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sion data into an IC50 of each drug. Multiple regression
analysis of the selected genes yielded three prediction
formulae for in vitro activity of CDDP and paclitaxel. In
the same way, using the same genes selected in vitro,
we then attempted to develop prediction formulae for
progression-free survival to the platinum/paclitaxel combination. We therefore constructed possible formulae
using different sets of 13 selected marker genes (5 known
and 8 novel genes): Utility confirmation analyses using
another nine test samples seemed to show that the
formulae using a set of 8 novel marker genes alone could
accurately predict progression-free survival (r = 0.683;
P = 0.042). [Mol Cancer Ther 2006;5(3):767 – 75]

Introduction
Abstract
We attempted to identify potent marker genes using a new
statistical analysis and developed a prediction system for
individual response to platinum/paclitaxel combination
chemotherapy in ovarian cancer patients based on the
hypothesis that expression analysis of a set of the key
drug sensitivity genes for platinum and paclitaxel could
allow us to predict therapeutic response to the combination. From 10 human ovarian cancer cell lines, genes
correlative in the expression levels with cytotoxicities of
cisplatin (CDDP) and paclitaxel were chosen. We first
selected five reliable prediction markers for the two drugs
from 22 genes already known as sensitivity determinants
and then identified another 8 novel genes through a twodimensional mixed normal model using oligomicroarray
expression data. Using expression data of genes quantified by real-time reverse transcription-PCR, we fixed the
best linear model, which converted the quantified expres-
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Existing chemotherapies are largely palliative for advanced
tumors, and numerous patients undergo a regimen without
benefit (1, 2). These undesirable conditions and growing
evidence that genetic difference is an important cause
of variable individual drug response led to the creation
of a novel chemotherapeutic strategy, personalized medicine: This would allow selection of an optimal regimen
for each individual based on genomic makeup or gene
expression profile (3 – 5). If personalized medicine is to
be realized, however, molecular indicators of individual
response to cancer chemotherapy are urgently required.
For advanced ovarian cancer, platinum/paclitaxel combination is the recommended chemotherapy at present,
with complete response rate to the primary treatment as
high as 75% (6). Nevertheless, >90% of patients develop
recurrences and <25% survive for 5 years, and the
prognosis for patients without clinical complete response
or with recurrence disease developed within 6 months after
primary treatment is consistently poor (7, 8). Despite
intensive studies, none of the critical prediction markers
of efficacy has been validated to date (9, 10).
The ingenious and intricate mechanism of drug sensitivity creates obstacles in predicting chemotherapeutic efficacy: Multiple genes are involved in the mechanisms, and
genes or expression profiles for drug sensitivity vary
significantly among tumors. DNA chip technology enables
us to overview a huge number of gene expressions
simultaneously, but gene expression profiles of drug
sensitivity vary considerably even for the same drug,
which shows the limited value of a static microarray
expression profile as a marker aimed at individualizing
patient therapy (5, 11, 12).
Selection of a set of truly significant genes and
understanding of their interplay are of key importance
in prediction of individual response to drug therapies.
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Using cDNA array, we previously sorted out 12 potential
prediction marker genes of in vitro activity for eight
drugs, including cisplatin (CDDP) and paclitaxel. We
then fixed prediction formulae, which embraced the
variable expressions of the 12 genes, and arranged them
to predict the efficacy of the drugs along with individual clinical responses to 5-fluorouracil (5). The potent
predictive value suggested that the better markers had
been selected and that evaluation of the variable expression of the 12 genes by multiple regression analysis
might work well as a prediction model. Nevertheless,
the final selection of marker genes was still limited
to functionally proven genes. In fact, no definitive way
to determine the critical marker genes from a huge
number of candidates at one stroke has yet been
established.
In this study, we focused on platinum/paclitaxel
therapy in ovarian cancer and attempted to select more
powerful sensitivity markers using a new statistical
method of array expression data: a two-dimensional
normal mixture model. We then did multiple regression
analysis using selected genes with and without proven
functional significance to drug sensitivity, seeking to
develop more reliable prediction models of the in vitro
activity of CDDP and paclitaxel and the clinical efficacy of
the combination.

