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Abstract: Despite significant progress made in the overall cure rate, the prognosis for relapsed
and refractory malignancies in children remains extremely poor. Hence, there is an urgent need
for studies that enable the timely selection of appropriate agents for Phase I clinical studies.
The Pediatric Oncology Experimental Therapeutics Investigators’ Consortium (POETIC) is
systematically evaluating libraries of known and novel compounds for activity against subsets
of high-risk pediatric malignancies with defined molecular aberrations for future clinical
development. In this report, we describe the in-vitro activity of a diverse panel of approved
oncology drugs against MLL-rearranged pediatric leukemia cell lines. Agents in the Approved
Oncology Drug Set II (National Cancer Institute/National Institutes of Health Developmental
Therapeutics Program) were evaluated by in-vitro cytotoxicity assays in pediatric acute lymphoblastic leukemia and acute myeloid leukemia cell lines with MLL gene rearrangements.
Validation studies were carried out with patient leukemia cells in culture. Comparative analysis
for toxicity against nonmalignant cells was evaluated in normal bone marrow stromal cells and
normal human lymphocytes. Results from this study show that 42 of the 89 agents tested have
measurable cytotoxicity against leukemia cells, and among these, 12 were effective against all
five MLL-rearranged cell lines (IC50 [half maximal inhibitory concentration] , 1 µM). These
12 agents include cladribine, dactinomycin, daunorubicin, docetaxel, etoposide, gemcitabine,
mitomycin C, mitoxantrone, teniposide, topotecan, triethylenemelamine, and vinblastine. We
show that the Approved Oncology Drug Set II contains a number of agents with potent antileukemic activity in the tested cell lines. As approved drugs, these agents have been used in clinical
settings for many years for other malignancies, thus their toxicity profile, pharmacokinetics,
and other properties are readily available. Further evaluation of their use in future clinical trials
for pediatric leukemia with MLL abnormalities should be considered.
Keywords: drug screening, therapeutic repertoire

Introduction
Survival rates for acute lymphoblastic leukemia (ALL) have increased dramatically
over the last 20 years. Up to 80% of children diagnosed with ALL can be cured with the
current treatment regimens.1 The improvement in cure rate is due to systematic clinical
trials with risk stratification of patients during treatment, the institution of intrathecal
therapy, the intensification of treatment with existing drugs, and the identification of
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better and combinations of chemotherapeutics.2 However,
the remaining 20% of pediatric patients with leukemia have
very poor outcomes with current treatment strategies; these
patients often have relapsed or refractory leukemias with
distinct molecular abnormalities that categorize them as highrisk.3 The identification of effective therapeutic strategies
for these high-risk subgroups remains an important goal for
improving survival rates in children with leukemia.
Rearrangement of chromosome band 11q23 at the MLL
gene (mixed-lineage-leukemia) is common and associated
with a particularly poor prognosis for all pediatric age
groups presenting with ALL.4 The most aggressive forms
of MLL-rearranged ALL involve balanced translocations
at t(4;11), t(11;19), or t(9;11).4,5 MLL gene rearrangements
occur in 80% of children with ALL diagnosed before 1 year
of age.2,6,7 The t(4;11) or t(11;19) translocations are the most
common 11q23 abnormality in infants.5 These patients
are most often categorized as high- or very high-risk and
often experience early treatment failure.5–8 The presence of
any MLL-rearrangement is associated with a significantly
poorer prognosis for infants compared with patients whose
leukemias possess germ line MLL.5–7 This also holds true for
children who are 1–9 years of age; the presence of t(4;11)
or t(9;11) translocations is associated with a poor prognosis
compared with other 11q23 abnormalities, such as deletion of
11q23 or different translocations,5 or compared with patients
with germ line MLL.4,6 MLL gene rearrangements also occur
in up to 20% of acute myeloid leukemia (AML) cases and,
in general, portend a poor outcome.9,10
Currently, intense strategies such as stem-cell transplantation are needed to treat MLL-rearranged acute leukemias,
and the outcome still remains poor. Hence, novel therapeutic
approaches are urgently needed to improve the outcome in
these patients.11 Cell lines derived from leukemia specimens
have been instrumental in advancing current knowledge and
treatment options in a number of hematological malignancies.
Drexler and colleagues have described the utility of cell
lines as experimental models for the study of MLL gene
alterations.12 It has been hypothesized that such cell lines
will help to understand the role of the MLL genetic aberration

on the pathogenic process of the disease and will enable the
effective identification of agents on a proximate model of the
human disease.12 The Pediatric Oncology Experimental Therapeutics Investigators’ Consortium (POETIC) has established
a program to screen cell lines that represent functionally crucial molecular alterations with relevance to currently difficult
to cure pediatric malignancies for the purpose of designing
future clinical trials. These studies are aimed to provide initial preclinical data to identify drugs with potential that can
be further evaluated in mechanistic, drug combination and
xenograft studies to facilitate timely development of Phase I
studies. In this manuscript, we describe the evaluation of
current and novel chemotherapeutic agents using drug panels
provided by the National Cancer Institute/National Institutes
of Health (NCI/NIH) Developmental Therapeutics Program
(DTP). In comparison to currently used chemotherapeutic
agents, this screen resulted in the identification of many
active agents not typically used in the treatment of pediatric
leukemia, providing important data for further studies.

Methods
Tissue culture and cell lines
All cell lines were maintained in OptiMEM I Reduced
Serum Media (31985-070, Invitrogen, Carlsbad, CA),
supplemented with 10% fetal calf serum and 100 units/mL
each of penicillin and streptomycin. Cells were incubated
at 37°C with 5% CO2 buffering. Characteristics of the cell
lines are shown in Table 1.

Reagents
The Approved Oncology Drug Set II was obtained from the
NCI/NIH DTP Open Chemical Repository.13 All agents were
solubilized in dimethylsulfoxide (DMSO) (D5879, Sigma
Aldrich, Oakville, ON, Canada) at 10 mM stock concentration and stored at -20°C.

