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library, in combination with next-generation sequencing
technology as the detection platform (Sims et al, 2011), to
identify key subtype-specific regulators of cancer cell prolifera-
tion and/or survival. The relevance of such subtype-specific
targets has been exemplified by ESRI (estrogen receptor «) for
luminal-subtype breast cancers; these cancers share not only
clinical features such as prognosis and the response to
chemotherapy, but also the pattern of gene expression. ESRI
has been used not only for diagnosis but also as a molecular
target to treat cancer patients with this subtype (Howell, 2013;
Sorlie et al, 2001). Importantly, in this study, specific growth
determinants were distinguished amongst the ovarian cancer
subtypes at the genome-wide as well as gene level. This
observation supports the potential for subtype-specific ther-
apeutic options in treating ovarian carcinoma and reinforces
the clinical importance of the classification scheme proposed
in this study.

Although the molecular mechanisms linking TUBGCP4
or NATIO with Stem-A growth remains to be elucidated,
susceptibility to vincristine and vinorelbine underscores the
importance of tubulin polymerization in Stem-A cells. Both
drugs are well-established chemotherapeutic agents that block
cell proliferation by inhibiting microtubule assembly through
its interaction with tubulin heterodimers {Lobert et al, 1996);
however, they are not standard chemotherapeutic reagents for
the treatment of EOC, unlike paclitaxel (Armstrong et al, 2006;
McGuire et al, 1996). The molecules implicated in the tubulin
polymerization pathway may provide us with a potential
platform to more effectively target Stem-A ovarian cancer. As
such, the survival of patients with ovarian cancer could be
improved by the stratification and targeting strategy described
in this study.

MATERIALS AND METHODS

Eligibility criteria and quality control of expression data

in order for our study to make broader generalizations and attain a
larger sample size, reduced eligibility criteria were adopted (George,
1996). Female adult (age >20 years) patients with a clinical diagnosis
of primary or metastatic ovarian cancer were included in our analysis.
We imposed no limit on patient race, pre-treatment history or medical
conditions, or on the stages, grades, and histology of the disease.

To control for the quality of expression data, we checked the quality of
the Affymetrix chips (Affymetrix, Santa Clara, CA) using Bioconductor
AffyQCReport package (Gautier et al, 2004) and the following criteria:
average perfect-match (Neve et al, 2006) intensity, kernel density plot,
GAPDH 3:5' ratio, B-actin 3”:5' ratio, and centre of intensity for
positive and negative controls. All chips passed at least one of the
criteria, and hence, none of the samples was discarded.

Data preprocessing of Affymetrix expression data

Ovarian cancer datasets were downloaded from multiple data
repositories: Gene Expression Omnibus (GEO), Array Express, Expres-
sion Project for Oncology (ExpQ), and The Cancel Genome Atlas (TCGA).
Microarray data on Affymetrix U133A or U133Plus2 platforms were
utilized for the analysis. Robust Multichip Average (RMA) normal-
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ization was performed on each dataset. ComBat (Johnson et al, 2007),
a high precision and accurate technigue for removing batch effect
while conserving meaningful variation (Chen et al, 2011), was
applied for batch adjustment on the compiled, normalized data.
Removal of ovarian cancer cell lines, normal tissues and primary
cultured normal cells from the batch-adjusted data yielded a
dataset of 1538 ovarian tumour samples, predominantly composed
by EOCs (Supporting Information Table 15A). Probes (1185) corre-
sponding to 941 genes (Supporting Information Table 2) were
retained by applying a threshold of standard deviation across samples
>1.05. Expression values of selected genes were normalized and
centred with Cluster 3.0 and further processed for subtype identifica-
tion. An additional validation dataset of 418 samples were similarly
collected and subjected to the same preprocessing procedure.
Clinical information of the validation dataset is given in Supporting
Information Table 15B.