Materials and Methods
Chemicals
CDDP and paclitaxel were generously provided by
Bristol-Myers K.K. (Tokyo, Japan). All other chemicals
were analytic grade and were purchased from Wako Pure
Chemicals (Osaka, Japan) and Sigma (St. Louis, MO).
Cells
The 10 human ovarian cancer cell lines used in this study
were kindly provided as follows: an ovarian serous
adenocarcinoma cell line, SKOV3 (N. Nagai, Hiroshima
University, Hiroshima, Japan); KF28 and its CDDP/
paclitaxel-resistant variant (Dr. Y. Kikuchi, National Defense Medical College, Saitama, Japan); and KF, SHIN3,
and five ovarian clear cell adenocarcinoma cell lines,
KK, TAYA, RMG-1, OVISE, and OVTOKO (M. Suzuki,
Jichi Medical School, Tochigi, Japan). All cell lines were
cultured in RPMI 1640 (Life Technologies, Inc., Grand
Island, NY) containing 10% heat-inactivated fetal bovine
serum (BioWhittaker, Verviers, Belgium) at 37jC in a
humidified atmosphere of 5% CO2 and maintained in
continuous exponential growth by passage every 3 days.
Patients and HumanTissue Samples
Human tumor specimens were collected from 23
patients in International Federation of Gynecology and
Obstetrics stages III and IV advanced-stage ovarian cancer
(1 case of stage IIIb, 15 cases of stage IIIc, and 7 cases of
stage IV) at initial laparotomy. All of the patients had
histologically proven ovarian serous adenocarcinoma and
had not received any treatment before tumor sampling.
The patients were all <80 years old (median, 58; range,

