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gawa et al., in press). We suggested that the splice pattems of
this molecule might affect the subcellular localization, al-
though the mechanisms controlling the splicing process
remained unsolved. Thus, the significance of its nuclear-
cytoplasmic localization in tumor cells is still controversial.

In the present study, we collected esophageal cancer
cases with reference to normal mucosa to focus on the
contribution of TAPs to the progression of esophageal cancer
from normal squamous epithelia. The overall level of
expression of survivin was relatively high in the cancer
tissue compared with adjacent normal mucosa. Immunos-
taining revealed that survivin was mostly localized to the
cytoplasm but in some cases to the nucleus. The expression
of other [APs including clAPI, cIAP2, NAIP and XIAP, all
of which appeared to suppress apoptosis by inhibiting
caspase and procaspase (Duckett et al., 1996; Liston et al.,
1996; Rothe et al.,, 1995; Roy et al, 1997), was also
demonstrated in these samples and the significance of IAP
family proteins in the pathogenesis as well as the biological
character of esophageal cancer was discussed.

Materials and methods
Patients

Formalin-fixed paraffin-embedded samples from 34
patients with esophageal cancer were collected. In 10
patients, fresh frozen samples were also prepared for the
mRNA analysis. Basically, central portions of tumor that
consisted dominantly of carcinoma cells were taken for the
analysis just after operation. At the same time, adjacent
tissue samples from the normal esophageal mucosa were
also collected. Age distribution and gender of the patients
were as follows: for formalin-fixed subjects, median of age,
65; minimum 54, maximum 87; 32 male and 2 female
patients, and for fresh frozen subjects, median of age, 66;
minimum 51, maximum 74; 9 male and 1 female patients,
All of the patients did not receive radiotherapy nor chemo-
therapy before the operation, The procedures followed were
in accord with the ethical standards established by the ethics
committee of Tokyo Medical and Dental University.

Preparation of RNA and quantitative assay for IAP family
proteins using TagMan RT-PCR

The RNA was extracted from frozen esophageal sam-
ples from normal mucosa and cancer tissue using an
RNeasy Mini Kit (Qiagen, Valencia, CA} according to
the manufacturer’s directions. For quantitative RT-PCR,
fluorescent hybridization probes and the TagMan PCR
Core Reagents Kit with AmpliTaq Gold (PerkinElmer
Cetus, Norwalk, CT) were used with the ABI Prism
7900HT Sequence Detection System (PerkinElmer, Foster
City, CA). Oligonucleotides as specific primers and Tag-
Man probes for the IAP family and glutaraldehyde-3-

phosphate dehydrogenase {(GAPDH) mRNA were synthe-
sized at a commercial laboratory {PerkinElmer Cetus). The
primers and TaqMan probes were as follows. The sequence
of ‘the forward primer for survivin mRNA was 5'-
TGCCTGGCAGCCCTTTC-3' and that of the reverse
primer, 5'-CCTCCAAGAAGGGCCAGTTC-3; the Tag-
Man probe was 5'-CAAGGACCACCGCATCTCTA-
CATTC-¥. For clAPl mRNA, the forward primer was
5-CAGCCTGAGCAGCTTGCAA-3" and the reverse
primer, ¥-CAAGCCACCATCACAACAAAA-TY; the Tag-
Man probe was 5-TTTATTATGTGGGTCGCAATGAT-
GATGTCAAA-Y. For cIAP2 mRNA, the forward primer
was 5'-TCCGTCAAGTTCAAGCCAGTT-3' and the re-
verse primer, 5-TCTCCTGGGCTGTCTGATGTG-3; the
TagMan probe was §-CCCTCATCTACTTGAACAGC-
TGCTAT-3’. The forward primer for NAIP mRNA was
5-GCTTCACAGCGCATCGAA-Y and the reverse primer,
5'-GCTGGGCGGATGCTTTC-¥; the TaqMan probe was
5'-CCATTTAAACCACAGCAGAGGCTTTAT-3. The for-
ward primer for XIAP mRNA was 5-AGTGGTAGTCC-
TGTTTCAGCATCA-3' and the reverse primer, §'-
CCGCACGGTATCTCCTTCA-Y,; the TagMan probe was
5-CACTGGCACGAGCAGGGTTTCTTTATACTG-3.
The forward primer for GAPDH mRNA was 5¥-GAAGGT-
GAAGGTCGGAGT-3 and the reverse primer, 5'-GAA-
GATGGTGATGGGATTTC-3’; the TagMan probe was 5'-
CAAGCTTCCCGTTCTCAGCC-3. Conditions for the
one-step RT-PCR were as follows: 30 min at 48°C (stage
1, reverse transcription), 10 min at 95°C (stage 2, RT
inactivation and AmpliTaq Gold activation) and then 40
cycles of amplification for 15 s at 95°C and 1 min at 60°C
(stage 3, PCR). The expression of survivin and other IAP
family proteins was quantitated according to a method
described elsewhere (Nakagawa et al., in press). Briefly,
the intensity of the reaction was evaluated from the quantity
of total RNA in Raji cells (ng) corresponding to the initial
number of PCR cycles to reveal the linear increase in
reaction intensity (threshold cycle) for each sample on a
logarithmic standard curve. Data on the quantity of RNA
{ng) for the IAP family were normalized using the data for
GAPDH in each sample.

