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co of platinum and doxorubicin or taxane, and are used for the patients bearing tumors
sive features such as pathologically high grade, invasion into the outer myometrium,

lymphovascular space or cervix, and extrauterine spread'® 'Y, As shown in Table 2, the tumor

recurrence, rate in the group of intermediate-risk patients was significantly diminished by

latin-paclitaxel regimen was previously reported as a well-tolerated and active

t provides a median time to progression of 13 months and a median overall survival

proved treatment strategies is urgently required to improve therapeutic benefit for

h high-risk or recurrent disease.

potent anti-cancer drugs'" 16.17 Endometrial cancers are heterogeneous tumors that

d into several types based on histological differentiation, and etiologic heterogeneity
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11, especially within endometrioid adenocarcinoma. Thus efforts have been made to

molecular-based classifications which may help in understanding the differences in
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ndometrial cancers. Considering our analysis, temsirolimus may be effective in a

lysis for histology even when the results of primary endpoint analysis for the entire

ation. might be negative. In endometrial cancers, loss of PTEN correlates with poor
outcomes °, and cell lines with little or no PTEN are preferentially sensitive to temsirolimus as
There are no reports showing interaction between the mTOR pathway and p53
n serous endometrial cancers, but up-regulation of mTOR is observed in invasive

cer accompanied by deletion or mutation of p53 %

, which suggests that temsirolimus,
TOR inhibitor, might be useful in serous endometrial cancers in which p53 is frequently
mutated.
analyzing the complexity of the genomic signatures from the cell lines, fludarabine
edicted as a potential candidate for chemo-refractory high-grade cases. Among seven
en

trial cancer cell lines that were resistant to cisplatin, doxorubicin, and paclitaxel, five of

these celllines exhibited favorable probability of sensitivity to fludarabine; while only three of

those .seven exhibited a favorable probability score of sensitivity to temsirolimus (Suppl. Table

(PNAs)-plays an important role and have had a substantial impact on the treatment of cancer’ .

F1 ine is a purine analog that has demonstrated significant activity in B-cell malignancies,
CLL and indolent non-Hodgkin’s lymphoma. Fludarabine is converted intracellularly
ve metabolite F-ara- ATP, which inhibits DNA as well as RNA synthesis, resulting in

f growth arrest and apoptosis™. A single case report in the 1980s failed to show
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r recurrent endometrial cancers® , but as the number of cases was small and tumor
was varied, it is hard to determine efficacy in high-grade tumors from this report. Our
y analysis for gene expression implies “purine metabolism” is augmented in G3 and

serous endometrial cancers compared with G1 and G2 (data not shown), which is supportive of

rediction on fludarabine-efficacy toward G3 and serous cases.
he exact mechanism of apoptosis induction by F-ara-A in proliferative and quiescent cells

en completely clarified although purine nucleoside analogs are reported to activate d-

dent caspase pathways®®. In order to investigate the cytotoxic effect of fludarabine, in
iferation assays were done on three endometrial cancer cell lines, which were chosen as
representative cell lines according to their probability of sensitivity to conventional chemo-

described in the methods. As shown in Fig.3, fludarabine has a cytotoxic effect on

r, dose, it may be that drug delivery to the tumor tissue in vivo was not as effective.
e, Caspase-3 expression was increased, suggesting the possibility that this

tion may play a role in determining susceptibility to fludarabine despite the belief that

(]
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expression of Caspase-3 is not usually considered significant in apoptosis. These

iy imply the existence of an unknown mechanism(s) enhancing the efficacy of

in each tumor.

s study, we have used a pharmacogenomics approach with drug-specific signatures as
eted method to identify new candidate drugs with potential efficacy against chemoresistant
cancers. Through array-based analysis, fludarabine as well as temsirolimus were
identified as candidate chemotherapeutic agents for chemo-refractory endometrial cancers. This
on was confirmed both in vitro and in vivo. Although further study is warranted,

fludarabine may prove beneficial as an addition to the treatment strategy for managing high-risk

cancers.
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iffectiveness of chemotherapy was evaluated in each risk group using Fisher’s exact test.

le 1 Normalized G150 values of 27 drugs from 62 cancer cell lines

50 values of 27 drugs from 62 cancer cell lines (source: NCI60 data) were normalized

ian-centering method in Clustering 3.0 software, as described previously''.