Consensus clustering

CC (Monti et al, 2005) using Gene Pattern software (Reich et al, 2006)
was employed to identify robust clusters corresponding to the distinct
subgroups in EOC. We chose hierarchical clustering with agglom-
erative average linkage, with Euclidean distance and a sub-sampling
ratio of 0.8 for 1000 iterations. The condition of Kmax=18 was
employed, as it gave a reasonable Gini index and purity of ~0.8.
“Other” was used to indicate the unclassified samples not grouped in
any of the five subtypes in the initial CC analysis shown in Fig 1A. They
were not included in following statistical analyses for characterization
of the molecular subtypes.

Univariate and multivariate Cox regression analysis

From 845 samples with overall survival information, we extracted
537 samples from three institutions (GSE3149: 5, GSE9891: 241
and TCGA: 291) with clinical variables (Table 1). This information
was transformed to binary information (presence/absence of a
phenotype) prior to assessment of their prognostic association with
overall survival by Cox proportional hazards regression analysis
(Therneau & Grambsch, 2000). The same procedure was applied
for Cox proportional hazards regression analysis for progression-
free survival. We extracted 518 samples (GSE9891: 199 and
TCGA: 319) from 596 samples with progression-free survival
information. Univariate and multivariate Cox regression were
performed using R (http://www.R-project.org). Multivariate analyses
with clinical variables were conducted independently for each
subtype.

Statistical analysis for clinical parameters

GraphPad Prism was used to examine statistical significance of clinical
stage, primary or metastatic tumours, histological subtypes, or the
malignant potential of each subtype by Fisher’s exact test. For Kaplan—
Meier analyses, the statistical significance was calculated by log-rank
test.

Subtype-specific gene set enrichment

A total of 6898 gene sets were collected (Supporting Information
Table 6). The ss-GSEA score (Verhaak et al, 2010) was computed to
estimate the pathway activity for all 1538 ovarian cancer samples
or 142 cell lines for each gene set. Based on the computed ss-GSEA
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score, a binary comparison was conducted for each subtype to
identify subtype-specific pathway enrichment. Gene sets specifically
and significantly enriched in a subtype were selected using SAM
(FDR g=0) and ROC (ROC > 0.85 as overexpressed gene sets).

Predictive modelling and validation by BinReg

Expression data analysis, based on a binary regression model using the
BinReg ver. 2.0, was described previously (Gatza et al, 2010). BinReg
uses a Bayesian statistical analysis to fit a binary probit regression
model on training data given a set of genes that are most correlated
with the binary response/phenotype of interest (e.g. Epi-A us. Non-Epi-
A). The regression coefficients of these genes indicate the discriminat-
ing power of the genes and are weights for the overall meta-gene
profile. The overall meta-gene profile is used for comparison and
predicts the status of the phenotype of the new sample or dataset. In
this study, we built a binary regression model for each subtype that
singled out a subtype from the rest (ie. Epi-A vs. Non-Epi-A) and
adopted a divide-and-conquer approach for generating signatures for
each of the different subtypes (Supporting Information Figs 7A and B).
Briefly, the top 50 core samples were selected by their highest SW of
all five subtypes, and subdivided into two sets of data: training set A
and training set B. These training sets were utilized to determine
appropfiate parameters (Supporting Informaticn Table 17; Supporting
Information Materials and Methods) for the binary regression model.
Subsequently, the condition was used to predict the remaining
samples by training set A. To predict the status of the phenotype on a
dataset, a Bayesian probit regression model was fit to assign the
probability that the sample exhibited evidence of a phenotype, based
on the concordance of its gene expression values with the signature
(Gatza et al, 2010).