Drug screen
The Approved Oncology Drug Set II was screened using
KOPN8, SEM, B1, MOLT-3, and TIB-202 cell lines at 10.00,
1.00, 0.10, and 0.01 µM concentrations in duplicate wells of

Table 1 Characteristics of human leukemia cell lines
Cell line

Diagnosis

MLL rearrangement

Age/gender of patient

Reference

SEM
B1
KOPN8
MOLT-3
TIB-202

Relapsed preB-ALL
Relapsed preB-ALL
preB-ALL
T-ALL
AML

t(4;11)(q21;q23)
t(4;11)(q21;q23)
t(11;19)(q23;p13)
t(4;11)(q21;q23)
t(9;11)(p22;q23)

5 years/F
14 years/M
3 months/F
19 years/M
1 year/M

Greil et al43
Cohen et al44
Matsuo and Drexler45
Minowada et al46
Tsuchiya et al,47 Adati et al48

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; F, female; M, male; preB, precursor B.
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96-well plates (655180, Greiner Bio-One, Monroe, NC).
Control wells contained an equivalent amount of DMSO.
Cells were plated at 5 × 103 cells/well in the presence of
drug treatment and incubated at 37°C with 5% CO2 buffering. After 96 hours, cell numbers were measured by direct
cell counting with brightfield analysis using the Celigo™
cytometer14 (Cyntellect Inc, San Diego, CA). Validity of
the single round of screening was confirmed by random
selection of 11 drugs from the Approved Oncology Drug
Set II. These were re-screened as above. The repeated
samples closely confirmed the half maximal inhibitory
concentration (IC50) values calculated from the first round
of screening.

Cell survival assays
A subset of drugs from the Approved Oncology Drug Set II
was selected for follow-up analysis. Criteria for selection of
these drugs included an IC50 , 1 µM in four cell lines and
limited use in current pediatric leukemia treatment protocols.
Methotrexate (MTX) and cytarabine (AraC) were also included
for comparison. Cells were treated with the drugs as described
above, except that triplicate wells were used with 1:10 serial
dilutions ranging from 10 µM down to 1 × 10–10 µM. After
96 hours, viable cell numbers were measured by direct cell
counting using the Celigo cytometer. Additionally, cell numbers were measured at 24, 48, 72, and 96-hour time points using
the Celigo cytometer. The survival percentage was calculated
by comparing the number of viable cells in treated wells to
control (DMSO)-treated wells.

Normal human samples
Bone marrow stromal (BMS) cells were isolated as previously described15 and used to evaluate the drug effects on
nonleukemic cells. Normal human lymphocytes (NHL) were
isolated by Ficoll gradient from whole blood of a healthy
volunteer. Cells were treated with the selected Approved
Oncology Drug Set II as described above, except that duplicate wells were used with 1:10 serial dilutions ranging from
10 µM down to 1 × 10–6 µM. The characteristics of the NHL
and BMS (small size and very flat, respectively) prevented
the software for the Celigo cytometer from directly counting these samples. Instead, 5 µL of alamarBlue® (DAL1100,
Invitrogen) was added to each well after 96 hours. The cells
were incubated an additional 24 hours and then measured
at 570 nm and 620 nm using an Opsys MR™ plate reader
(Dynex Technologies, Chantilly, VA). Viability data from
the alamarBlue assay closely agrees with direct counting by
Celigo (Supplemental Figure 1).
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Patient samples
Leukemia cells were obtained from samples collected for new
therapies for pediatric leukemia research (DC study) following
local Institutional Review Board approval and parental consent. Leukemia cells were collected from a 3-month-old male
diagnosed with precursor B-ALL (patient 17577; t(11;19)
(q23;p13)), an 8-month-old male with precursor B-ALL
(patient 87781; t(11;19)(q23;p13)), and a 5-year-old male with
T-ALL (patient 41304). Details of the treatment and leukemia cell isolation procedures for patient 17577 are described
elsewhere.16 Isolation procedures for patients 87781 and 41304
were the same as for patient 17577. Patient cells were treated
with the selected drugs from the Approved Oncology Drug Set
II as described for the BMS cells, except that after 96 hours,
cells were counted using the Celigo cytometer.

Calculations and software
All IC50 values were calculated using Microsoft Excel®
for Mac 2008 (version 12.2.6) (Microsoft Corporation,
Redmond, WA). Heat maps were generated using Mayday
computer software (version 1.0).17

Rationale for model leukemia cell lines
Five different cell lines, all harboring MLL-gene rearrangements (Table 1) were tested. The validity of using these cell
lines to represent patient samples is confirmed by previous
literature where gene expression profiles of ALL cell lines
were compared with ALL patient samples.18 ALL cell lines
and patient samples with MLL gene rearrangements clustered
closely together, demonstrating that cell lines display gene
expression profiles comparable to patient samples.18 The
distinguishing feature of cell lines compared with patient
samples was higher levels of proliferation-related genes in
the cell lines.18 In addition, other gene expression studies
have shown that patient samples with MLL gene rearrangements cluster together, further suggesting the similarities
of leukemias of this subset.19–22 This similar separation of
MLL-rearranged subsets was also seen in AML.23 Based
upon these previous reports, we performed in-vitro drug
screening on the ALL and AML cell lines using the Approved
Oncology Drug Set II.

Results
In-vitro activity of microtubuleinterfering drugs
All five leukemia cell lines were initially screened with
the entire Approved Oncology Drug Set II, which includes
most current United States Food and Drug Administration
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( FDA)-approved anticancer drugs. For clarity, we have
categorized these drugs into the following groups:
microtubule-interfering drugs, nucleic acid-targeting drugs,
enzyme-inhibitory drugs, receptor- or immuno-modulatory
drugs, and miscellaneous drugs.
Drugs that both stabilized and destabilized microtubules
had high activity against most of the leukemia cell lines
(Figure 1). Studies have shown that the preclinical activity
of a drug is correlated to higher Phase II overall response
rates of that drug.23 This means that the greater the potency
of a drug (ie, cytotoxicity at low concentrations), the stronger
the predictive value for success in Phase II trials.24 High
activity is defined as having an IC50 less than 1 µM, which
indicates the clinical potential for the drug to effectively
inhibit leukemia cell growth at low doses and with few side
effects in patients. In TIB-202, KOPN8, SEM, and B1 cells,
the IC50 values for all four microtubule-interfering drugs
(docetaxel, paclitaxel, vinblastine, and vincristine) were less
than 0.1 µM (Figure 1A and Supplemental Table 1). In the
T-ALL cell line MOLT-3, there was greater variation in the
activity of these microtubule-interfering drugs: paclitaxel and
vincristine had no effect (IC50 = 10 µM), whereas docetaxel
(IC50 , 0.01 µM) and vinblastine (IC50 = 0.851 µM) were
more cytotoxic (Supplemental Table 1). The activity of each
drug was compared with MTX or AraC, which are commonly
used as therapeutics for pediatric leukemia, by calculating
the ratio of the IC50 of MTX or AraC to the IC50 of each
drug, within one cell line. The ratios were plotted as a heat
map, wherein green indicates higher activity compared with