Table 2 Drug sensitivity probability scores of 20 endometrial cancer cell lines.

ession microarray analysis was performed in 20 endometrial cancer cell lines, and
sceptibility signatures for the conventional chemotherapeutic agents were applied to
predi e probability of sensitivity of each cell line. Numbers in each box indicate the

score of response.
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Fi 'l ends

50% Growth Inhibitory Doses (GI50) of Anti-cancer Drugs in the NCI60 Dataset in
- Chemoresponsiveness.

cell lines were aligned according to their normalized GIS0 values for cisplatin,
bicin, and paclitaxel, shown in the top panel. Most (84.63%) of the normalized GI50
anged between 0.15 (red) and -0.15 (blue). Dark red and dark blue at the extreme
the color bar represent values >0.15 and <-0.15, respectively. (S: Sensitive; R:

stént; threshold indicates the value (0.04) above which cells were considered as chemo-

24 chemoresistant cell lines in panel A, GI50 values were obtained for an additional
nonly-used chemotherapeutic agents. Unsupervised hierarchical clustering produced

clusters; cluster 1 contains anti-cancer drugs; cluster 2 contains molecular targeting

d susceptibility of chemo-agents in endometrial cancers in vivo.

ic signatures of susceptibility were generated using Bayesian binary regression from
the NCI60 gene expression data, and applied to microarray data from endometrial cancers in
9 for predicting the probability of sensitivity to cisplatin, doxorubicin, and paclitaxel.
susceptibility signatures were also developed for fludarabine, Ara-C, and irinotecan as
éntative anti-cancer drugs from cluster 1, and for temsirolimus, gefitinib, and sunitinib
esentative molecular targeting drugs from cluster 2. The probability of sensitivity (y-

a

n a scale of 0-1, with 0 indicating high probability of resistance and 1 indicating high

probability of sensitivity) to the three conventional chemotherapeutic agents was not superior
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grade 3 endometrioid adenocarcinoma and serous papillary adenocarcinoma to those in

éde endometrioid adenocarcinoma. On the other hand, the probability of sensitivity to
rabine was significantly higher in grade 3 and serous and for temsirolimus was
antly higher in serous (p<0.001 and p<0.05, respectively).

(C) Gene expression microarray analysis was performed in 20 endometrial cancer cell lines, and
1rug-51;1sceptibility signatures for the conventional chemotherapeutic agents were applied to
the probability of sensitivity of each cell line. Numbers in each box indicate the

jlity score with colors indicating probability of response.

Fig.3 C’ytdioxic activities of fludarabine.

totoxicity of fludarabine was measured using WST-1 cell proliferation assays. There
'{owth-inhibitory responses in AN3CA (green) and HEC1A (blue) in a dose-dependent
r (p<0.01), while this response was not significant in HEC50B (red).

(B) Apoptosis induction following fludarabine treatment in HEC1A, AN3CA, and HEC50B

The apoptotic effect of fludarabine was measured using the Annexin-V/7-AAD
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(»<0.05). Tumor growth in HEC1A inoculated mice was significantly inhibited by

bine (p<0.05).

ig. 1 Survival analysis of patients bearing endometrial cancer.

yer analysis of overall survival was performed for 262 patients who were treated
4-2011 in Kyoto University. The survival curves were compared among low-risk

), intermediate-risk (blue, n=92), and high-risk (red, n=94) patients.

Fig.2 Caspase 3 protein induction by Fludarabine treatment.
(A) Expression of Caspase 3o, and Caspase 3p mRNA level on AN3CA, HECIA, and HEC50B

ated with fludarabine. Expression is shown normalized to GAPDH as measured by

ression of Caspase 3 protein and Cleaved Caspase 3 protein in AN3CA, HEC1A, and

11 lines treated with fludarabine and examined by Western Blotting.
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