Expression microarrays of cultured cell lines

Most of Duke, Kyoto and Singapore cell lines were derived from an
original collection assembled in a Duke laboratory (Supporting
Information Table 11) (Matsumura et al, 2011). Therefore, expression
data for these 28 cell lines from the collection could be used as
biological replicates. We extracted RNA from 34 cultured EOC cell lines
(ovary1847, JHOS-2, OAW28, OAW42, OV7, OV17R, OV56, Caov-2,
0OV90, OVCA420, OVCA429, OVCA432, OVCA433, OVCAR-2, OVCAR-3,
OVCAR-5, OVCAR-8, OVCAR-10, Caov-3, SKOV-3, UWB1.289,
A2008, EFO-21, C13, OV2008, FU-OV-1, IGROV-1, TOV-112D, A2780,
CH1, DOV 13, TYK-nu, PEO1 and COLO720E) (Methods: Cell line
phenotypes in vitro) and performed expression assays with
Affymetrix Human U133 Plus 2.0 arrays. The data were deposited in
Gene Expression Omnibus (GEO) with the accession of GSE28724.
Details of the EOC cell lines are given in Supporting Information
Table 11.

Cell line phenotypes in vitro

Cell lines were cultured in RPMI 1640 media (Invitrogen, Carlsbad, CA)
with 10% foetal bovine serum (#51810-500; Biowest, Nuaillg,
France). Measurements of population doubling time and colony
formation assays in methylcellulose were described previously (Huang
et al, 2008; Liu et al, 2008a; Matsumura et al, 2011; Mori et al, 2009).
Mann-Whitney U-test of GraphPad Prism was used to statistically
evaluate the numerical values for the cell line phenotypes across the
subtypes.
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Lentivirus library infection and shRNA retrieval by PCR of the
genomic DNA

Fourteen cell lines representing Epi-A, Mes or Stem-A were chosen
based on the SW for the subtype signature so as to have “more
representative” cell lines for a given subtype, and these cell lines were
used for shRNA screening. We used a pooled library of shRNA-
expressing lentiviruses (80,000 clones targeting 16,000 genes per
library, TRC1.0, #CSTVRS; Sigma-Aldrich, St Louis, MA). Optimal
lentiviral infection conditions achieved a multiplicity of interest
(MOI) of 0.3 to ensure the highest probability of having single ShRNA
integration into the host genome in each cell (Luo et al, 2008).
Each lentiviral vector encodes each shRNA expression cassette with
the puromycin resistance gene, allowing the use of puromycin to
isolate stable integrants. Under selection pressure from puromycin
(5 pg/ml), infected cells were allowed to propagate for ~14 days (~4
or 5 passages), whereby cells expressing shRNA that silence genes that
were required for and known to suppress cell growth were depleted
from and enriched in the culture, respectively. Hence, the abundance
of each ShRNA (=shRNA copy number) is reflective of the effect of an
shRNA on cell growth. At the endpoint of the incubation, genomic DNA
was harvested from the resulting cells by Purelink Genomic DNA kits
(#K1820-01, Invitrogen). The integrated shRNA sequences were
retrieved from the genomic DNA (100 ng) by PCR amplification using
vector primers (ShRNA Forward Primer: 5’'-atcttgtggaaaggacgaaac-3’
and shRNA Reverse Primer: 5/-tactgccatttgtctcgaggt-3°) with KOD Plus
ver. 2 (#KOD-211, Toyobo) and 28-32 cycles of 98°C for 105, 56°C for
305, and 68°C for 1 min. Products were purified with QIAQuick PCR
Purification Kit (#28106, Qiagen, Hilden, Germany).

Next-generation sequencing analysis by Solexa to count copy
numbers of individual shRNAs

Amplified DNA (20 ng) from PCR was used to construct a sequencing
library using a ChiP-Seq sample preparation kit (#IP-102-1001,
lllumina, San Diego, CA). The two sample-multiplexing sequencing
method was used individually, with multiplexing index 6 and index 12
primers for each sample (lllumina, #PE-400-1001). Constructed
libraries were subjected to a final size-selection step on a 10% Novex
TBE gel (#EC6275BOX, Invitrogen, Carlsbad, CA). DNA fragments of
205 bp were excised, recovered and quantified following Illumina’s
gPCR quantification protocol and guides. Quantified libraries were
then sequenced on the Genome Analyzer lix (lllumina) using the
multiplexing single-end sequencing protocol at a length of 58 + 7 bp
(#PE-400-2002, llumina). Image analysis and base calls were
performed using the default settings. After stripping off the PCR
primer sequences, reads were then aligned to the shRNA library using
Bowtie with the specified settings: —solexal.3-quals -n 0-15-v0 -k 1 -
m 1-best —strata -y —nomaground. The data were deposited in GEO
with the accession of GSE45420.