The leukemia cell lines were treated with nucleic acid
targeting drugs that were further categorized as deoxyribonucleic acid (DNA) damaging agents, DNA intercalating
agents or nucleic acid synthesis inhibitors (Figure 2 and
Supplemental Table 1). None of the DNA damaging agents
was particularly active in more than one cell line, as seen
by the dominant red coloring of the heat maps (Figure 2B).
Mitomycin C, bleomycin, and triethylenemelamine showed
moderate activity in some cell lines. Mitomycin C had an
IC50 value less than 0.5 µM in all cell lines (Figure 2A and
Supplemental Table 1). In contrast, all of the DNA intercalating agents (mitoxantrone, daunorubicin, doxorubicin, and
dactinomycin) had high activity for inhibiting the growth of
leukemia cell lines and were, in general, more active than
MTX and AraC (Figure 2D); the IC50 for the majority of
these agents was ,0.01 µM (Figure 2C and Supplemental
Table 1). Drugs that inhibit nucleic acid synthesis had a wide
range of activity against the leukemia cell lines tested. Most
of these drugs had little activity, with IC50 values above the
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illustrates the variable sensitivity of MOLT-3 to different
microtubule-interfering drugs, and highlights the overall
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Figure 1 IC50 and relative effectiveness of microtubule-interfering drugs. (A) The IC50 (µmol/L) from five leukemia cell lines are shown in a box-whisker plot. For each drug
treatment, the vertical lines in each box represent the 25th, 50th, and 75th percentiles, and the horizontal lines represent the minimum and maximum values. IC50 values
above or below the tested concentration ranges were rounded to the highest or lowest concentration tested, respectively. (B) Heat map of drug effectiveness compared
with MTX or AraC. Values are a ratio of the IC50 of MTX or AraC to the IC50 of each drug. Green, black, and red represent superior, equivalent, and inferior activity,
respectively, to MTX or AraC.
Abbreviations: AraC, cytarabine; IC50, half maximal inhibitory concentration; MTX, methotrexate.
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Figure 2 IC50 and relative effectiveness of nucleic-acid targeting drugs. (A and B) DNA damaging agents. (C and D) DNA intercalating agents. (E and F) Nucleic acid synthesis
inhibitors. (A, C and E) The IC50 (µmol/L) from five leukemia cell lines are shown in a box-whisker plot. (B, D and F) Heat map of drug effectiveness compared with MTX
or AraC. Values are a ratio of the IC50 of MTX or AraC to the IC50 of each drug. Green, black, and red represent superior, equivalent, and inferior activity, respectively, to
MTX or AraC.
Abbreviations: AraC, cytarabine; DNA, deoxyribonucleic acid; IC50, half maximal inhibitory concentration; MTX, methotrexate.

tested concentration range (IC50 . 10 µM) (Figure 2E). The
exceptions were clofarabine (IC50 , 0.1 µM for four of five
cell lines), fludarabine (IC50 , 1 µM for four of five cell
lines), pemetrexed (IC50 , 1 µM for four of five cell lines),
and gemcitabine (IC50 , 0.05 µM). Additionally, clofarabine
and gemcitabine were more active than MTX and AraC in
the respective cell lines (Figure 2F).
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In-vitro activity of enzyme-inhibitory
drugs
A variety of enzyme-inhibitory drugs from the Approved
Oncology Drug Set II were used to treat the leukemia cell
lines. These drugs were further categorized based on their
enzymatic targets: aromatase, DNA methyltransferase, histone deacetylase, mammalian target of rapamycin (mTOR),
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MTX and AraC (Figure 3B). The DNA methyltransferase
inhibitor azacitidine and the histone deacetylase inhibitor vorinostat had weak activity in most of the cell lines (Figure 3C).

Anastrozole
Exemestane

Exemestane

Letrozole
Letrozole

1

10

20

2

-3

TI

B-

LT
O

M

PN

8

2

B1

M

SE

O

LT

8
PN
KO

B1

M

100.0

vs AraC

vs MTX

SE

Azacitidine

1.00

M

D

100.0 0.01

20

C

1.00

KO

0.01

B-

IC50 (µmol/L)

-3

0.1

0.01

TI

0.001

Azacitidine

Vorinostat

Vorinostat

Everolimus

Everolimus
Rapamycin
Rapamycin
Bortezomib

Bortezomib

Etoposide

Etoposide

Irinotecan

Irinotecan

Teniposide

Teniposide
Topotecan

Topotecan
10

1.00

20
2

TI

B-

3
LT
-

8
B1

M
SE

KO
PN

B1

M

100.0

vs AraC

vs MTX

SE

Dasatinib

100.0 0.01

M
O

F

8

E

1.00

KO
PN

0.01

20
2

IC50 (µmol/L)

B-

1

TI

0.1

3

1

0.0

LT
-

01

0.0

M
O

001

0.0

Dasatinib
Imatinib

Imatinib

Lapatinib

Lapatinib

Nilotinib

Nilotinib

Sorafenib

Sorafenib
Sunitinib

Sunitinib

01
01 01
01 0.01
000 0.000 0.00 0.0

0.0

0.1

IC50 (µmol/L)

1

10

0.01

1.00

100.0 0.01

1.00

100.0

Figure 3 IC50 and relative effectiveness of enzyme inhibitory drugs. (A and B) Aromatase inhibitors. (C and D) DNA methyltransferase, histone deacetylase, mTOR,
proteasome, and topoisomase inhibitors. (E and F) Tyrosine kinase inhibitors. (A, C and E) The IC50 (µmol/L) from five leukemia cell lines are shown in a box-whisker plot.
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represent superior, equivalent, and inferior activity, respectively, to MTX or AraC.
Abbreviations: AraC, cytarabine; DNA, deoxyribonucleic acid; IC50, half maximal inhibitory concentration; mTOR, mammalian target of rapamycin; MTX, methotrexate.
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Drugs that modulate receptors (epidermal growth factor
receptor, estrogen receptor) or the immune response were
tested in all five leukemia cell lines (Figure 4A and B).
These drugs had little effect on leukemia cell lines, with
IC50 values ∼10 µM (Figure 4A and Supplemental Table 1).
All of these drugs had less activity compared with MTX and
AraC, with the exception of MOLT-3 cells, in which these
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drugs performed equivalently, and erlotinib, which was more
active in MOLT-3 cells only (Figure 4B).

In-vitro activity of miscellaneous drugs
A number of drugs from the Approved Oncology Drug Set
II that are photo-activated, protective adjuvants or have
miscellaneous function were tested in the leukemia cell lines
(Figure 4C and D). None of the photo-activated agents or
the protective adjuvant drugs had any effect on leukemia cell
survival rates (IC50 = 10 µM) (Figure 4C and Supplemental
Table 1). Only two drugs in the miscellaneous category,
arsenic trioxide and acrichine, had any activity for inhibiting leukemia cell growth. These drugs were cytotoxic only
in KOPN8 cells, with IC50 values equal to 0.169 µM and
0.722 µM, respectively (Figure 4C). However, none of these
drugs showed higher cytotoxicity compared with MTX or
AraC in more than one cell line (Figure 4D).

