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Abstract
Treatment-related toxicities such as mucositis and infections are both more frequent and more severe
in children with Down syndrome (DS) and acute lymphoblastic leukemia (ALL) compared to non-
DS ALL. Altered methotrexate pharmacodynamics play a role, but severe toxicities also occur in
treatment courses that lack methotrexate. We hypothesized that this might be attributable to
heightened cytotoxic effects of other ALL chemotherapeutic agents on DS versus non-DS host
tissues. Panels of DS and non-DS lymphoblastoid cell lines (LCLs) and primary fibroblast cell lines
were treated with asparaginase, dexamethasone, doxorubicin, mafosfamide and vincristine. LCL
survival was assessed using the MTT assay, and fibroblast proliferation using the clonogenic survival
assay. No significant differences were observed between DS and non-DS cell lines using either assay.
Both DS and non-DS cell lines were resistant to dexamethasone at the maximal concentrations tested,
and did not differ significantly in sensitivity to the other drugs studied. Thus, heightened in vitro
cytotoxicity does not appear to account for the increased treatment-related toxicities observed in
patients with DS ALL.
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1. Introduction
Children with Down syndrome (DS) have a 10- to 20-fold higher risk of developing acute
lymphoblastic leukemia (ALL) and constitute 3% of pediatric ALL cases. There is mixed data
as to whether patients with DS have inferior survival compared to patients with non-DS ALL,
but studies consistently demonstrate that DS ALL patients exhibit more frequent and severe
treatment-related toxicities, particularly mucositis and infections (1). Increased methotrexate-
induced mucositis is a well-recognized occurrence in patients with DS ALL, likely due to
increased dosage of the reduced folate carrier gene (RFC1) on chromosome 21 causing
enhanced intracellular methotrexate transport (2). However, mucositis and infectious
complications are also more frequent in DS ALL patients in treatment phases which lack
methotrexate. The basis for the differential toxicity in DS patients of the chemotherapeutic
agents employed in these phases is uncertain. Of note, patients with DS and acute myeloid
leukemia (AML), who are treated with many chemotherapeutic agents of the same classes used
in treatment of ALL, demonstrate a similar disproportionate incidence of toxicities compared
to non-DS children with AML (reviewed in (3)).

We hypothesized that increased treatment-related toxicity in DS ALL may occur due to
disproportionate cytotoxic effects of chemotherapy on nonleukemic DS host cells. To
investigate, we exposed DS and non-DS lymphoblastoid cell lines (LCLs) and fibroblast cell
lines to chemotherapeutic agents in vitro and compared their survival and proliferation. Both
LCLs and fibroblasts were studied in order to represent the cell lineages involved in infectious
complications and mucositis, respectively. The chemotherapeutic agents tested were those
commonly employed in ALL induction and intensification phases, when most treatment-
related toxicity occurs: asparaginase, dexamethasone, doxorubicin, vincristine, and
mafosfamide (the active drug generated in vivo by hepatic activation of the prodrug
cyclophosphamide). The MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) colorimetric assay (4) was used in LCLs to measure viability following drug
exposure. The clonogenic survival assay was used in the fibroblast cell lines to assess
proliferation, since a cytostatic effect on fibroblasts would not affect viability and hence not
be detectable by the MTT assay.

2. Materials and methods
This study was performed in accord with a protocol approved by the Baylor College of
Medicine Institutional Review Board.

