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Abstract
Large interindividual variance is observed in both response
and toxicity associated with chemotherapy. Our goal is to
identify factors that contribute to chemotherapy-induced
toxicity. To this end, we used EBV-transformed B-
lymphoblastoid HapMap cell lines derived from 30 Yoru-
ban trios (African descent) and 30 Centre d’ Etude du
Polymorphisme Humain (CEPH) trios (European descent)
to evaluate population- and gender-specific differences
in cytotoxicity of carboplatin, cisplatin, daunorubicin, and
etoposide using a high-throughput, short-term cytotoxicity
assay. The IC50 was compared for population- and gender-
specific differences for the four drugs. We observed
large interindividual variance in IC50 values for carboplatin,
cisplatin, daunorubicin, and etoposide for both Yoruban
and CEPH populations (range from 8- to 433-fold).
Statistically significant differences in carboplatin and
daunorubicin IC50 were shown when comparing Yoruban
cell lines (n = 89) to CEPH cell lines (n = 87; P = 0.002
and P =0.029, respectively). This population difference in
treatment induced cytotoxicity was not seen for either
cisplatin or etoposide. In the Yoruban population, cell lines
derived from females were less sensitive to platinating
agents than males [median carboplatin IC50, 29.1 versus
24.6 Mmol/L (P=0.012); median cisplatin IC50, 7.0 versus
6.0 Mmol/L (P = 0.020) in female and male, respectively].
This difference was not observed in the CEPH population.

These results show that population and gender may affect
risk for toxicities associatedwith certain chemotherapeutic
agents. [Mol Cancer Ther 2007;6(1):31–6]

Introduction
Treatment-induced toxicity has hindered the use of
chemotherapeutic agents to their full potential. Different
individuals respond differently to the same chemothera-
peutic agent. Genetic, physiologic, and environmental
factors are likely to contribute to individual variation (1).
To improve the success of chemotherapy, a better under-
standing of the interindividual variation in both response
and toxicity of chemotherapy is necessary. Limited clinical
trials have suggested that population is a significant
predictor of chemotherapy response (2) as well as toxicity
(3). Furthermore, female gender has been indicated as a
predictor of treatment response in non–small-cell lung
cancer (4, 5), retinoblastoma (6, 7), and glioblastoma (8).
Specifically in patients receiving carboplatin therapy,
females are more likely than males to experience pulmo-
nary toxicity or to develop oral mucositis (9, 10).
Although these clinical studies have suggested popu-

lation and gender roles in the frequency of toxicities
associated with chemotherapy, the underlying cause of
these differences is not known. Clinical drug responses
reflect not only properties intrinsic to the target cell but
also host metabolic properties, drug-drug interactions,
and pharmacokinetics. Therefore, to evaluate population
and gender effects and to begin to understand how
genetic variations contribute to these effects, we used cell
lines from the International HapMap Consortium4

derived from healthy individuals from Yoruba (Africa)
and Utah (United States) to study differences in the
cytotoxic effect of chemotherapy. The HapMap cell lines
have publicly available genetic information that will
allow us to further study the genetic variants important
in observed differences. In this article, we evaluated the
influence of population and gender on four chemother-
apeutic agent– induced cytotoxicities using HapMap cell
lines.

Materials andMethods
Materials
EBV-transformed B-lymphoblastoid cell lines from 30

trios (mother, father, and child) of healthy Yorubans
(Ibadan, Africa) and 30 trios of Centre d’ Etude du
Polymorphisme Humain (CEPH; Caucasians of Northern
and Western European descent) were used. These cell
lines were obtained from Coriell Cell Repositories
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(Camden, NJ).5 RPMI 1640, containing 4.5 g/L glucose
and L-glutamine, was purchased from Mediatech, Inc.
(Herndon, VA). Fetal bovine serum was purchased from
HyClone (Logan, UT). PBS was purchased from Life
Technologies, Inc. Invitrogen (Carlsbad, CA). Carboplatin,
cisplatin, and DMSO were purchased from Sigma-Aldrich,
Inc. (St. Louis, MO). Daunorubicin and etoposide were
obtained from National Cancer Institute Drug Synthesis
and Chemistry Branch (Bethesda, MD).