In-vitro activity of selected candidate
drugs in leukemia cell lines
To investigate the possibility that drugs from the Approved
Oncology Drug Set II could be translated into therapies
for MLL-rearranged leukemias, we focused on a subset of
drugs from the Approved Oncology Drug Set II for in-depth
study. These drugs were included in the initial screen of the
Approved Oncology Drug Set II, and were selected due to
early indications of potency and diversity of mechanism

of action. Additionally, we included in the analyses two
drugs commonly used in pediatric oncology (MTX and
AraC) for comparison with the selected drugs. The selected
drugs were cladribine (nucleic acid synthesis inhibitor),
decitabine (DNA methyltransferase inhibitor), ixabepilone
(microtubule stabilizer), plicamycin (DNA intercalating
agent), valrubicin (DNA intercalating agent and PKC inhibitor), and vinorelbine (microtubule destabilizer). The mean
IC50 (± standard error) for each drug in SEM, B1, KOPN8,
MOLT-3, and TIB-202 cell lines were calculated from two
to four experiments with two or three replicate wells per
experiment (Table 2).
All of the selected candidate drugs showed significant
cytotoxic activity against the leukemia cells lines, although
several were less active in MOLT-3 cells than the other
four cell lines (Table 2). As was seen for microtubuleinterfering drugs (Figure 1), both vinorelbine (Figure 5A)
and ixabepilone (Figure 5C) were effective at inhibiting
the growth of the leukemia cell lines at low doses. The
IC50 values were less than 0.425 µM for all the cell lines
except MOLT-3, which was resistant to both of these drugs
(IC50 . 10 µM) (Table 2). The nucleic acid-related drugs
cladribine (Figure 6A), plicamycin (Figure 6C), valrubicin
(Figure 6E), and AraC (Figure 6G) all showed cytotoxicity
against leukemia cells. All cell lines tested were sensitive to
cladribine, including MOLT-3; however, TIB-202 cells were
not sensitive to AraC, and MOLT-3 cells were not sensitive to

Table 2 Mean IC50 values after incubation with selected drugs from the Approved Oncology Drug Set II
Drug name

IC50 (μmol/L)

(NSC
numbera)

Meanb ± SE
Cell line
SEM

Cladribine
(105014)
Cytarabine
(63878)
Decitabine
(127716)
Ixabepilone
(747973)
Methotrexate
(740)
Plicamycin
(24559)
Valrubicin
(246131)
Vinorelbine
(608210)

B1

KOPN8

MOLT-3

TIB-202

–3

8.85 × 10 ± 3.31 × 10

3.45 × 10 ± 3.53 × 10

5.44 × 10 ± 1.21 × 10

7.95 × 10 ± 1.78 × 10

2.63 × 10–1 ± 2.47 × 10–1

2.92 × 10–1 ± 3.07 × 10–1

1.57 × 100 ± 1.98 × 100

5.78 × 10–1 ± 4.93 × 10–1

2.96 × 10–1 ± 2.59 × 10–1

3.49 × 100 ± 4.08 × 100

.1.00 × 101

2.33 × 10–1 ± 3.08 × 10–1

8.42 × 10–3 ± 9.51 × 10–4

3.19 × 10–1 ± 2.38 × 10–1

5.13 × 10–1 ± 3.05 × 10–1

6.12 × 10–3 ± 1.09 × 10–3

4.41 × 10–2 ± 3.05 × 10–2

6.19 × 10–3 ± 4.05 × 10–3

.1.00 × 101

6.64 × 10–2 ± 3.37 × 10–2

6.17 × 10–2 ± 2.90 × 10–2

6.11 × 10–2 ± 3.55 × 10–2

2.54 × 10–2 ± 1.80 × 10–2

.1.00 × 101

1.41 × 10–1 ± 4.18 × 10–2

2.24 × 10–2 ± 2.19 × 10–2

5.52 × 10–2 ± 2.48 × 10–2

1.45 × 10–2 ± 1.40 × 10–2

7.79 × 100 ± 3.13 × 100

4.47 × 10–2 ± 4.00 × 10–2

4.13 × 10–2 ± 2.84 × 10–2

1.90 × 10–1 ± 1.63 × 10–1

6.95 × 10–2 ± 2.77 × 10–2

3.54 × 100 ± 4.09 × 100

2.95 × 10–1 ± 2.58 × 10–1

5.40 × 10–2 ± 2.62 × 10–2

2.70 × 10–1 ± 2.84 × 10–1

1.95 × 10–2 ± 8.20 × 10–3

.1.00 × 101

4.25 × 10–1 ± 1.89 × 10–1

–2

–1

–1

–2

–2

–1

–1

Notes: aCompound identification number in the National Cancer Institute/National Institutes of Health Developmental Therapeutics Program database; bThe mean IC50 was
calculated as the average of two–four replicates.
Abbreviations: IC50, half maximal inhibitory concentration; SE, standard error.
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Figure 5 Dose response and growth curves of selected microtubule-interfering drugs. Leukemia cell lines were incubated with vinorelbine (A and B) or ixabepilone
(C and D). (A and C) Cells were incubated with varying concentrations of drugs and assessed after 96 hours for survival compared with DMSO-treated cells. (B and D)
Cells were incubated with 1 µM of drug and assessed every 24 hours for cell survival compared with DMSO-treated cells.
Notes: Data points and error bars are means and standard errors, respectively, of triplicate wells. A and C are representative of three separate experiments.
Abbreviation: DMSO, dimethylsulfoxide.

plicamycin and valrubicin (Table 2). Decitabine (Figure 7C)
exhibited the greatest variation in activity across the cell
lines: KOPN8 cells were the most sensitive (0.00842 µM),
followed by B1 cells (0.233 µM), MOLT-3 cells (0.319 µM),
and TIB-202 cells (0.513 µM). However, SEM cells appeared
to be refractory to this drug (IC50 . 10 µM) (Table 2).
We compared the IC50 of each selected drug to MTX and
AraC (Figure 8). All of the drugs showed superior activity
compared with AraC in all cell lines except MOLT-3 cells.
Plicamycin and ixabepilone showed the greatest degree of
cytotoxicity compared with MTX in four out of five cell
lines (ie, IC50 values were lower than or equivalent to the IC50
of MTX). Vinorelbine was more active than MTX in three
of the cell lines, and decitabine and valrubicin were more
active than both MTX in two of the cell lines (Figure 8).
Cladribine was less active than MTX in all but one cell line
(MOLT-3). All of the selected drugs were less potent than
MTX in TIB-202 cells, which showed good sensitivity to
MTX alone (Figure 8 and Table 2).