2.1. Cell lines
Lymphoblastoid cell lines AG09802, AG16945, AG09387, and GM05398, and untransformed
fibroblast cell lines AG06922, AG05397, GM00498, and GM05659 were purchased from
Coriell Cell Repositories (Camden, NJ). Additional LCLs (DS4, DS5, DS6, DS8, NoDS1,
NoDS2, and NoDS3) were kindly provided by Dr. John Belmont. ALL cell lines RS4, Reh and
HSB2 were obtained from American Type Culture Collection (ATCC Rockville, MD). LCLs
were cultured in RPMI 1640 medium (Gibco, Grand Island, NJ) supplemented with 10%
bovine growth serum (Hyclone, Logan, UT) and 1% antibiotic/antimycotic (Gibco, Grand
Island, NJ), and incubated at 37°C in 5% CO2. For the RS4 cell line only, medium was also
supplemented with 0.45% sucrose. Fibroblast cells were grown in minimal essential medium
supplemented with L-glutamine 200mM (Gibco, Grand Island, NJ). All LCLs and fibroblasts
used were at less than 22 passages. The same bovine growth serum lot was used in all
experiments to avoid differences in culture conditions.
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2.2. Chemotherapeutic agents
Dexamethasone, doxorubicin and vincristine were obtained from Sigma-Aldrich (St. Louis,
MO), asparaginase from Merck (West Point, PA) and mafosfamide L-lysine from Baxter
Oncology (Halle, Germany). Mafosfamide and asparaginase stock solutions were prepared in
phosphate buffered saline (PBS); doxorubicin and vincristine in water; and dexamethasone in
methanol (CAS No. 67-56-1).

2.3. MTT Assay
Cell viability was assessed using the MTT colorimetric assay as previously described (5).
Briefly, DS and non-DS LCLs as well as positive control ALL cell lines were seeded at between
0.5–2 × 105 cells/ml in 96-well plates and cultured for 24 hours, followed by incubation with
drug for 72 hours. Cells were exposed to drug at the following concentration ranges:
asparaginase at 3.6 × 10−5 to 10 IU/ml; dexamethasone at 1 × 10−5 to 100 uM; doxorubicin at
0.61 to 10,000 nM; mafosfamide at 3.6 × 10−4 to 100 uM; and vincristine at 5.6 ×10−6 to 2.1
uM. Absorbance was measured by microplate spectrophotometer reader (Anthos Analytical,
Durham, NC) at 550 nm. Two to four independent replicates were performed for each
experiment. Manta 2.0 (Dazdaq Solutions, United Kingdom) was used to convert raw
absorbance to percentage survival values. Cell survival data was graphed using KaleidaGraph
4.0 (Synergy Software, Reading, PA). The IC50 value for each drug, or the inhibitory
concentration required to reduce cell number by 50%, was determined by visual inspection of
the resultant survival graphs.

2.4. Clonogenic survival assay
Antiproliferative effects on DS and non-DS fibroblast cell lines were assessed by clonogenic
survival assay, as previously described (6). Cells were grown to 70% confluence and then
seeded in 10 cm tissue culture plates at densities varying from 300–1800 cells/ml. All plates
were seeded in duplicate. After incubation for 24 hours, cells were exposed to varying
concentrations of drug: asparaginase at 0.002–20 IU/ml; dexamethasone at 0.08–100,000 nM;
doxorubicin at 0.8–10,000 nM; mafosfamide at 10–100,000 nM; and vincristine at 0.5–200
nM. Cells were incubated with doxorubicin and mafosfamide for 24 hours, and with
asparaginase, dexamethasone, and vincristine for 48 hours. Plates were incubated until colonies
of 50 or more cells were observed, approximately 11–14 days. Plating efficiency and survival
fraction were calculated according to Munshi et al. (7) and then graphed using KaleidaGraph
4.0. The LD10, the drug concentration lethal to all but 10% of cells, was determined for each
drug by visual inspection of the resultant graphs.

3. Results
We exposed DS and non-DS cell lines to common ALL chemotherapeutic agents over a 106-
fold range of concentrations for LCLs and 104-fold range for primary fibroblasts. Duration of
drug exposure was 24 hours for drugs with a half-life less than 24 hours (doxorubicin and
mafosfamide), and 48 hours for drugs with a half-life greater than 24 hours (asparaginase,
dexamethasone, and vincristine). For the MTT assay, replicates of six wells were used for each
drug concentration and two replicate 96-well plates were performed for each experiment. Two
or three independent experiments were performed for each drug in the MTT assay experiments.
For the clonogenic survival assay, one experiment consisting of two replicates was performed
for each drug. Data showed relatively low variability across experimental replicates (Figures
1 and 2).

