor cells
from patients with leukemia, using a fluorometric microcul-
ture cytotoxicity assay (FMCA). Int | Cancer 1992, 50:177-185.
Aragane Y, Kulms D, Metze D, Wilkes G, Poppelmann B, Luger TA,
Schwarz T: Ultraviolet light induces apoptosis via direct acti-
vation of CD95 (Fas/APO-l) independently of its ligand
CD95L. | Cell Biol 1998, 140:171-182.

Hannun YA: Apoptosis and the dilemma of cancer
chemotherapy. Blood 1997, 89:1845-1853.

Del Bino G, Darzynkiewicz Z, Degraef C, Mosselmans R, Fokan D,
Galand P: Comparison of methods based on annexin-V bind-
ing, DNA content or TUNEL for evaluating cell death in HL-
60 and adherent MCF-7 cells. Cell Prolif 1999, 32:25-37.

Tabrizi R, Mahon FX, Cony Makhoul P, Lagarde V, Lacombe F, Ber-
thaud P, Melo }V, Reiffers ], Belloc F: Resistance to daunorubicin-
induced apoptosis is not completely reversed in CML blast
cells by STI571. Leukemia 2002, 16:1154-1159.

Nimmanapalli R, O'Bryan E, Huang M, Bali P, Burnette PK, Loughran
T, Tepperberg ], Jove R, Bhalla K: Molecular characterization and
sensitivity of STI-571 (imatinib mesylate, Gleevec)-resistant,
Bcr-Abl-positive, human acute leukemia cells to SRC kinase
inhibitor PD180970 and 17-allylamino-17-demethoxygeldan-
amycin. Cancer Res 2002, 62:5761-5769.

Liu T, Raetz E, Moos P), Perkins SL, Bruggers CS, Smith F, Carroll WL:
Diversity of the apoptotic response to chemotherapy in
childhood leukemia. Leukemia 2002, 16:223-232.

Kim HS, Jeong SY, Lee JH, Kim BE, Kim JW, Jeong SW, Kim IK: Induc-
tion of apoptosis in human leukemia cells by 3-deazaadenos-
ine is mediated by caspase-3-like activity. Exp Mol Med 2000,
32:197-203.

Konstantinov SM, Kostovski A, Topashka-Ancheva M, Genova M,
Berger MR: Cytotoxic efficacy of bendamustine in human
leukemia and breast cancer cell lines. | Cancer Res Clin Oncol
2002, 128:271-278.

Ofir R, Seidman R, Rabinski T, Krup M, Yavelsky V, Weinstein Y,
Wolfson M: Taxol-induced apoptosis in human SKOV3 ovar-
ian and MCF7 breast carcinoma cells is caspase-3 and cas-
pase-9 independent. Cell Death Differ 2002, 9:636-642.

Byrd JC, Kitada S, Flinn IW, Aron JL, Pearson M, Lucas D, Reed JC:
The mechanism of tumor cell clearance by rituximab in vivo
in patients with B-cell chronic lymphocytic leukemia: evi-
dence of caspase activation and apoptosis induction. Blood
2002, 99:1038-1043.

Hasenjiager A, Gillissen B, Muller A, Normand G, Hemmati PG,
Schuler M, Dérken B, Daniel PT: Smac induces cytochrome c
release and apoptosis independently from Bax/Bcl-x(L) in a
strictly caspase-3-dependent manner in human carcinoma
cells. Oncogene 2004, 23:4523-4535.

Prokop A, Wrasidlo W, Lode H, Herold R, Lang F, Henze G, Dérken
B, Wieder T, Daniel PT: Induction of apoptosis by enediyne
antibiotic calicheamicin thetall proceeds through a caspase-
mediated mitochondrial amplification loop in an entirely
Bax-dependent manner. Oncogene 2003, 22:9107-9120.

Chow KU, Boehrer S, Geduldig K, Krapohl A, Hoelzer D, Mitrou PS,
Weidmann E: In vitro induction of apoptosis of neoplastic cells
in low-grade non-Hodgkin's lymphomas using combinations
of established cytotoxic drugs with bendamustine. Haemato-
logica 2001, 86:485-493.

Tidefelt U, Sundman-Engberg B, Rhedin AS, Paul C: In vitro drug
testing in patients with acute leukemia with incubations
mimicking in vivo intracellular drug concentrations. Eur |
Haematol 1989, 43:374-384.

Weisenthal LM, Dill PL, Kurnick NB, Lippman ME: Comparison of
dye exclusion assays with a clonogenic assay in the determi-
nation of drug-induced cytotoxicity. Cancer Res 1983,
43:258-264.

Bird MC, Bosanquet AG, Forskitt S, Gilby ED: Semi-micro adapta-
tion of a 4-day differential staining cytotoxicity (DiSC) assay

Page 7 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11167792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11167792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11167792
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9746770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9746770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9746770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10419902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10419902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10419902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11886388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11886388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11886388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10361108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10361108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10361108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11350484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11350484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11350484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8703824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8703824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8703824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10500820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10500820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10500820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=560061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=560061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6580036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6580036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6580036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8628013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8628013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8628013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6184155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6184155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6184155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2257305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2257305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2257305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2765367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2765367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3802100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3802100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3802100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7680736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7680736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7680736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1730510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1730510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1730510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9425165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9425165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9425165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9058703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9058703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10371301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10371301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10371301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12040447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12040447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12040447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12384536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12384536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12384536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11840289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11840289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11840289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11190270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11190270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11190270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12029443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12029443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12032672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12032672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12032672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11807010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11807010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11807010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15064710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15064710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15064710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14647446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14647446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14647446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11410411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11410411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11410411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2482193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2482193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2482193
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6571706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6571706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6571706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2421109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2421109

BMC Cancer 2005, 5:60

for determining the in-vitro chemosensitivity of haemato-
logical malignancies. Leuk Res 1986, 10:445-449.