OncoTargets and Therapy 2011:4

Leukemia cell growth rates in the
presence of selected candidate drugs
To further characterize the impact of the selected candidate drugs on leukemia cells, we monitored leukemia cell
growth over time in the presence of the drugs. As suggested
by the IC50 values of the microtubule-interfering drugs,
vinorelbine (Figure 5B) and ixabepilone (Figure 5D) dramatically inhibited cell growth compared with control-treated
cells. After 24 hours exposure to vinorelbine, KOPN8 and
TIB-202 cells had half the viable cell numbers (52.3% and
56.3%, respectively) compared with control (Figure 5B).
By 96 hours, these values dropped to 10.4% and 12.5% of
control, respectively. MOLT-3 cells had a slower decrease in
cell numbers, which reached as low as 20.9% by 90 hours.
Ixabepilone decreased cell numbers down to 10.8%–23.5% of
control numbers after 90 hours (Figure 5D). Similar trends in
cell growth were seen for cladribine (Figure 6B), plicamycin
(Figure 6D), valrubicin (Figure 6F), AraC (Figure 6H), MTX
(Figure 7B), and decitabine (Figure 7D).
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Figure 6 Dose response and growth curves of selected nucleic acid-related drugs. Leukemia cell lines were incubated with cladribine (A and B), plicamycin (C and D), valrubicin
(E and F), or AraC (G and H). (A, C, E and G) Cells were incubated with varying concentrations of drugs and assessed after 96 hours for survival compared with control DMSOtreated cells. (B, D, F and H) Cells were incubated with 1 µM of drug and assessed every 24 hours for cell survival compared with control DMSO-treated cells.
Notes: Data points and error bars are means and standard errors, respectively, of triplicate wells. A, C, E, and G are representative of three separate experiments.
Abbreviations: AraC, cytarabine; DMSO, dimethylsulfoxide.
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Figure 7 Dose response and growth curves of selected enzyme-inhibitory drugs. Leukemia cell lines were incubated with MTX (A and B) or decitabine (C and D). (A and
C) Cells were incubated with varying concentrations of drugs and assessed after 96 hours for survival compared with control DMSO-treated cells. (B and D) Cells were
incubated with 1 µM of drug and assessed every 24 hours for cell survival compared with control DMSO-treated cells.
Notes: Data points and error bars are means and standard errors, respectively, of triplicate wells. A and C are representative of three separate experiments.
Abbreviations: DMSO, dimethylsulfoxide; MTX, methotrexate.
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Figure 8 Relative effectiveness of selected drugs from the Approved Oncology
Drug Set II on leukemia cell lines. Heat map of drug effectiveness compared with
MTX or AraC. Values are a ratio of the IC50 of MTX or AraC to the IC50 of each
drug. Green, black, and red represent superior, equivalent, and inferior activity,
respectively, to MTX or AraC.
Abbreviations: AraC, cytarabine; IC50, half maximal inhibitory concentration;
MTX, methotrexate.
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In-vitro activity of selected candidate
drugs in patient cells
To determine off-target toxicity effects and the ability of the
selected drugs to kill patient leukemia cells, the candidate drugs
were also tested on normal bone marrow stromal (BMS) cells,
NHL and leukemia cells from infants with MLL-rearranged
ALL (Table 3). None of the tested drugs had any toxicity
effects on NHL or BMS cells and were equivalent in potency
as MTX and AraC (Figure 9). Patient 17577 was quite sensitive to a number of the drugs in the selected panel (Figure 10).
Cladribine, ixabepilone, plicamycin, valrubicin, and vinorelbine
all had IC50 values under 1 µM (Table 3 and Figure 10), and were
more potent than both MTX and AraC (Figure 9). Ixabepilone
was particularly potent against cells from patient 17577, as cell
survival dropped to only 32.9% of control-treated cells after
48 hours (Figure 10B). Plicamycin, cladribine, and valrubicin
demonstrated similar decreases in cell survival (39.2%, 47.2%,
and 46.8%, respectively) after 48 hours (Figure 10D). In contrast, patients 87781 and 41304 were less sensitive to all of the
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Table 3 IC50 values after incubation with selected drugs from the Approved Oncology Drug Set II
Drug name

IC50 (μmol/L)

Cladribine (105014)a
AraC (63878)
Decitabine (127716)
Ixabepilone (747973)
MTX (740)
Plicamycin (24559)
Valrubicin (246131)
Vinorelbine (608210)

BMSb

Normal lymphocyte

Patient 17577

Patient 87781

Patient 41304

.1.00 × 101
.1.00 × 101
.1.00 × 101
.1.00 × 101
.1.00 × 101
.1.00 × 101
.1.00 × 101
.1.00 × 101

.1.00 × 101
.1.00 × 101
.1.00 × 101
.1.00 × 101
.1.00 × 101
.1.00 × 101
.1.00 × 101
.1.00 × 101

2.81 × 10–1
.1.00 × 101
.1.00 × 101
4.64 × 10–6
.1.00 × 101
2.94 × 10–2
3.71 × 10-1
3.81 × 10–3

7.83 × 101
5.30 × 101
.1.00 × 101
.1.00 × 101
.1.00 × 101
7.44 × 101
4.85 × 101
.1.00 × 101

.1.00 × 101
9.26 × 101
4.56 × 101
.1.00 × 101
4.20 × 101
.1.00 × 101
.1.00 × 101
.1.00 × 101

Notes: aCompound identification number in the National Cancer Institute/National Institutes of Health Developmental Therapeutics Program database; bRepresentative of
two experiments.
Abbreviations: AraC, cytarabine; BMS, bone marrow stroma; IC50, half maximal inhibitory concentration; MTX, methotrexate.

drugs, although some of the drugs did show better performance
compared with MTX and AraC (Figure 9).