42 – 76) with performance status (WHO) 0 to 2 without
significant baseline laboratory abnormalities, and life
expectancy was estimated as >3 months. All received
platinum/paclitaxel chemotherapy as postoperative adjuvant chemotherapy after noncurative operations. Paclitaxel
was given by continuous infusion at a dose of 175 mg/m2
over 3 hours followed by platinum, carboplatin (area
under the curve, 5.0 infused over 30 minutes; ref. 6).
Cycles of this regimen were repeated every 21 days and
patients received a median of six cycles of the treatment
(range, 4 – 10), which is the current standard number of
cycles for the patients with advanced-stage ovarian
cancer. Because most of the cases (>75%) generally
achieve complete response after primary treatment,
progression-free survival (PFS) was estimated as the
prime indicator of therapeutic effect in this study. PFS
was measured from the start of treatment until the first
documentation of progression, date of last contact, or start
of subsequent antitumor therapy. Computed tomography
(computed tomography scanning) was done every two or
three chemotherapy cycles to estimate PFS. Written
informed consent was obtained from all patients, and
the protocol was approved by institutional ethics committees. The tumor specimens were divided into two groups
according to collection date (14 earlier-obtained and 9
later-obtained samples). The former were used as experimental samples to develop a prediction model and the
latter were used as test samples to confirm the predictive
accuracy of the developed model. These samples were
stored at 80jC until use.
Extraction and Purification of RNA
For gene expression analysis, exponentially grown
cultured cells (2  106) were collected after two washings
with PBS. The cell pellets were immediately frozen in
liquid nitrogen and stored at 80jC until use. Total RNA
of cell pellets or frozen tissue samples was prepared
using Qiagen RNeasy mini kit (Qiagen, Inc., Valencia,
CA). The quality of the RNA was checked using Agilent
Technologies 2100 Bioanalyzer (Agilent Technologies,
Palo Alto, CA).
Oligonucleotide Array Analysis
Codelink Expression Bioarray System (Amersham Biosciences, Tokyo, Japan) was used according to the
manufacturer’s protocol. Briefly, first-strand cDNA was
generated from 1 Ag total RNA of cell lines using reverse
transcriptase and a T7 primer, and second-strand cDNA
was produced using DNA polymerase mix and RNase H.
cRNA was generated via an in vitro transcription reaction
using T7 RNA polymerase and biotin-11-UTP (PerkinElmer, Boston, MA), which was quantified by spectrometry
and checked using Agilent Technologies 2100 Bioanalyzer.
cRNA (10 Ag) was then fragmented and hybridized to a
Codelink Uniset Human 20K I Bioarray containing 19,981
probes with positive and negative bacterial control probes.
After hybridization, the arrays were rinsed and labeled
with streptavidin-Cy5, scanned using Agilent DNA Microarray Scanner (Agilent Technologies), and analyzed with
Codelink Expression Analysis Software. Expression levels
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were normalized to the median expression value of the
entire spot array. The microarray data were registered to
the Gene Expression Omnibus under GE accession no.
GSE3001.7
Real-time Reverse Transcription-PCR
Total RNA (2 Ag) extracted from each cell line was
reverse transcribed using High-Capacity cDNA Archive
Kit (Applied Biosystems, Foster City, CA). Aliquot (1/200)
of the cDNA (equivalent to 10 ng total RNA) was subjected
to real-time reverse transcription-PCR (RT-PCR). Real-time
RT-PCR was done using TaqMan Gene Expression Assays
(Applied Biosystems) or originally designed TaqMan
probe (Applied Biosystems) and primer set. Each reaction
was carried out in triplicate for both cell lines and tissues
using ABI Prism 7900HT Sequence Detection System
(Applied Biosystems). These triplicate measurements were
averaged, and relative gene expression levels were
calculated as a ratio to glyceraldehyde-3-phosphate dehydrogenase expression level.
Cytotoxicity Assay
Drug-induced cytotoxicity was evaluated by conventional 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide dye reduction assay. Cells were counted with
hemocytometer and seeded in 96-microwell plates (Nunclon, Nunc, Roskilde, Denmark) at a density of 4  103 per
well in RPMI 1640 with 10% fetal bovine serum. After 24hour incubation, the medium was replaced and cells were
exposed to the indicated drug concentrations for 72 hours,
after which 10 AL of 0.4% 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide reagent and 0.1 mol/L
sodium succinate were added to each well. After 2-hour
incubation, 150 AL DMSO was added to dissolve the purple
formazan precipitate. The formazan dye was measured
spectrophotometrically (570 – 650 nm) using MAXline
Microplate Reader (Molecular Devices Corp., Sunnyvale,
CA). The cytotoxic effect of each treatment was assessed by
IC50 (drug concentration of 50% absorbance of control).
Rank Correlation Analysis
The rank correlation coefficient (Spearman correlation
coefficient) is well known as a robust statistical index for
quantifying degrees of correlation between ranks of two sets
of measurements: It is useful even when data are contaminated with some outliers. The statistical significance was
evaluated with P obtained from the Monte Carlo method by
generating null distribution under the hypothesis that there
was no correlation between any two sets of measurements.
Two-Dimensional Mixed Normal Model
Two-dimensional mixed normal model is a statistical
method proposed by Ohtaki et al., which can effectively
adjust the microarray data to facilitate comparisons
through eliminating systemic biases in the measured
expression levels, called normalization, and identify differentially expressed genes between two cells showing
different biological behaviors based on the functional

7
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status of the genes (13, 14). We used this mathematical
model to select the most potent prediction marker genes
from the large number of candidates that were sort out as
correlative genes with drug sensitivity in the first microarray screening analysis.
The mathematical model for the microarray data with
each channel (denoted as Yi (1) and Yi (2), where Yi (1) and
Yi (2) are the suitably transformed and normalized gene
expression measurements) is
ð1Þ

¼ si ai þ bi þ ei ;

ð2Þ

¼ si ai þ bi þ ei :