Statistical identification of the functionally relevant genes in

a subtype-specific manner

Using reads with a perfect match to the reference sequences (Sigma-
Aldrich), copy number was counted and normalized by total number
of reads in a sample. RNAi gene enrichment ranking (RIGER) was used
to find phenotype-specific, functionally relevant genes from the scale-
normalized copy number count data (Luo et al, 2008). Among 80,000
hairpins included in the library, next-generation sequencing analyses
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detected 60,002 and 65,533 shRNA hairpins in two independent
screenings and 57,168 hairpins were intersected in both results. We
compiled and subsequently standardized these two datasets by
ComBat (johnson et al, 2007). Binary comparisons were performed on
the three subtypes (e.g. Epi-A subtype versus the others). We adopted
the signal-to-ratio as the metric for ranking hairpins, 1000 as the
number of permutations, and Kolmogorov—Smirnov in the RIGER
settings. The false discovery rate was computed using the Benjamini
and Hochberg procedure. Genes were considered significant at
g < 0.005 in Fig 3B or g < 0.03 for the validation study. For heatmap
presentation, we retained the hairpins with a hairpin score >0.2.

Validation of functional determinants in cell growth of
Stem-A cell lines by siRNAs

We selected 135 genes as Stem-A-specific growth-promoting genes
for further validation via siRNA transfection from the top hit gene list
from RIGER analysis of shRNA lentivirus screens (q<0.03). The
validation experiments were performed via a process consisting of four
steps (Fig 3C). Dharmacon SMART pool sSiGENOME siRNA (1st and 2nd
steps) and Dharmacon SMART pool ON-TARGETplus siRNA (OTP; 3rd
and 4th steps) formats (Thermo Fisher Scientific, Lafayette, CO) were
used to validate the effect of gene knockdown on cell growth of
ovarian cell lines (Fig 3C). PA-1 (1st, 2nd, and 3rd steps) and CH1,
A2780 and OVCAR-3 (4th step) were used as representative cell line(s)
for the Stem-A subtype. As reference(s) for the subtype, HeyA8 (1st
step), HeyA8 and OVCA433 (2nd and 3rd steps), OVCA429, PEO1L,
ovaryl847, SKOV-3 and HEY (4th step) were used (Fig 3C). Cells were
reverse-transfected with each individual siRNA per well in a 96-well
format in the following conditions: OVCA433, 2500 cells with 0.3 pl of
DF1 (T-2001); HeyA8, 800 cells with 0.08 ul of DF4 (T-2004); PA-1,
1200 cells with 0.22 wl of DF2 (T-2002); OVCA429, 1500 cells with
0.22 pl of DF4 (T-2004); PEO1, 4000 cells with 0.24 ul of DF4 (T-
2004); ovary1847, 2500 cells with 0.12 wl of DF2 (T-2002); SKOV-3,
2500 cells with 0.12 wl of DF2 (T-2002); HEY, 1000 cells with 0.08 pl
of DF4 (T-2004); CH1, 1800 cells with 0.17 wl of DF4 (T-2004); A2730,
2000 cells with 0.16 pl of DF1 (T-2001); OVCAR-3, 4000 cells with
0.2 pl of DF3 (T-2003, Thermo Fisher Scientific). We used two negative
controls for Dharmacon SMART pool siGENOME siRNA transfection
(#D-001206-13-20 and #D-001206-14-20), and one negative
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control for Dharmacon SMART pool ON-TARGETplus siRNA transfection
(#D-001810-10-20). Assays were performed in quadruplicate. After
96-h incubation, an MTS assay was used to measure cell growth using
a CellTiter 96 AQueous Non-Radioactive Cell Profiferation Assay
following the manufacturer's recommendations (#G5430, Promega,
Madison, WI). Genes were considered as Stem-A-specific growth-
promoting genes when their down-regulation caused >20% growth
suppression on the Stem-A cell line (p < 0.001), and showed >20%
more growth suppression on the Stem-A line than on the reference
cell lines.