Cell Growth Inhibition Experiments
Cell lines were maintained in RPMI 1640 supplemented

with 15% fetal bovine serum and 1% L-glutamine. Cell lines
were passaged thrice a week and seeded at a concentration
of 350,000 cells/mL at 37jC in a 95% humidified 5% CO2

atmosphere. Drug treatment was quantified at passages 3
to 8. Cell growth inhibition experiments were assessed
using alamarBlueR assay (BioSource International, Inc.,
Camarillo, CA). Briefly, at the time of passage, cell
suspensions (100 AL, 1 � 105 cells/mL) were added into
96-well round-bottomed plates (Corning, Inc., Corning,
NY). Experiments were conducted only on cell lines
showing >85% viability on the day of plating. After 24-
h incubation, treatment was started by adding 100 AL of
increasing concentrations of treatment solutions. The
treatment concentrations and exposure times were opti-
mized in our laboratory so that we observed a full
spectrum of cytotoxicity. Carboplatin was dissolved in
water. Cisplatin and etoposide were dissolved in DMSO.
Daunorubicin was dissolved in PBS. Carboplatin concen-
trations used were 0 (medium only), 2.5, 5, 10, 20,
40, 80, 120, and 160 Amol/L. Cisplatin concentrations used
were 0, 0.1% DMSO (vehicle control), 0.5, 1, 2.5, 5, 10, 20,
40, and 80 Amol/L. Daunorubicin treatment concentrations
used were 0 (medium only), 0.0125, 0.025, 0.05, 0.1, 0.2,
and 1 Amol/L. Etoposide treatment concentrations used
were 0.025% DMSO (vehicle control), 0.02, 0.1, 0.5, and
2.5 Amol/L. Cells were treated with cisplatin for 48 h and
with carboplatin, daunorubicin, and etoposide for 72 h. All
experiments were conducted at least twice in triplicate for
each concentration. Twenty microliters of alamarBlueR
were added to each well 24 h before colorimetric detection
to determine the percent cell growth inhibition relative to
control. Absorbances at 570 and 600 nm were recorded
using a Synergy HT plate reader (BioTek Instruments, Inc.,
Winooski, VT). Percent survival was quantified according
to the manufacturer’s protocol.6

Data Analysis
IC50 was determined by curve fitting of percent cell

survival against concentrations of drug. To examine the
population and gender effects on drug treatment, a general
linear model was constructed with IC50 values transformed
using the natural logarithm (ln) as the dependent variable
and dichotomous indicators for population and gender as
the independent variables. The dependent variable was

transformed to satisfy the assumption of normality. Trios
were treated as units of analysis, and members of different
families were considered independent. The covariance
structure within a trio was modeled using a Toeplitz
structure with two diagonal bands, such that the trios are
ordered father, offspring, and then mother. With this
covariance structure, mother and father IC50 values are
independent but the offspring’s value is allowed to covary
with both father and mother’s values. The same general
linear model was also constructed with the ln transformed
percent cell survival as the dependent variable at each drug
treatment concentration. In addition, to explore within
population and within gender effects, separate models
were constructed within each gender with only an indicator
of population as a predictor. Similarly, separate models
were also constructed within each population with only an
indicator of gender as a predictor. P < 0.05 was considered
statistically significant. All models were programmed
using the PROC MIXED procedure in SAS/STAT software
(version 9.1 of the SAS System for Windows, SAS Institute,
Inc., Cary, NC). The REPEATED statement was used to
allow modeling the Toeplitz covariance structure.

Results
CellViability after Drug Treatment
EBV-transformed B-lymphoblastoid cell lines derived

from Yoruban trios (n = 89) and CEPH trios (n = 87) were
examined using the alamarBlueR assay. Four cell lines (one
Yoruban and three CEPH) failed to reach 85% viability on
the experiment day on more than three attempts and
therefore were not further evaluated. Carboplatin, cisplatin,
daunorubicin, and etoposide all showed dose-dependent
cytotoxicity (Fig. 1; Table 1). The same cell line showed
different sensitivity to each drug (Fig. 1). We observed
considerably large interindividual variation in IC50 in both
Yoruban and CEPH cell lines. Within the Yoruban
population, there were 12-, 17-, 54-, and 222-fold variations
for carboplatin, cisplatin, daunorubicin, and etoposide
IC50s, respectively. We also observed 8-, 49-, 40-, and 433-
fold variations in IC50s for CEPH.