DS and non-DS LCLs showed no significant differences in IC50 values (the inhibitory
concentration required to reduce cell number by 50%) for asparaginase, doxorubicin,
mafosfamide, or vincristine using the MTT assay (Figure 1). LCLs of both genotypes were
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resistant to dexamethasone at the highest concentration tested (100 uM). Control ALL cell lines
demonstrated IC50 values that were equivalent (for vincristine) or lower (for all other drugs)
than the IC50 values of the nonleukemic DS and non-DS LCLs, which was expected since
leukemic cell lines generally demonstrate greater chemosensitivity than nonleukemic LCLs.

DS and non-DS primary fibroblast cell lines similarly demonstrated no significant differences
in LD10 values (the drug concentration that resulted in 10% colony-forming activity) for
asparaginase, doxorubicin, mafosfamide, or vincristine using the clonogenic survival assay
(Figure 2). Both DS and non-DS fibroblast cell lines were resistant to dexamethasone at the
highest concentration tested.

4. Discussion
We report no significant differences in cytotoxicity between DS and non-DS LCLs and primary
fibroblasts exposed to common ALL chemotherapeutic agents. These results do not support
the hypothesis that increased treatment-related toxicity in DS ALL occurs due to
disproportionate cytotoxic effects on host somatic cells. While two prior studies have reported
on the chemosensitivity of DS leukemic blasts (8,9), only one examined the chemosensitivity
of nonleukemic DS versus non-DS cells (8), which is the relevant cell population to examine
in studying the basis for increased host toxicity. Zwaan et al. examined primary peripheral
blood mononuclear cells, and found no significant difference in sensitivity to vincristine and
daunorubicin, and resistance at all concentrations tested for prednisolone and asparaginase, as
well as several other chemotherapeutic agents which were not examined in the present study
since they are not employed in front-line ALL induction and intensification regimens (8). Our
findings confirm the lack of significant differences in chemosensitivity between DS and non-
DS nonleukemic cells, and extend this finding to fibroblast as well as lymphoid cells. IC50
values were generally higher for nonleukemic versus leukemic cell lines in the present study,
although unlike in Zwaan et al., drug resistance was not observed except for dexamethasone,
likely due to the fact that LCLs are typically more chemosensitive in vitro than primary
lymphoblasts. The finding of dexamethasone resistance is not surprising since steroids do not
exert traditional cytotoxic effects.

The increased treatment-related toxicities observed in patients with DS ALL may be
attributable to one or more alternative factors which were not addressed in the present study:
differences in drug pharmacokinetics; differential effects of particular chemotherapy
combinations; and/or intrinsic differences in the DS host immune system and mucosal barrier
(reviewed in (10)), which occur throughout the genome (11) and are largely independent of
the chemotherapeutic agents administered. It is possible that specific DS tissues which were
not tested in the present study display differential toxicity; however, lymphoblasts and
fibroblasts are the only normal tissues from which permanent cell lines are available for study.
It is also possible that susceptibility to treatment-related toxicities shows substantial variation
among individuals with DS, and testing of cell lines derived from specific DS ALL patients
known to have experienced severe toxicities could demonstrate effects which were missed in
the present study. In vitro studies cannot adequately address all of these complex factors.
Additional clinical and translational studies are necessary to tease out the factors responsible
for increased toxicity in DS ALL and aid in attempts to maximize therapeutic potential while
minimizing excess toxicity.
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Figure 1.
Summary of IC50 values for DS and non-DS lymphoblastoid cell lines (LCLs) using the MTT
assay. Black circles indicate DS LCLs; open circles represent non-DS LCLs; and open crosses
represent control ALL cell lines. Each point represents the mean IC50 calculated from two or
three independent experiments. Error bars indicate the standard error of the mean. The control
ALL cell lines were RS4 for dexamethasone; Reh for vincristine; and HSB2 for asparaginase,
doxorubicin and mafosfamide.
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Figure 2.
Summary of LD10 values for DS and non-DS fibroblast cell lines using the clonogenic survival
assay. Black circles indicate DS cell lines; open circles represent non-DS cell lines. Each point
represents the mean LD10 calculated from two experiments. Error bars are not displayed since
the standard error of the mean was less than the size of the circle icon representing each point.
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