Cell line drug sensitivity in vitro

Eighteen ovarian cancer cell lines (12 non-Stem-A: OVCA433,
OVCA429, OVCAR-8, PEO1, OVCA432, OVCA420, HeyA8, HEY, HeyC2,
SKOV-3, ovary1847 and DOV 13; 6 Stem-A: PA-1, CH1, A2780, OVCAR-
3, SKOV-4 and SKOV-6) were tested for their sensitivity to paclitaxel,
vincristine and vinorelbine, as described previously (Bild et al, 2006).
Paclitaxel (#T7402), vincristine (#V8879) and vinorelbine (#V2264)
were purchased from Sigma-Aldrich. Cells were seeded in 96-well
plates at an optimal density, which was determined for each cell line
to ensure that it reached 80% confluency by the end of the assay.
Following an overnight incubation, cells were treated with nine
concentrations of each drug (twofold dilution series over a 128-fold
concentration range) for 48 h. The percentage of the cell population
responding to the drug relative to the negative controls was measured
using a CellTiter 96 AQueous Non-Radioactive Cell Proliferation Assay,
following the manufacturer's recommendations (#G5430, Promega).
Dose-response curves were plotted using GraphPad Prism, to derive a
growth inhibitory concentration of 50% (GI50; drug concentration for
50% growth inhibitory effects on cells) for each cell line in at least
three independent experiments. Mann-Whitney U-test of GraphPad
Prism was used to statistically evaluate the averaged GI150s between
non-Stem-A and Stem-A cell lines.

Western blotting analysis

Total cell lysates were prepared by direct lysis with RIPA buffer
(#R0278, Sigma-Aldrich), supplemented with protease inhibitor
cocktail (#539134, Calbiochem, Boston, MA). Protein concentrations
were determined using BCA protein assay (#23225, Thermo Scientific,
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Rockford, IL). Electrophoresis of the cell lysates were carried out with a
BioRad Mini Protean Il apparatus and transferred onto PVDF
membranes (#I1PFLO0010, Millipore, Billerica, MA) with a BioRad Mini
Trans-Blot apparatus, following the manufacturer's recommendations.
Membranes were immunoblotted with primary antibodies directed
against PARP (#9542, Cell Signaling, Danvers, MA), Caspase-3 (#9662,
Cell Signaling) or B-actin (#A1978, Sigma-Aldrich), followed by
immunoblotting with secondary IRDye 800CW conjugated goat
anti-rabbit (#926-32211) or IRDye 680 conjugated goat anti-mouse
antibodies (#926-32220, LI-COR Biosciences, Lincoln, NE). The
western blots were scanned using an Odyssey Infrared Imaging
System from LI-COR Biosciences.
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el of cell lines. Gene expression data were analyzed using Bayesian binary regression,

erate a response signature for each drug, then to calculate individual susceptibility

candidates, cell proliferation, apoptosis, and caspase assays were performed in vitro.
growth-inhibitory effect of the candidate was also assessed in vivo using nude mice.
Through microarray analysis, Fludarabine and Temsirolimus showed higher
ility scores in high grade cases compared with cisplatin, doxorubicin, and paclitaxel.
nificantly inhibited cell proliferation and increased apoptosis in the cisplatin-
dometrial cancer cell line, HEC1A, relative to HEC50B (p<0.001). Fludarabine
enﬁ Iso enhanced Caspase 3/7 activity in HEC1A relative to HEC50B cells (p<0.001), and
the growth of HEC1A xenograft tumors relative to cisplatin (p<0.05). Conclusions:
results support that identification and use of genomic signatures can lead to identification
of new therapeutic candidates that may prove beneficial to chemo-resistant cases. Fludarabine