Population Effect on Drug-Induced Cytotoxicity
Carboplatin IC50 was higher in the Yoruban versus the

CEPH population with a median IC50 of 26.8 Amol/L
(Yoruban) versus 20.2 Amol/L (CEPH). Similarly, median
daunorubicin IC50 was 0.05 Amol/L for Yoruban versus
0.04 Amol/L for CEPH-derived cells. This was statistically
significant with P = 0.002 and P = 0.029 for carboplatin and
daunorubicin, respectively (Table 1; Fig. 2A and C). In
models of females and males separately, population was
statistically significant within females (P = 0.0006) and
not significant within males (P = 0.298) for carboplatin
(Fig. 3A). One Yoruban cell line had high IC50 (indicating
high resistance) to all four drugs. After removing this
potential outlier, population difference remained statisti-
cally significant for carboplatin (P = 0.003) and was
trending towards significance for daunorubicin (P =
0.051). The general linear models described above were

5 See http://locus.umdnj.edu/.
6 http://www.biotek.com/products/.
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also constructed with the ln transformed percent cell
survival as the dependent variable for each treatment dose.
Population was a statistically significant predictor of cell
survival at all doses for carboplatin (10, 20, 40, and 80
Amol/L) and at 0.1 and 0.2 Amol/L doses for daunorubicin.
Cisplatin showed similar population differences in cyto-

toxicity, with a higher median IC50 in Yoruban (6.3 Amol/L)
compared with CEPH (5.1 Amol/L), although this effect was
not found to be statistically significant (Table 1; Fig. 2B).
Etoposide IC50 values for Yoruban (0.40 Amol/L) and

CEPH (0.43 Amol/L) were not significantly different (P =
0.838; Table 1; Fig. 2D).

Gender Effect on Drug-Induced Cytotoxicity
There were 42 males and 44 females in the CEPH

population and 51 males and 37 females in the Yoruban
population. In the Yoruban population, cell lines derived
from females were less sensitive to platinating agents than
cell lines derived from males. The median carboplatin IC50
was 29.1 for females versus 24.6 Amol/L for males, and
median cisplatin IC50 was 7.0 for females versus 6.0 Amol/L
for males (Table 1; Fig. 3A and B). The F test showed that
gender was a significant predictor of ln (IC50) values for
carboplatin (P = 0.012) and cisplatin (P = 0.020) in this
population. After removing the potential female Yoruban
outlier, these gender differences remained statistically
significant. There was a trend of higher percent cell
survival in Yoruban females than in Yoruban males at
each treatment concentration for both carboplatin and
cisplatin (data not shown).

The gender difference in response to drug was not seen
for daunorubicin and etoposide in the Yoruban population
(Fig. 3C and D). Additionally, we did not observe a gender
difference for carboplatin, cisplatin, and daunorubicin
cytotoxicity in the CEPH population (Fig. 3A–C), although
gender did play a role in the response to etoposide in CEPH
[median IC50, 0.43 Amol/L (female) versus 0.46 Amol/L
(male); P = 0.048; Table 1; Fig. 3D].

Discussion
Our study showed a wide range of interindividual
variation in cytotoxic response to carboplatin, cisplatin,
daunorubicin, and etoposide using lymphoblastoid cell
lines from normal individuals. Significant differences in
sensitivity to carboplatin- and daunorubicin-induced cyto-
toxicity in cell lines derived from individuals of African
and European descent imply that populations may vary in
their susceptibility to chemotherapeutic toxicity. Cell lines
from Yoruban females are less sensitive to carboplatin than
Caucasian females. Yoruban female cell lines are also less
sensitive to carboplatin and cisplatin than cell lines from
their male counterparts. The population and gender effects
associated with chemotherapy seem to be dependent on the
chemotherapeutic drug.
The effect of population on antitumor activity and

toxicity associated with chemotherapy has not been well
studied. However, our model focuses on differences in
normal cells, not tumor cells. A few clinical trials do