Yi
Yi

ð1Þ

ð1Þ

ð2Þ

ð2Þ

The symbols si (1) and si (2) represent the expression status
of gene i in the query and reference samples (if gene i is on,
si = 1; if gene i is off, si = 0). The symbol ai represents the
expression intensity of gene i when it is on. The terms of
‘‘on’’ and ‘‘off’’ are used to express the functional status of
a gene. If a gene actually expressed yielding its product
(i.e., ‘‘mRNA’’) as the true signal, the status is on; otherwise
(i.e., mRNA is not in the sample), it is off. When the status
of a gene is off, the observed measurement reflects only the
amount of systematic error and measurement error. The
symbol bi denotes systematic error common to channels
1 and 2. The symbols ei (1) and ei (2) indicate random errors,
which are mutually independent. The variable transformation U = Yi (1) + Yi (2) and V = Yi (1)  Yi (2) is introduced, and
the gene is characterized by the joint sum and difference of
its expression intensities in two samples. The plot (U,V) is
called the S-D plot. Then, a two-dimensional mixed normal
model with four components is applied (Fig. 1A). The
genes of interest to us belong to the region c (on, off) and
region d (off, on), where V reflects the true difference of
expression intensities between the two samples. Genes
belonging to the regions a and b are not informative,
because V reflects only the measurement error. The
probability of the gene being differentially expressed
between the query and the reference samples [i.e., the
status of the gene is (on, off) or (off, on) between them] was
obtained as a posterior probability.
Multiple Regression Analysis
The multiple regression model is expressed by Yi =
h 0 + h 1x i 1 + . . . h p x ip + ei , where ei is a random error
and h0 , h1 , . . ., hp denote parameters to be estimated.
Trimmed Least Squares Regression, a reliable regression
method based on an extended algorithm of Least Median
Squares Regression proposed by Rousseeuw (15), was done
to explore one set of effective genes whose expression
levels would explain the value of drug efficacy (IC50 or
PFS), in which a value of Yi (a logarithmic-transformed
value of IC50 of cell or PFS) is a response variable and
values of x i 1, x i 2, . . ., x ip (expression levels of genes) are
explanatory variables (5). A set of effective genes was
explored by referring to the value of Akaike’s information
criterion (AIC) per sample or by checking residuals
graphically. When the correlation coefficient (r) becomes
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Figure 1.

Selection of potent prediction marker genes using a twodimensional mixed normal model. A,
two-dimensional mixed normal model
with four components for S-D plot
shown schematically. X axis, sums
of expression intensities of the query
and reference samples; Y axis, differences. The expression status of
genes inside regions a to d are (off,
off), (on, on), (on, off), and (off, on)
in the query and reference samples,
respectively. The terms ‘‘on’’ and
‘‘off’’ represent the functional status
of a gene. B, for potent drug sensitivity markers, we explored genes
differentially expressed between the
most drug-resistant (e.g., dotted
arrows ) or drug-sensitive cells (e.g.,
open arrows ) and cells showing
median IC50 for each drug using the
model.

closer to 1 and AIC per sample grows smaller, the model
becomes more predictive and confirmative. We used the
software NLReg, developed by Ohtaki et al.,8 which
implemented a robust regression analysis (5). Outliers
were identified by referring to the value of AIC per sample
or checking residuals graphically, and a set of effective
genes that satisfied the value of IC50 or PFS was explored.
The NLReg analysis software provides estimated h p with P,
where a lower P indicates a lower probability for the
observation that h p could be 0 in the formula. A positive h
indicates that the corresponding explanatory variable acts
as a positive factor in the formulae, whereas a negative h
indicates the inverse action of the variable. The levels of h
do not directly account for the importance of the
explanatory variable when values (or levels) of the
explanatory variables differ considerably.

Results
Prediction Markers Selected from Genes Known as
Drug Sensitivity Determinants
A variety of genes have been shown as drug sensitivity
determinants to date, so we first attempted to select
prediction markers from these genes. After a search through
the literature on gene-drug sensitivity (or resistance) to
CDDP and paclitaxel on the National Library of Medicine’s
PubMed, 22 candidate genes whose functional significance
have been shown in more than two reports were selected
(16 – 28). These 22 candidates were subjected to real-time RTPCR analysis and analyzed for correlation with the
quantified expression levels of drug sensitivity in 10 ovarian
cancer cell lines. The observed IC50s for CDDP (302.7 –
9,118.1 nmol/L) and paclitaxel (4.4 – 2,104.4 nmol/L) significantly varied among cell lines, and expression levels of IL6,
8
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BCL2, VEGF, and ERCC2 for CDDP and those of ABCB1,
CYP2C8, and CYP3A4 for paclitaxel were found to correlate
with the sensitivity to each drug (P < 0.05). Nevertheless,
analysis also revealed that expressions of CYP2C8 and
CYP3A4 were undetectable in 7 and 6 of the 10 cell lines
investigated, respectively. The insecure expression of
CYP2C8 and CYP3A4 led us to omit them from prediction
markers, and we selected a set of the other 5 correlative genes
as a potent prediction marker of efficacy of platinum/
paclitaxel combination therapy (Table 1).
Screening of Novel Candidate Genes Using Oligonucleotide Array
Even so, none of the genes selected are always critical in
drug sensitivity mechanisms. To seek more powerful
marker genes, we therefore did oligonucleotide array
analysis using Codelink Uniset Human 20K I Bioarray
containing 19,981 probes. The normalized expression level
of each gene and the IC50 for each drug in 10 cell lines were
ranked and the correlation between ranks of the two sets of
measurements was evaluated. The rank correlation analysis showed that 114 and 303 genes correlated with cellular
resistance to CDDP and paclitaxel, respectively, in their
expression levels (P < 0.01; supplement data_rank correlation.xls).9 To select the most potent prediction marker
genes from such a large number of candidates, we further
explored differentially expressed genes between the most
drug-resistant or drug-sensitive cells and cell lines with
median IC50 for each drug, using a novel statistical method,
a two-dimensional normal model. This method provided
8 and 12 genes for paclitaxel and CDDP, respectively, as
highly reliable candidates for prediction markers (>0.8 of
probability of heterogeneity; Fig. 1).