34. Staib P, Staltmeier E, Neurohr K, Cornely O, Reiser M, Schinkothe T:
Prediction of individual response to chemotherapy in
patients with acute myeloid leukaemia using the chemosen-
sitivity index Ci. Br /| Haematol 2005, 128:783-791.

35. Bosanquet AG, Bosanquet MIl: Ex vivo assessment of drug
response by differential staining cytotoxicity (DiSC) assay
suggests a biological basis for equality of chemotherapy irre-
spective of age for patients with chronic lymphocytic
leukaemia. Leukemia 2000, 14:712-715.

36. Pieters R, Huismans DR, Leyva A, Veerman AJ: Comparison of the
rapid automated MTT-assay with a dye exclusion assay for
chemosensitivity testing in childhood leukaemia. Br | Cancer
1989, 59:217-220.

37. Bosanquet AG, Bell PB: Novel ex vivo analysis of nonclassical,
pleiotropic drug resistance and collateral sensitivity induced
by therapy provides a rationale for treatment strategies in
chronic lymphocytic leukemia. Blood 1996, 87:1962-1971.

38. Bosanquet AG: Correlations between therapeutic response of
leukaemias and in-vitro drug-sensitivity assay. Lancet 1991,
337:711-714.

39. Woagener C, Bargou RC, Daniel PT, Bommert K, Mapara MY, Royer
HD, Dérken B: Induction of the death-promoting gene bax-
alpha sensitizes cultured breast-cancer cells to drug-induced
apoptosis. Int | Cancer 1996, 67:138-141.

40. Kaufmann SH, Earnshaw WC: Induction of apoptosis by cancer
chemotherapy. Exp Cell Res 2000, 256:42-49.

41. Evan GIl, Vousden KH: Proliferation, cell cycle and apoptosis in
cancer. Nature 2001, 41 1:342-348.

42. von Haefen C, Wieder T, Essmann F, Schulze-Osthoff K, Dérken B,
Daniel PT: Paclitaxel-induced apoptosis in BJAB cells pro-
ceeds via a death receptor-independent, caspases-3/-8-
driven mitochondrial amplification loop. Oncogene 2003,
22:2236-2247.

43. Wieder T, Essmann F, Prokop A, Schmelz K, Schulze-Osthoff K, Bey-
aert R, Dorken B, Daniel PT: Activation of caspase-8 in drug-
induced apoptosis of B-lymphoid cells is independent of
CD95/Fas receptor-ligand interaction and occurs down-
stream of caspase-3. Blood 2001, 97:1378-1387.

44. Friedrich K, Wieder T, Von Haefen C, Radetzki S, Janicke R, Schulze-
Osthoff K, Dérken B, Daniel PT: Overexpression of caspase-3
restores sensitivity for drug-induced apoptosis in breast can-
cer cell lines with acquired drug resistance. Oncogene 2001,
20:2749-2760.

45. Kaspers GJ, Veerman AJ, Pieters R, Van Zantwijk CH, Smets LA, Van
Wering ER, Van Der Does-Van Den Berg A: In vitro cellular drug
resistance and prognosis in newly diagnosed childhood acute
lymphoblastic leukemia. Blood 1997, 90:2723-2729.

46. Sturm |, Bosanquet AG, Hermann S, Guner D, Dérken B, Daniel PT:
Mutation of p53 and consecutive selective drug resistance in
B-CLL occurs as a consequence of prior DNA-damaging
chemotherapy. Cell Death Differ 2003, 10:477-484.

47. Bosanquet AG, Sturm |, Wieder T, Essmann F, Bosanquet MI, Head
DJ, Dérken B, Daniel PT: Bax expression correlates with cellu-
lar drug sensitivity to doxorubicin, cyclophosphamide and
chlorambucil but not fludarabine, cladribine or corticoster-
oids in B cell chronic lymphocytic leukemia. Leukemia 2002,
16:1035-1044.

Pre-publication history
The pre-publication history for this paper can be accessed

here:

http://www.biomedcentral.com/1471-2407/5/60/prepub

http://www.biomedcentral.com/1471-2407/5/60

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 8 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2421109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2421109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15755281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15755281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15755281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10764159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10764159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10764159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2930687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2930687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2930687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8634445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8634445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8634445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1672185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1672185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8690514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8690514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8690514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10739650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10739650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11357141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11357141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12700660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12700660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12700660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11222383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11222383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11222383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11420687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11420687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11420687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9326239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9326239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9326239
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12719725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12719725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12719725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12040435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12040435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12040435
http://www.biomedcentral.com/1471-2407/5/60/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patient samples
	Cell lines
	Drugs
	Differential Staining Cytotoxicity (DiSC)-Assay
	Caspase-3 activity assay
	Data analysis

	Results
	Patient characteristics
	Evaluation of caspase-3 assay (Casp3-test)
	Stability of Km
	Ex-vivo chemosensitivity by the DiSC-assay
	Table 2

	Ex-vivo chemosensitivity by the Casp3-test
	Comparison between DiSC-assay and Casp3-test

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