Discussion
These data suggest that a number of FDA-approved chemotherapeutic agents have considerable activity against
MLL-rearranged ALL and AML cell lines and some patient
samples. This paper forms part of key pre-clinical groundwork for analysis of these agents as therapy for MLLrearranged leukemia. We suggest that the data found herein
form a basis for considering new treatment options for
patients with MLL-rearranged leukemia following therapy
with standard regimens.
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Figure 9 Relative effectiveness of selected drugs from the Approved Oncology
Drug Set II on normal and patient samples. Heat map of drug effectiveness compared
with MTX or AraC. Values are a ratio of the IC50 of MTX or AraC to the IC50
of each drug. Green, black, and red represent superior, equivalent, and inferior
activity, respectively, to MTX or AraC. 17577, 87781, and 41304 represent the
patient samples.
Abbreviations: AraC, cytarabine; BMS, bone marrow stroma; IC50, half maximal
inhibitory concentration; MTX, methotrexate; NHL, normal human lymphocytes.
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We have identified a number of categories of drugs, as
well as specific drugs, that are cytotoxic to MLL-rearranged
cell lines. These include microtubule-interfering drugs, DNA
intercalating agents, topoisomerase poisons, mTOR inhibitors, and proteasome inhibitors. In addition to these categories of drugs, some specific agents, such as mitomycin C,
gemcitabine, clofarabine, and dasatinib, showed better efficacy than MTX and AraC. Overall, 42 out of the 89 agents
tested were potent in at least one leukemia cell line. A total
of 12 and 15 of these were potent in five or four cell lines,
respectively, with an IC50 less than 1 µM. The twelve agents
that were potent in all five cell lines include cladribine,
docetaxel, vinblastine, mitomycin C, triethylenemelamine,
mitoxantrone, daunorubicin, dactinomycin, gemcitabine,
topotecan, etoposide, and teniposide. Some of the drugs,
such as cladribine, ixabepilone, valrubicin, plicamycin, and
vinorelbine, also performed well in the MLL-rearranged
patient sample. Overall, this suggests there are a number
of agents within the Approved Oncology Drug Set II that
could be further evaluated for future clinical trials for MLLrearranged pediatric leukemia.
The most active drugs against the patient sample in this
study were cladribine, ixabepilone, valrubicin, plicamycin,
and vinorelbine. Cladribine has historically been used for
treatment of hairy cell leukemia.25 However, it has also been
used to treat several refractory hematological malignancies, including AML.26,27 Complete and partial remission
(CR and PR) rates were 27% and 32%, respectively, in
pediatric AML patients pretreated with cladribine prior to
induction therapy.27 Combination therapy of cladribine with
AraC in adult AML patients who had relapsed or failed to
respond to initial therapy enhanced the effective dose of
AraC in the blood by 40% in seven out of nine patients.28
However, cladribine should be used cautiously in patients

OncoTargets and Therapy 2011:4

Dovepress

Identification of active agents for MLL-rearranged leukemia

120
100
80
MTX

60

Decitabine
Vinorelbine

40

Ixabepilone

20

+0
1

160
140
120
100
MTX

80

Decitabine

60

Vinorelbine

40

Ixabepilone

20
0
0

1.
0E

1.
0E

+0
0

1
1.
0E

-0

2
-0
1.
0E

-0
1.
0E

-0
1.
0E

3

0

Survival (% compared to control)

B
140

4

Survival (% compared to control)

A

10

20

30

Concentration (µmol/L)

50

60

70

80

90

100

D
160
140
120
100
80

Cladribine

60

Plicamycin
Valrubicin

40

AraC

20

1.

0E

+0

1

0
+0
0E
1.

1
-0
0E
1.

2
-0
0E
1.

3
-0
0E
1.

1.

0E

-0

4

0

Concentration (µmol/L)

Survival (% compared to control)

C
Survival (% compared to control)

40

Time (hours)

160
140
120
100
Cladribine

80

Plicamycin

60

Valrubicin

40

AraC

20
0
0

10

20

30

40

50

60

70

80

90

100

Time (hours)

Figure 10 Dose response and growth curves of selected drugs with patient 17577 leukemia cells. Cells isolated from patient 17577 were incubated with the indicated drugs.
(A and C) Cells were incubated with varying concentrations of drugs and assessed after 96 hours for survival compared with control DMSO-treated cells. (B and D) Cells
were incubated with 1 µM of drug and assessed every 24 hours for cell survival compared with control DMSO-treated cells.
Note: Data points and error bars are means and standard errors, respectively, of triplicate wells.
Abbreviations: AraC, cytarabin; DMSO, dimethylsulfoxide; MTX, methotrexate.

with renal dysfunction, as demonstrated by a case study of
a pediatric AML patient treated with cladribine for 5 days.29
These previous studies, along with the data in this paper,
suggest some potential for cladribine during treatment
of MLL-rearranged pediatric leukemia, as has been used
anecdotally for a number of years, often when combined
with etoposide.
The microtubule-interfering drugs produced promising
results in this study. Vinorelbine, in combination with topotecan, thiotepa, dexamethasone, and gemcitabine, has been used
to treat patients with relapsed or refractory acute leukemia.30
In one study, 36% of pediatric patients achieved CR and 11%
achieved PR on this regimen.30 In another study, 37% of adult
patients with refractory ALL achieved CR with a similar
regimen.31 Ixabepilone is a new generation microtubule stabilizer that has mainly been used for metastatic breast cancer
therapy in patients with few treatment options.32 It has also
been used in a Phase II trial of patients with a variety of treatment-refractory sarcomas, malignant peripheral nerve sheath
tumors, neuroblastoma, and Wilms tumors.33 Considering the
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potency of the microtubule-interfering agents in this study
and others,34 and the prominent use of vincristine in current
leukemia treatment protocols, vinorelbine and ixabepilone
are reasonable candidates for further consideration in MLLrearranged leukemias.
Valrubicin is a derivative of doxorubicin, an anthracyline
antibiotic with DNA intercalation abilities. Valrubicin has
only been used for treatment of bladder cancer35 and topical application of developing skin tumors.36 Although, not
previously used in leukemia patients, the effectiveness of
valrubicin in cell lines and the patient sample suggest it for
further analysis as a new therapeutic for MLL-rearranged
leukemia.
Some of the agents tested in these experiments have been
used for leukemia or lymphoma treatment already, although
they are not part of typical frontline treatment regimens. For
example, decitabine has gained increasing attention in leukemia and myelodysplastic syndrome settings.37,38 In Phase
II studies of decitabine in combination with clofarabine and
low-dose AraC, 59% of elderly patients with AML achieved
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CR with manageable toxicity profiles.39 In adult patients
with refractory AML, CR was achieved in 34% of patients
who received decitabine therapy.40 POETIC is currently
conducting a Phase I study of decitabine in combination
with AraC, daunorubicin, and etoposide chemotherapy for
newly diagnosed patients with AML. Plicamycin has also
been used, in combination with interferon-α or hydroxyurea,
to treat patients with chronic myeloid leukemia (CML) and
myeloid blast crisis.41 This treatment regimen has had limited
success in CML or AML therapy. Three of thirteen patients
with CML had PR or CR, while two became stabilized on
treatment.41 The median survival of these patients increased
to 24 months from previously reported 6-month median
survival.41 A Phase II study of plicamycin and hydroxurea in
patients with high-risk, relapsed, or refractory AML resulted
in no patients with CR or PR, and considerable toxicity.42
These data suggest some caution against selecting plicamycin
for clinical trial evaluation in pediatric patients with MLLrearranged leukemia.
In this report, we have attempted to identify agents that
show effective in-vitro cytotoxicty against malignant cells
and cell lines derived from patients with refractory leukemia. However, the spectrum of effective agents includes
drugs that have acceptable toxicities, as well as those that
carry the potential to induce molecular abnormalities with
increased risk of secondary malignancies in the future. In
deciding future clinical application of any selected agent,
the benefit of inducing remission in a highly refractory
malignancy should be carefully considered against the risk
of such possibilities. Similarly, we have based their activity
profiles largely on IC50 values. Although lower IC50 values
are generally considered to suggest effectiveness against
neoplastic cells, it does not necessarily mean it would be
the most applicable clinically because of untested toxicity in
the patient. Utilization of the information presented in this
paper should take into consideration, particularly in heavily pretreated children, the potential adverse effects such
as neurotoxicity, hepatotoxicity, and nephrotoxicity. Taken
together, the results from this study highlight potential alternative therapeutic options for MLL-rearranged leukemias.
The data presented herein demonstrate the need for further
characterization of these drugs, either as single agents or in
effective combination with novel targeted agents, for possible
future clinical trials.
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Figure S1 Comparison of cell survival measurements by the Celigo™ cytometer and alamarBlue®. W1 leukemia cells were incubated with imatinib (A), gefitinib (B),
sorafenib (C), or sunitinib (D) for 96 hours then measured using the Celigo cytometer, followed by alamarBlue. Survival compared with control DMSO-treated cells is shown,
with data points and error bars representing the mean and standard error, respectively.
Abbreviation: DMSO, dimethylsulfoxide.
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Table S1 IC50 values after incubation with drugs from the Approved Oncology Drug Set II
Drug name
(NSC numbera)