useful in targeting high grade, chemo-refractory endometrial cancer.
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dometrial cancer is the leading cause of gynecologic malignancy with 43,470

estimated. cases diagnosed per year and 7,950 annual death in the United States, respectively
isting of 6% of new cancer cases and 3% of all cancer deaths, and disease incidence has

been steadily increasing" 2. The majority of endometrial cancers, more than 80%, are diagnosed

at . stage with the disease located within the uterus. When diagnosed at an early stage,
irgery is frequently curative enough to be associated with a favorable prognosis. In

, extra-uterine spread of cancer cells profoundly impacts patient prognosis as previous

studies revealed high hazard ratios for stage III and stage IV compared with stage I disease’.

d papillary serous carcinomas of the uterus are associated with aggressive behaviors,
eve early stage, with five year survival between 60-66%>. Besides staging and histology,
ological factors, such as tumor grade, depth of invasion, and lymph vascular invasion
own to determine the pfognosis of each patient with an aggressively metastatic

Recently, adjuvant chemotherapy has been introduced after primary surgery as part

lure of primary chemotherapies, as the response rate to paclitaxel was at most 25% for

recurrent patients previously treated with doxorubicin and cisplatin®. With the objective of

John Wiley & Sons, Inc.
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he prognosis of those with high-risk disease, it is essential to identify candidate
‘agents that are effective against patients with resistance to conventional
otherapies (chemo-refractory tumors), or supportive agents that increase sensitivity to
pri;nary chemotherapies.

Identification of effective second-line agents for chemo-refractory cancers has been a
sought goal, and over the past few years various new cytotoxic agents have been
d for the treatment of malignancies. Clinical trials for endometrial cancer have also
: been conducted using drugs identified as effective for other solid malignancies,
y ovarian cancer. However, these trial-and-error approaches to drug mining are

inefficient for this heterogeneous entity “endometrial cancer”, and have mostly failed. To

efficacy of second—line‘chemotherapy, individualized therapy will be necessary based

bioinformatics approach to demarcate that fludarabine had potential efficacy in chemo-refractory

endometrial cancers. Furthermore, we performed several in vifro and in vivo approaches using

end ial cancer cell lines to demonstrate that fludarabine may be a potential alternative

or chemo-refractory endometrial cancers.

John Wilsy & Sons, Inc.
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Cell lines and culture.

endometrial cancer cell lines, AN3CA, HEC1A, HECI1B, KLE, RL95-2, TEN

ockville, MD), ACC230, ACC564 (DSMZ, Brunswick, Germany), HHUA, Ishikawa,
JHUEM-2, JHUEM-3, JHUEM-7, JHUEM-14, Sawano (RIKKEN BRC, Tsukuba,
HEC50B, HEC108, HEC265, SNG-M (JCRB, Osaka, Japan), were maintained in
(Nikken, Kyoto, Japan) or DMEM/Ham’s F12 (Invitrogen, Carlsbad, CA)
d- with 10% heat-inactivated fetal bovine serum (v/v; Biowest, France) and
treptomycin (100 IU/ml penicillin, 100 pg/ml streptomycin; Nacalai Tesque, Kyoto,
1 cells were seeded into Cellstars® tissue culture plates (Greiner, Frickenhausen,

nd used for experiments after 18hr incubation.

owing the manufacturer’s instructions, a SmM stock solution of fludarabine (Alexis

cals, San Diego, CA) was prepared in cold sterile water and stored at -20° C. Fresh