Table 1. Median and range of carboplatin, cisplatin, daunorubicin and etoposide IC50s in Yoruban and CEPH

Drug Yoruban CEPH

Female (Amol/L) Male (Amol/L) Female (Amol/L) Male (Amol/L)

Carboplatin*,c 29.1 (15.3–141.1) 24.6 (11.8–70.3) 20.4 (10.4–49.2) 20.1 (8.6–70.4)
Cisplatinc 7.0 (2.2–37.4) 6.0 (2.2–27.1) 5.2 (1.8–25.8) 5.1 (1.5–73.9)
Daunorubicin* 0.05 (0.02–0.87) 0.05 (0.02–0.27) 0.04 (0.01–0.23) 0.04 (0.01–0.30)
Etoposideb 0.47 (0.10–17.89) 0.37 (0.09–5.38) 0.43 (0.04–7.00) 0.46 (0.11–17.31)

*Statistically significant difference between Yoruban and CEPH.
cStatistically significant difference between female and male in Yoruban.
bStatistically significant difference between female and male in CEPH.

Figure 1. Sensitivity of lympho-
blastoid cell lines derived from CEPH
and Yorubans to four chemothera-
peutic drugs. Percent cell survival
after carboplatin (n), cisplatin (E),
daunorubicin (!), and etoposide (y)
72-h treatment (except cisplatin,
exposure time = 48 h) in cell lines
derived from Yoruban (A; solid sym-
bols ) and CEPH (B; open symbols )
populations. Points, mean (n = 89
for Yoruban and n = 87 for CEPH);
bars, SD.
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support the role of population in response and toxicity of
chemotherapy. For example, Millward et al. (2) have shown
that ethnicity was a significant predictor of response to
docetaxel and carboplatin treatment in advanced non–
small-cell lung cancer. Furthermore, African American
head and neck cancer patients were more likely to develop
cisplatin-induced nephrotoxicity (11) and less likely to
develop hypothyroidism when compared with Caucasians
(12). Hansen et al. (3) observed cardiotoxicity more
frequently in African American patients who received
doxorubicin. HapMap cell lines from different populations
will allow researchers to begin to unravel the underlying
genetic variants that result in these population differences
in drug-induced toxicities observed clinically by evaluating
publicly available genotypic data4 and expression data.7

One limitation that we acknowledge is that the collection
time for the CEPH cell lines wasf15 years earlier than that
for the Yoruban cell lines. This may contribute to the
phenotypic difference observed between these two pop-
ulations; however, we only observed population differ-
ences for two drugs among the four drugs tested. More
likely, different sensitivities to drugs are due to differences
in frequencies of specific genetic variants that may lead to
differences in gene expression or function of the protein
between the populations. We are currently investigating
genetic variants and expression differences that contribute
to these differences in sensitivity to drug. Dabholkar et al.
(13) have indicated that the increased expression of
xeroderma pigmentosum group A, a nucleotide excision
repair protein, in ovarian cancer is associated with
resistance to platinum treatment. Our preliminary gene
expression analysis showed significant higher xeroderma
pigmentosum group A expression in Yoruban when
compared with CEPH (data not shown). This was in
agreement with our hypothesis that higher DNA repair
protein expression in Yoruban leads to less sensitivity
(higher IC50) to carboplatin in the same population.
Multiple clinical trials have also suggested that female

gender is a predictor of chemotherapy response as well as
toxicity. Female gender has been found to be significantly
associated with an increased likelihood of receiving
second-line therapy to improve survival and quality of life
in patients with non–small-cell lung cancer after initial
carboplatin and paclitaxel therapy (14). In terms of
response, a retrospective analysis on stage III non–small-
cell lung cancer indicated that females survived longer than
males overall and had longer local recurrence-free survival
when treated with high-dose hyperfractionated radiation
therapy and concurrent carboplatin and etoposide therapy
(4). In terms of toxicity associated with gemcitabine and
carboplatin, female gender was associated with more
profound changes in posttreatment diffusion capacity for
carbon monoxide, an indicator of pulmonary toxicity (9).
Female gender is also associated with developing oralFigure 2. Effect of population on sensitivity of cell lines to four