IC50 (μmol/L)
Cell line
SEM

Microtubule stabilizers
Docetaxel
,1.00 × 10–2
(628503)
Paclitaxel
,1.00 × 10–2
(125973)
Microtubule destabilizers
Vinblastine
1.00 × 10–2
(49842)
Vincristine
,1.00 × 10–2
(67574)
DNA damaging agents
Altretamine
.1.00 × 101
(13875)
Bleomycin
,1.00 × 10–2
(125066)
Busulfan
.1.00 × 101
(750)
Carboplatin
.1.00 × 101
(241240)
Carmustine
.1.00 × 101
(409962)
Chlorambucil
7.29 × 100
(3088)
Cisplatin
.1.00 × 101
(119875)
Cyclophosphamide
.1.00 × 101
(26271)
Dacarbazine
.1.00 × 101
(45388)
Estramustine
.1.00 × 101
(702294)
Ifosfamide
.1.00 × 101
(109724)
Lomustine
9.35 × 100
(79037)
Melphalan
5.80 × 100
(8806)
Mitomycin C
5.04 × 10–2
(26980)
Nitrogen mustard
8.83 × 10–1
(762)
Oxaliplatin
5.67 × 100
(266046)
Pipobroman
4.32 × 100
(25154)
Procarbazine
.1.00 × 101
(77213)
Streptozocin
.1.00 × 101
(85998)
Temozolomide
9.12 × 100
(362856)
Thiotepa
3.78 × 100
(6396)

B1

KOPN8

MOLT-3

TIB-202

2.78 × 10–4

,1.00 × 10–2

,1.00 × 10–2

5.88 × 10–2

8.04 × 10–2 ± 3.49 × 10–2

,1.00 × 10–2

1.00 × 101

1.06 × 10–1

9.93 × 10–4

,1.00 × 10–2

8.51 × 10–1

8.79 × 10–3

4.42 × 10–2

,1.00 × 10–2

1.00 × 101

4.02 × 10–2

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

2.92 × 100 ± 2.23 × 100

1.08 × 10–1

8.42 × 100

1.07 × 100 ± 1.84 × 10–1

.1.00 × 101

.5.00 × 100

6.36 × 100

.5.00 × 100

7.73 × 100

5.14 × 100

6.97 × 100

7.64 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

6.41 × 100

3.38 × 100

5.56 × 100

4.47 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

8.32 × 100

.5.00 × 100

.1.00 × 101

.5.00 × 100

4.08 × 100

4.25 × 10–1

1.03 × 100

2.20 × 100

3.71 × 10–1 ± 5.56 × 10–2

2.21 × 10–2

8.55 × 10–2 ± 6.02 × 10–2

9.58 × 10–1

5.94 × 10–2 ±
4.38 × 10–2
1.99 × 100

.1.00 × 101

3.42 × 100

3.68 × 100

3.09 × 10–1

9.69 × 10–1

6.20 × 100

2.63 × 100

3.89 × 10–1

6.35 × 100

4.34 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

6.38 × 100

1.96 × 100

3.01 × 100

5.00 × 100

b

(Continued)
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Table S1 (Continued)
Drug name
(NSC numbera)

IC50 (μmol/L)
Cell line
SEM

B1

Triethylenemelamine
4.81 × 10
(9706)
Uracil mustard
4.85 × 100
(34462)
DNA intercalating agents
Dactinomycin
,1.00 × 10–2
(3053)
Daunorubicin
,1.00 × 10–2
(82151)
Doxorubicin
,1.00 × 10–2
(123127)
Mitoxantrone
,1.00 × 10–2
(279836)
Nucleic acid synthesis inhibitors
Capecitabine
.1.00 × 101
(712807)
Clofarabine
2.58 × 10–2
(606869)
Floxuridine
.1.00 × 101
(27640)
Fludarabine
8.87 × 10–2
(312887)
Fluorouracil
.1.00 × 101
(19893)
Gemcitabine
,1.00 × 10–2
(613327)
Hydroxyurea
.1.00 × 101
(32065)
Mercaptopurine
.1.00 × 101
(755)
Nelarabine
.1.00 × 101
(686673)
Pemetrexed
.1.00 × 101
(698037)
Pentostatin
.1.00 × 101
(218321)
Thioguanine
9.38 × 10–1
(752)
Aromatase inhibitors
Anastrozole
2.08 × 100
(719344)
Exemestane
2.08 × 100
(713563)
Letrozole
.1.00 × 101
(719345)
DNA methyltransferase inhibitors
Azacitidine
1.30 × 100
(102816)
Histone deacetylase inhibitors
Vorinostat
.1.00 × 101
(701852)
mTOR inhibitors
Everolimus
,1.00 × 10–2
(733504)
–1