9
Supplementary material for this article is available at Molecular Cancer
Therapeutics online (http://aacrjournals.org/).
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Likewise, MYO5C, SPINK1, and PRSS11 for CDDP and
IFIT3 for paclitaxel showed greater sensitivity to the
corresponding drug than the other genes selected as novel
prediction markers.
Prediction Model of Clinical Response to Platinum/
Paclitaxel Chemotherapy
Because potent predictive value was shown in the
prediction models of in vitro drug sensitivity, we attempted
to construct a prediction model of clinical response (i.e.,
PFS) to platinum/paclitaxel combination chemotherapy in
the same way using the same genes selected in in vitro. To
construct a prediction model, we first used 14 tumor
specimens from 23 collected specimens. The samples were
subjected to real-time RT-PCR analysis to quantify the
expression levels of 13 selected marker genes, and we
developed clinical prediction models using two sets of the
selected marker genes, 5 genes known as drug sensitivity
determinants and 8 novel marker genes.
Because the 13 selected genes were powerful indicators of
in vitro drug sensitivity even when used alone, we
investigated the correlation between expression of each
gene in tumor samples and clinical response to platinum/
paclitaxel chemotherapy for a start. However, none of the
selected genes alone could predict PFS of platinum/
paclitaxel chemotherapy. Expression data of the set of
5 genes known as sensitivity determinants and the other set
of 8 novel marker genes were then subjected to multiple
regression analysis. In contrast to the findings in the
analysis using each of the selected 13 genes or each set of
genes related to sensitivity to either CDDP or paclitaxel
alone, analysis using 14 data sets of gene expression and
clinical response provided two prediction formulae for PFS
that showed the highest fitness for each set of prediction
marker genes (Table 3). We also attempted to fix other

These 20 selected genes were subjected to real-time RTPCR analysis to confirm correlation with drug sensitivity in
the quantified expression levels. To select more potent
prediction marker genes, the selection criterion was
determined as P < 0.01 and R > 0.5 in the linear regression
analysis. From the correlative genes, we then omitted DBC1
whose expression was undetectable in 6 of the 10 cell lines,
and finally selected a total of 8 genes as novel prediction
markers: MYO5C, SPINK1, ARMCX3, PLEK2, and PRSS11
for CDDP, and TNFSF13B, IFIT3 and BTN3A2 for paclitaxel
(Table 1).
Prediction Model of Sensitivity to CDDP and Paclitaxel In vitro
CDDP and paclitaxel seemed to have plural sensitivity
marker genes, except when we selected such markers for
paclitaxel from 22 genes already known as drug sensitivity
determinants. Using expression data of these three sets of
selected genes quantified by real-time RT-PCR, we did
multiple regression analysis to compose prediction models
for the in vitro activity of CDDP and paclitaxel. As results,
we fixed a total of three prediction formulae of in vitro drug
sensitivity, two prediction formulae for CDDP and one for
paclitaxel, to show the highest fitness (Table 2; Fig. 2). The
observed correlation coefficient and AIC per sample
indicated potent predictive values of all the fixed formulae,
and the model using novel marker genes appeared among
the better in the prediction (Fig. 2). In the prediction
formulae for CDDP sensitivity using expression data of
four known genes, the estimated P for each h p of BCL2 and
VEGF was lower than those of the others (Table 2). These
findings could be interpreted that these genes played a
more important role in the prediction than the other two
genes, because the lower P indicates a lower probability of
obtaining the observation that hP could be 0 in the formula.
Table 1. Selected prediction marker genes
Drug

Gene

Accession no.