chemotherapeutic drugs. The ln IC50s of carboplatin (A), cisplatin (B),
daunorubicin (C), and etoposide (D) were calculated and plotted in cell
lines derived from Yoruban and CEPH populations. Data presented as each
individual cell line ln IC50 in Yoruban (n) and CEPH (5). Horizontal line,
median value. *, P < 0.05. 7 http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE2552.
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mucositis, a standard-dose chemotherapy toxicity for
patients treated with multiple chemoregimens (10).
Our study showed significantly higher IC50 for platinating

agents in cell lines derived from Yoruban females than in
those derived from Yoruban males. This gender difference
could translate into lower toxicity of these agents in
Yoruban females. Evaluation of gender effects on chemo-
therapeutic-induced toxicity in a target population (i.e.,
Africans) may be warranted. When the gene expression of
lymphoblastoid cell lines derived from 115 female and 118
males CEPH individuals was compared using the Affyme-
trix Human Genome Focus Array,7 we identified four genes
(FOXO1A, JUP, KLF2 , and ZNF706) with higher expression
in females and six genes (CTNND1, FEZ1, FFAR2, LGALS1,
LMNA , and TNFSF9) with higher expression in males (15).
Therefore, it is plausible that the gender difference in
phenotype may be the result of epigenetic, posttranscrip-
tional, or posttranslational regulation and/or hormone-
related or baseline expression differences. We are currently
working on identifying genetic variants that contribute
to gender differences using expression array data.
Whereas tumor cell lines may be more appropriate for the

study of the antitumor response to chemotherapeutic agent
effects, the goal of our model is to eventually identify
genetic variants in patients before treatment with chemo-
therapy so that patients at risk for toxicities can be given a
dose-reduced regimen. One limitation of the model is that it
only represents one tissue and may not represent protein
expression in a tissue of known toxicity. Therefore, we may
not capture the genetic contribution of all genes contribut-
ing to chemotherapy-induced cytotoxicity in various
tissues. However, given the extensive genetic information,
these HapMap cell lines remain to be one of the best tools to
identify genetic variants that may predict toxicities. The cell
lines will be used to identify genes important in the
pharmacodynamics of the drug without confounding
variables from pharmacokinetic parameters. There is some
concern that phenotypes of lymphoblastoid cell lines may
be altered by EBV-mediated transformation. However,
Huang et al. (16) have shown that the morphology of the
transformed cells was similar to that of phytohemaggluti-
nin-stimulated peripheral blood lymphocytes, and the
observation on the variation in gene expression profiles in
lymphoblastoid cell line clusters by families (17) indicates
that genetic factors, such as single-nucleotide polymor-
phisms, drive gene expression; therefore, it is more likely
that phenotypic variation is related to genetic variables that
control expression.
Our ultimate goal is to improve therapy through the

identification of genetic variants dictating chemotherapeu-
tic agent–induced toxicity. To this end, we chose cell lines
that are part of the International HapMap consortium and
have publicly available genotypic data, which will allow us
to compare the frequency and spectrum of genetic variants
in target genes from individuals of African and European
descent associated with susceptibility to drugs. To our
knowledge, we are the first to illustrate a significant
population and gender difference in susceptibility to

Figure 3. Effect of gender on sensitivity of cell lines to four
chemotherapeutic drugs. The ln IC50s of carboplatin (A), cisplatin (B),
daunorubicin (C), and etoposide (D) were calculated and plotted in cell
lines derived from Yoruban and CEPH populations. Data presented as each
individual cell line ln IC50 in Yoruban female (.), Yoruban males (E), CEPH
females (o), and CEPH males (4). *, P < 0.05.
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drug-induced cytotoxicity in these HapMap cell lines.
Further efforts to identify genetic variants or expression
differences that provide mechanistic explanations for
population and gender differences in chemotherapeutic
agent–induced cytotoxicity will follow.
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