John Wiley & Sons, Inc.
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ions were used for each experiment. A 3.33mM stock solution of cisplatin (Sigma

t Louis, MO) was also prepared in sterile water following the manufacturer’s

itics Analyses.
[otal RNA was extracted from cell lines using the RNeasy® Mini Kit (QIAGEN, Valencia,

Egene expression microarray data (Affymetrix U133 Plus 2.0) were generated in

. L 10, 11
de reviously” ' ',

Genomic signatures of drug susceptibility were generated using

iferation Assay.
A, HEC1A, and HEC50B cells were seeded into 96-well tissue culture plates at 2x10°

cells per well. The cell culture medium was replaced with fresh medium containing 0, 10, 25, 50,

John Wiley & Sons, inc.
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or 500uM fludarabine and incubated for 24hr. The number of viable cells in each well

ed using the WST-1 assay kit (Premix WST-1®, Takara, Otsu, Japan) following the

, Inc.) and SuL of annexin-V were added to the tubes and incubated for 10 minutes at

dark. Cells were washed with 500pL of 1x annexin-V binding buffer and then

3CA, HEC1A, and HECS50B cells were treated with medium containing 0, 25, 50, or

100uM fludarabine for 24hr. Cells were lysed in radio-immunoprecipitation assay (RIPA) buffer

John Wiley & Sons, Inc,
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(T isher Scientific, Waltham, MA) with a protease inhibitor cocktail (EMD, Madison,
phosphatase inhibitor cocktail (Nacalai Tesque). Protein was quantified using the DC
y Kit (Bio-Rad, Hercules, CA). Twenty micrograms of sodium dodecyl sulfate
ted protein was loaded onto a 10-20% Tris-Tricine Mini Protean® gel (Bio-Rad). Gels

roblotted onto polyvinylidene fluoride (PVDF) membranes (Bio-Rad). Nonspecific

binding of the antibody was blocked by lhr incubation at room temperature in Blocking One-P

aiti-human P-actin antibody (1:8,000; Rabbit mAb, Abcam, Cambidge, MA). Specific
re detected using ECL Plus Western Blotting Reagent (GE Healthcare Life Sciences).
bands were visualized using Molecular Imager® Gel Doc™ XR+ and ChemiDoc™ XRS+

mage Lab 2.0 software (Bio-Rad).

1 RNA was extracted from cell lines using the RNeasy® Mini Kit (QIAGEN). To
ne expression, quantitative reverse transcriptase (RT)-PCR amplification of human
Caspa 3a, Caspase 3B, and GAPDH mRNAs was done by Light Cycler 480-II (Roche, Basel,
d) using a Dual Color Hydrolysis Universal Probe System (Roche). The following

primers which were obtained from the Universal Probe Library Assay Design Center (Roche)

John Wiley & Sons, Inc.
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W r analysis: Caspase 3o, 5°’-CTG GTT TTC GGT GGG TGT-3" (forward), 5’-CCA

' TTT CAG TGT TCT CC-3’ (reverse); Caspase 3P, 5°’-TGG AAT TGA TGC GTG

John Wiley & Sons, Inc.
48



International Journal of Cancer Page 10 of 3

. Probability values below 0.05 were considered significant.

ignificance of current chemotherapy in the treatment of endometrial cancer

ical features of the 262 patients studied here are listed in Table 1. Forty-three patients

exhibited progression or recurrence of the disease (PD). Clinicopathological analysis revealed
own prognostic factor including advanced stage, outer-half myometrial invasion,
lym: cular space invasion, and histological grade showed significant differences both in
terms of the rate of PD and in the overall survival of patients (OS). Based on the prognostic risk
classification, eighty-six patients were categorized as “low-risk” without any PD. Three out of

“intermediate-risk™ patients recurred, but there was no significant difference in OS

ith “low-risk” patients, while “high-risk” patients exhibited higher PD and poor OS

Suppl. Fig.1). PD was significantly lower among patients who received
apies with cisplatin+doxorubicin and paclitaxel+carboplatin in the “intermediate-risk™

5, Table 2), while not in the “high-risk” group (p=0.72).

itivity Prediction from the NCI160 Data.

irst step toward identifying compounds that exhibit efficacy toward chemoresistant
al cancer cells, we queried the NCI-60 database for the 50% Growth Inhibitory doses

(GI50) of conventional chemotherapeutic agents including cisplatin, paclitaxel, and doxorubicin.