Genes known as sensitivity determinants
CDDP
IL6
NM_000600
BCL2
NM_000633
VEGF
NM_003376
ERCC2
NM_000400
Paclitaxel
ABCB1
NM_000927
Genes selected as novel markers
CDDP
MYO5C
NM_018728
SPINK1
NM_003122
ARMCX3
NM_016607
PLEK2
NM_016445
PRSS11
NM_002775
Paclitaxel
TNFSF13B
NM_006573
IFIT3
NM_001549
BTN3A2
NM_007047

Microarray

Real-time RT-PCR

Probability of heterogeneity

r

P

r

P

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

0.806
0.782
0.401
0.403
0.985

<0.0001
<0.0001
0.028
0.027
<0.0001

0.617
0.612
0.734
0.503
0.517
0.663
0.769
0.568

0.0003
0.0003
<0.0001
0.004
0.004
<0.0001
<0.0001
0.001

1.00
0.98
1.00
1.00
1.00
0.98
0.94
0.92

0.964
0.865
0.861
0.810
0.794
0.844
0.806
0.773

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

NOTE: We selected 8 novel genes as the most potent markers using a rank correlation analysis (P < 0.01) and a two-dimensional mixed normal model
(PH > 0.8). All the selected prediction marker genes were confirmed in their correlation of expression level with drug sensitivity through quantitative real-time
RT-PCR. —, not analyzed.
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Table 2. Estimated coefficients (q p ) in in vitro prediction formulae for IC50 (ln[IC50] = x i 1q 1 + x i 2q 2 + . . . + x ip q p + e i )
CDDP
xip

hp

Paclitaxel
P

xip

Formulae using expression data of genes known as sensitivity determinants
ln[IL6]
0.069
0.133
ln[BCL2]
0.393
0.0002
ln[VEGF]
0.834
<0.0001
ln[ERCC2]
0.320
0.111
5.482
ei
Formulae using expression data of genes selected as novel markers
ln[MYO5C]
0.423
<0.0001
ln[SPINK1]
0.141
<0.0001
ln[ARMCX3]
0.133
0.011
ln[PLEK2]
0.124
0.105
ln[PRSS11]
0.126
0.0001
ei
6.262

ln[ABCB1]

hp

P

—

—

—
ln[TNFSF13B]
ln[IFIT3]
ln[BTN3A2]

ei

0.087
0.676
0.323

0.649
0.0001
0.180

3.169

NOTE: Gene names inside brackets indicate the expression level of indicated gene.

prediction formulae using several different sets of marker
genes, including the sets of genes related to sensitivity to
either CDDP or paclitaxel alone, but none of them precisely
predicted PFS of platinum/paclitaxel chemotherapy. The
observed correlation coefficient and AIC per sample in the
fixed formulae indicated that prediction for PFS was more
precise when using a set of 8 novel genes than a set of 5
known genes.
To confirm the predictive accuracy of the fixed formulae,
we examined additional 9 tumor samples: The expression
levels of the 13 selected genes were quantified by real-time

RT-PCR and then PFS was predicted by the developed
formulae using their expression data. Despite the limited
number of samples, the results showed that PFS was reliably
predictable only when using the set of 8 novel marker genes
(Fig. 3).