KOPN8

MOLT-3

TIB-202

3.97 × 10

1.97 × 10

2.60 × 10

4.47 × 10–1

3.65 × 100

2.22 × 100

9.66 × 100

2.70 × 100

,1.00 × 10–2

,1.00 × 10–10

,1.00 × 10–2

,1.00 × 10–5

9.45 × 10–3 ± 1.92 × 10–3

,5.00 × 10–3

,1.00 × 10–2

1.08 × 10–2

1.20 × 10–1 ± 1.41 × 10–1

,1.00 × 10–2

7.84 × 100

5.85 × 10–2

,1.00 × 10–2

,1.00 × 10–2

3.42 × 10–1

,1.00 × 10–2

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

,1.00 × 10–2

8.70 × 10–3

.1.00 × 101

,1.00 × 10–2

8.48 × 100

.5.00 × 100

.1.00 × 101

.5.00 × 100

9.09 × 10–2

7.05 × 10–2

.1.00 × 101

7.31 × 10–2

.1.00 × 101

.5.00 × 100

7.11 × 100

.5.00 × 100

2.57 × 10–2 ± 1.03 × 10–2

,5.00 × 10–3

,1.00 × 10–2

5.65 × 10–2 ± 7.28 × 10–2

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.1.00 × 101

1.23 × 100

.1.00 × 101

6.71 × 10–1

1.58 × 10–1

5.67 × 10–1

1.79 × 10–1

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

8.77 × 100

4.50 × 100

7.05 × 100

5.20 × 100

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

8.89 × 100

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

5.07 × 100

8.36 × 10–1

6.21 × 100

5.20 × 100

3.82 × 100

4.16 × 10–1

5.67 × 10–1

4.30 × 100

8.34 × 10–1

,1.00 × 10–2

.1.00 × 101

,1.00 × 10–2

–1

–1

–1

(Continued)
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Table S1 (Continued)
Drug name
(NSC numbera)

IC50 (μmol/L)
Cell line
SEM

B1

Rapamycin
,1.00 × 10
(226080)
Proteasome inhibitors
Bortezomib
,1.00 × 10–2
(681239)
Tyrosine kinase inhibitors
Dasatinib
4.05 × 100
(732517)
Imatinib
7.68 × 100
(743414)
Lapatinib
4.73 × 100
(745750)
Nilotinib
.1.00 × 101
(747599)
Sorafenib
1.54 × 100
(747971)
Sunitinib
1.35 × 10–1
(750690)
Topoisomerase poisons
Etoposide
9.28 × 10–2
(141540)
Irinotecan
3.40 × 100
(616348)
Teniposide
9.28 × 10–3
(122819)
Topotecan
,1.00 × 10–2
(609699)
EGFR inhibitors
Erlotinib
1.00 × 100
(718781)
Gefitinib
4.89 × 100
(715055)
Estrogen receptor modulators
Fulvestrant
.1.00 × 101
(719276)
Raloxifene
4.44 × 100
(747974)
Tamoxifen
.1.00 × 101
(180973)
Immunomodulatory agents
Imiquimod
.1.00 × 101
(369100)
Lenalidomide
.1.00 × 101
(747972)
Thalidomide
.1.00 × 101
(66847)
Photo-activated agents
Aminolevulinic acid
.1.00 × 101
(18509)
Methoxsalen
.1.00 × 101
(45923)
Protective adjuvant drugs
Allopurinol
.1.00 × 101
(1390)
–2

KOPN8

MOLT-3

TIB-202

8.04 × 10

,1.00 × 10

,1.00 × 10

7.05 × 100 ± 4.17 × 100

3.97 × 10–3

,1.00 × 10–2

.1.00 × 101

5.71 × 10–3

,1.00 × 10–6

7.48 × 10–3

.1.00 × 101

,1.00 × 10–6

2.06 × 10–1 ± 1.34 × 10–2

.1.00 × 101

.1.00 × 101

2.70 × 10–1 ± 3.07 × 10–1

5.70 × 100

5.20 × 100

.1.00 × 101

7.42 × 100

,1.00 × 10–2

.1.00 × 101

.1.00 × 101

,1.00 × 10–2

5.66 × 100

3.86 × 100

9.63 × 100

5.95 × 100

5.36 × 100

3.30 × 100

.1.00 × 101

3.29 × 100

7.10 × 10–1 ± 5.81 × 10–1

1.97 × 10–2

1.07 × 10–1

4.56 × 10–1 ± 3.12 × 10–1

2.29 × 100

1.69 × 100

3.92 × 100

2.53 × 100

2.98 × 10–2 ± 3.09 × 10–2

1.80 × 10–4

1.17 × 10–2

4.91 × 10–2 ± 3.08 × 10–2

2.76 × 10–2 ± 3.85 × 10–2

,1.00 × 10–2

,1.00 × 10–2

4.53 × 10–2

2.98 × 100

5.82 × 100

5.70 × 100

6.68 × 100

5.16 × 100

5.08 × 100

.1.00 × 101

9.28 × 100

.1.00 × 101

7.64 × 100

.1.00 × 101

.1.00 × 101

.1.00 × 101

8.30 × 100

.1.00 × 101

.1.00 × 101

6.45 × 100

2.70 × 100

1.00 × 101

.5.00 × 100

.1.00 × 101

2.90 × 100

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

1.00 × 101

.1.00 × 101

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

–3

–2

–2

(Continued)
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Table S1 (Continued)
Drug name
(NSC numbera)

IC50 (μmol/L)
Cell line
SEM

Amifostine
(296961)
Dexrazoxone
(169780)
Zoledronic acid
(721517)
Miscellaneous drugs
Acrichine
(14229)
Arsenic trioxide
(92859)
Celecoxib
(719627)
Megestrol acetate
(71423)
Mitotane
(38721)
Tretinoin
(122758)

B1

KOPN8

MOLT-3

TIB-202

.1.00 × 10

.1.00 × 10

.1.00 × 10

.1.00 × 10

.1.00 × 101

.1.00 × 101

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

6.40 × 100

4.63 × 100

7.22 × 10–1

4.07 × 100

4.50 × 100

.1.00 × 101

.1.00 × 101

1.69 × 10–1

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

.1.00 × 101

.1.00 × 101

.5.00 × 100

.1.00 × 101

.5.00 × 100

1

1

1

1

Notes: aCompound identification number in the National Cancer Institute/National Institutes of Health Developmental Therapeutics Program database; bSome drugs may
have more than one mechanism of action.
Abbreviation: IC50, half maximal inhibitory concentration.
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