John Wiley & Sons, Inc.
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GI were normalized (see Methods) and visualized using a heatmap. Based on this
on, normalized GIS0 values > 0.04 were colored in red or orange and 0.04 was thus
d as a threshold for sensitivity (Fig. 1A). By this criterion, 24 of 62 cell lines (39%)
tant to cisplatin, doxorubicin, and paclitaxel, and this rate, 39%, was very close to the
essive disease (PD, 44%) among the “high-risk” patients in our clinical data.

ly, the GIS0 values were obtained from the NCI-60 database for another 24 commonly

therapeutic agents for the 24 chemoresistant cell lines. An unsupervised hierarchical

ral cell lines, but fludarabine appeared to effectively target ten out of these 24

stant cells.

John Wiley & Bons, Inc.
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and temsirolimus, as representative molecular targeting drugs from cluster 2; these

> chosen as representative drugs for each sub-cluster based on chemo-signatures for the

expression microarray analysis was performed in 20 endometrial cancer cell lines, and

the drug-susceptibility signatures of conventional chemo-agents were applied to predict the
of each cell line. There was a statistically significant correlation between cisplatin

ues of 37 ovarian cancer cell lines'® and cisplatin sensitivity probability scores derived

John Wilsy & Sons, Inc.
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gctivities of fludarabine in vitro.

he cytotoxic effect of fludarabine was examined using proliferation assays. AN3CA,
and HEC50B were exposed to fludarabine (from 0 to 500uM) for 24hr. There were
dose-dependent growth-inhibitory responses in the AN3CA and HECIA cells (p<0.01), and
an 90% growth abrogation was observed in HEC1A cells at 500uM (p<0.001). There
mnificant difference in proliferation following fludarabine treatment for the HEC50B
dose (Fig.3A).

nve stigate the growth-inhibitory mechanism of fludarabine in endometrial cancer cells,
Annexin-V/7-AAD apoptosis assays were performed using flow cytometry. After 24hr exposure
ne, apoptosis in AN3CA and HECIA cells was increased in a dose-dependent
ith 20% and 25% of the cells undergoing apoptosis following treatment with 100uM
fu

ine (Fig.3B). Conversely, no induction of apoptosis was observed in the HEC50B cells.

ine-induced caspase-3 activity.

John Wiley & Sons, inc,
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Suppl. Fig.2B). Next, Caspase 3/7 activity was assessed using a luminometer to

investigate whether or not the up-regulation of Caspase-3 expression in fludarabine-treated cells

n that observed in HEC50B cells (p<0.001, Fig.3C). The AN3CA cells also showed

luminescence but the slope of the increase was lower than that in HEC1A cells.

eously-inoculated HEC1A, AN3CA, and HECS50B xenografts in CD-1 Foxn/Nu
m or growth was completely inhibited by cisplatin in mice inoculated with AN3CA cells,
co ith the high probability of cisplatin-sensitivity predicted from the microarray
sis (2<0.05, Fig.3D). Growth inhibitory effects of fludarabine were not evident in AN3CA-

inoculated mice, and there was no therapeutic effect of cisplatin or fludarabine on tumor growth

inoculated mice. On the other hand and also consistent with the predicted sensitivity,

dometrial carcinoma is frequently diagnosed at an early stage, at which point it is
irgically curable. Surgical treatment includes hysterectomy, bilateral salpingo-
y, and staging lymphadenectomy which is a controversial but still common

procedure in treating endometrial cancers. Adjuvant therapies to prevent relapse are mainly
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