Discussion
In this study, starting with the hypothesis that expression
analysis of a set of key drug sensitivity genes for platinum
and paclitaxel could allow us to predict therapeutic

Figure 2. Predictive accuracy of the fixed formulae for in vitro sensitivity to paclitaxel and CDDP. Using multiple regression analysis, we developed
formulae to predict the IC50 of each drug using the variable expression data of selected marker genes. A, prediction for CDDP-induced cytotoxicity using a
set of 4 genes selected from genes known as drug sensitivity determinants. B, prediction of drug sensitivity using a set of 5 and 3 genes selected as novel
markers for CDDP and paclitaxel, respectively. In this analysis, 30 independent data sets, expression levels of selected genes, and IC50s for 10 ovarian
cancer cell lines were used. The most suitable model was developed by eliminating the outliers using the value of AIC per sample (AICPS ) and checking
residuals graphically. ., analyzed sample; o, a masked outlier.
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Table 3. Estimated coefficients (q p ) in prediction formulae for clinical response to platinum/paclitaxel chemotherapy (ln[PFS] =
x i 1q 1 + x i 2q 2 + . . . + xipqp + ei )
xip

P

hp

Formulae using expression data of genes known as sensitivity determinants
ln[IL6]
0.203
ln[BCL2]
0.081
ln[VEGF]
0.664
ln[ERCC2]
1.479
ln[ABCB1]
0.337
ei
Formulae using expression data of genes selected as novel markers
ln[MYO5C]
0.300
ln[SPINK1]
0.170
ln[ARMCX3]
0.818
ln[PLEK2]
0.059
ln[PRSS11]
0.495
ln[TNFSF13B]
0.613
ln[IFIT3]
0.843
ln[BTN3A2]
0.340
ei

response to the combination therapy, we selected 5 better
marker genes known to be drug sensitivity determinants
(4 for CDDP and 1 for paclitaxel) and identified another
8 genes as novel potent markers (5 for CDDP and 3 for
paclitaxel). We used statistical analysis based on oligomicroarray expression data, a two-dimensional mixed normal
model, and subsequent real-time RT-PCR. Although the
functional significance of the 8 novel genes in drug
sensitivity was poorly understood, their expression levels
were shown to be more correlative with cellular sensitivities to the two drugs in vitro than those of the 5 drug
sensitivity genes. We then determined expression data of
the selected genes quantified by real-time RT-PCR as
probable predictors and fixed the best linear model, which
examined the variable expressions of the component genes
and arranged them to predict the efficacy of the drugs,
using multiple regression analysis. Expression data of the
three sets of genes (4 known genes for CDDP and 5 and 3
novel genes for CDDP and paclitaxel, respectively) provided prediction formulae for the in vitro activity of CDDP and
paclitaxel and showed the highest fitness. In the same way,
using the same genes selected in vitro, we attempted to
develop prediction formulae for individual clinical response (i.e., PFS) to the platinum/paclitaxel combination.
We constructed several possible formulae using different
sets of 13 selected marker genes and finally found that the
formulae using a set of all of the 8 novel marker genes alone
could accurately predict PFS based on confirmation
analyses of their utilities using additional nine tumor
testing samples.
To develop a precise efficacy prediction model for
chemotherapy, there were two major obstacles (5): Identifying the key marker genes from a large number of
candidates and figuring out their interplay. We believe
we overcome the obstacles by developing a potent model

0.056
0.496
0.001
<0.0001
0.023
6.124
0.224
0.114
0.115
0.843
0.087
0.034
0.096
0.290
6.340

system that can predict the in vitro activity of CDDP and
paclitaxel and clinical response to the combination therapy
with a numerical value of PFS. The potent predictive value
of the fixed formulae indicates that we probably succeeded
in selecting the better prediction marker genes and
precisely estimating their interaction in the expression
levels.

Figure 3. Predictive accuracy of the fixed formulae for clinical response
(i.e., PFS) to platinum/paclitaxel combination chemotherapy. We developed a formula to predict PFS of platinum/paclitaxel combination
chemotherapy in the same way using the same genes selected in vitro .
To construct the formulae, we used 14 tumor specimens as modeling
samples, and another 9 samples were used as testing samples to confirm
the predictive values. The best-fitted prediction model using each set of 5
known drug sensitivity genes (A) and 8 novel genes (B) is shown together
with prediction results in nine testing samples (double open circle ).
Among several possible prediction formulae, the formula using the set of
all of the 8 novel marker genes alone showed the most potent predictive
value.
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Our work provided two sets of potent prediction marker
genes: 5 genes known to be drug sensitivity determinants
and another novel 8 genes. All of the 5 known genes (IL6,
BCL2, VEGF, and ERCC2 for CDDP and ABCB1 for
paclitaxel) were widely recognized as being of key
importance among a variety of drug sensitivity genes for
the two drugs even when used alone (17 – 21). Nevertheless,
the 8 novel genes were more correlative with corresponding drug sensitivity than the 5 known genes in
expression levels, and a combination of the 8 genes alone
could work well in the prediction of clinical response to
platinum/paclitaxel combination chemotherapy. The
8 genes might play more important roles in the druginduced cytotoxicity than the 5 known genes. Their
functions remain little known, but various results suggest
their possible roles in drug sensitivity: TNFSF13B encodes a
cytokine that belongs to the tumor necrosis factor ligand
family and acts as a potent B-cell activator in proliferation
and differentiation (29); the function of IFIT3, an IFNinduced gene, is unknown to date (30); BTN3A2 is a
butyrophilin subfamily associated with T-cell proliferation
and cytokine production (31); the product of MYO5C is
likely to act on actin-based membrane trafficking (32);
SPINK1 encodes pancreatic secretory trypsin inhibitor
(33, 34). Furthermore, ARMCX3 encodes a protein of the
ALEX family, which may play a role in tumor suppression
(35); PLEK2 encodes a membrane-associating protein that
may help orchestrate cytoskeletal arrangement (36, 37);
PRSS11 (HTRA1) encodes HtrA1, a member of the trypsin
family of serine proteases, a possible regulator of the
insulin-like growth factors that have been suggested as
being associated with ovarian carcinogenesis and progression (38). PRSS11 (HTRA1) has also been suggested as a
candidate tumor suppressor gene involved in promoting
serine protease – mediated cell death, and down-regulation
of HTRA1 may contribute to malignant phenotypes in
various cancers, including ovarian cancer (39, 40).
This is the first attempt to use a two-dimensional mixed
normal model in the selection of drug sensitivity determinant genes. The suggested significance of selected genes as
prediction markers and the indicated differences in expression levels were highly confirmative in subsequent real-time
RT-PCR analysis. These findings can be interpreted to mean
that this statistical method will likely work well to identify
novel marker genes from numerous candidates. Even so, the
multifactorial mechanisms of drug sensitivity did not allow
us to predict response to a drug by expression of any single
gene. However, as shown in our previous studies, multiple
regression analysis was promising in developing a sensitivity prediction model of a chemotherapy based on understanding the interaction of a set of key genes in their
expression levels (5). Recently, much attention has been
focused on microarray as a tool of the molecular classification of disease, individual response to drugs, and survival.
There have been several hopeful results in the classification
of disease and patient survival prognosis in ovarian cancer,
but the approach to personalizing therapy has not yet shown
any significant effect (12, 41). Our developed models may

have some advantages in the prediction of drug response,
and we believe that this developmental approach can
contribute to a more accurate prediction model. The
combined use of rank correlation analysis and a twodimensional mixed normal model will, we think, contribute
to improving the heretofore limited utility of microarray
analysis in the selection of significant genes.
Nevertheless, we used a set of genes selected as sensitivity
markers to CDDP and paclitaxel to predict the efficacy of the
two drugs in combination in this work, but the platinum
used in our clinical study was not CDDP but carboplatin.
Although the action mechanism of carboplatin is considered
to be the same as that of CDDP (42), there may be some
differences in the sensitivity determinants between CDDP
and carboplatin. In parallel with the functional roles of the
selected 8 genes in drug sensitivity, the selection of potent
marker genes for efficacy of carboplatin is now in progress.
Expression-sensitivity correlation analyses also need to be
done in the combination setting, although the potential of an
in vitro sensitivity-evaluation model that precisely reflects
clinical response to combination therapy is limited. Furthermore, in the clinical study, the number and the cancer type
(serous adenocarcinoma) of patients were limited. Although
most of the cases (>75%) generally achieve complete response after primary treatment, prediction of tumor response
(regression rate) is also our interests. The set of novel 8 genes
showed the advantage in prediction of PFS for the
platinum/paclitaxel combination, but it is obvious that
practical usefulness needs to be evaluated by a larger prospective study, including patients with clear cell carcinoma
and prediction formulae for tumor regression are eagerly
awaited. We are now planning such a prospective clinical
study along with continuing our search for the functional
roles of the selected 8 genes in drug sensitivity and more
powerful predictive marker genes for drug sensitivity.
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