Identification of apoptotic cells

To identify apoptotic cells, the terminal deoxy-transferase
(TdT)-mediated dUTP nick-end labeling (TUNEL) method
was used as described previously (Kitagawa et al.,, 1998).
Briefly, tissue sections were deparaffinized and incubated
with proteinase K (prediluted, DAKO, Glostrup, Denmark)
for 15 min at room temperature. After a washing, TdT,
fluorescein isothiocyanate (FITC)-dUTP and dATP (Boeh-
ringer Mannheim, Mannheim, Germany) were applied to the
sections, which were then incubated in a moist chamber for
60 min at 37°C. Anti-FITC-conjugated antibody-peroxidase
(POD converter, Boehringer Mannheim) was employed for
detecting FITC-dUTP labeling, and color development was

- 270 -



T. Nemoto et al. / Experimental and Molecular Pathology 76 (2004) 253-259 255

achieved with DAB containing 0.3% hydrogen peroxide
solution. Sections were then observed under a microscope
and the proportion of TUNEL-positive cells was determined
by dividing the number of positively stained cells by the total
cell number (counting mere than 1000 cells).

Immunohistochemistry for survivin

Tissue sections (4 pm thick) of formalin-fixed, paraffin-
embedded esophageal samples from cancer tissue and
normal mucosa were cut on slides covered with adhesive.
Sections were deparaffinized, and endogenous peroxidase
was quenched with 1.5% hydrogen peroxide in methanol for
10 min. Primary antibody was applied to identify survivin
using polyclonal rabbit antibody against human survivin
(SURV 11-A, Alpha Diagnostic International, San Antonio,
TX). All sections were developed using biotin-conjugated
secondary antibodies against rabbit IgG or mouse IgG
followed by a sensitive peroxidase-conjugated streptavidin
system (DAKO) with DAB as the chromogen. Negative
control staining was performed using rabbit or mouse
immunoglobulin of irrelevant specificity substituted for
the primary antibody.

In situ hybridization for mRNA of survivin

Tissue sections of paraffin-embedded samples from
esophageal cancer were deparaffinized and then incubated
with 1 ml of DEPC water containing 10 pl pepsin solution
(Nichirei, Tokyo Japan) and 8.5 pl HCL After incubation at
42°C for 22 min followed by washing, samples were refixed
with 4% paraformaldehyde. Then, the slides were treated
with triethanolamine (TAE) solution (750 pl of TAE in 50 ml
of DEPC water) for 1 min. After dehydration, slides were
incubated with the hybridization solution containing 5 pM of
digoxigenin-labeled probes at 42°C over night. Then, the
slides were washed with wash buffer (DAKO) twice. The
endogenous peroxidase was quenched with peroxidase-
blocking solution (DAKO). After washing with PBS, slides
were incubated with anti-digoxigenin antibody (DAKQ),
treated with biotinylated tyramide (DAKO) and mixed with
peroxidase-conjugated streptavidin. All sections were devel-
oped using DAB as the chromogen. Negative control staining
procedure was performed using the hybridization solution
containing sense probes substituted for antisense probes.
The antisense probes for survivin mRNA included the mix-
tureofthree oligonucleotides as follows: 5-AGCAGAA-
GAAACACTGGGCCAAGTCTGGCTCGTTCTCAGT-3,
5"-AGCTCCTTGAAGCAGAAGAAACACTGGGC-
CAAGTCTGGCT-¥, and 5-CAACCGGACGAATGCTT-
TTTATGTTCCTCTATGGGGTCGT-3'.

Statistical analysis

Statistically significant differences of quantitative analy-
sis were determined using the Wilcoxon's test for the
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comparison between paired subjects from normal mucosa
and cancer tissue. Differences between subjects with
different histological types of esophageal cancer werse
determined using the Mann—Whitney’s U test. The signif-
icance of correlation between the levels of survivin ex-
pression and apoptotic cell ratio was analyzed by
calculating the correlation coefficient and the slope of
standard curve.

Results

Expression of mRNA for IAP family proteins determined by
real-time quantitative PCR

To quantitate the mRNA expression levels of the IAP
family in esophageal cancer, real-time quantitative RT-
PCR was performed using esophageal samples from
normal mucosa and cancer tissue. As shown in Fig. 1A,
the expression of survivin exhibited significant up-regu-
lation in cancer tissue compared with normal mucosa (£ <
0.05). Although the statistical differences were not
significant, the mRNA for cIAPl, cIAP2, NAIP and
XIAP also revealed higher levels of expression in
cancer tissue than normal mucosa (Figs. 1B—E). When
comparing the histological types of esophageal cancers,
moderately/poorly differentiated squamous cell carcino-
mas showed significantly higher expression of survivin
than well differentiated squamous cell carcinomas (Fig. 2)
(P <0.05).

Expression of survivin and apoptotic cell ratio of the
esophageal cancer

To identify the correlation between the expression levels
of survivin and the proportion of apoptotic cells in esoph-
ageal cancer, the TUNEL method was performed on paraf-
fin-embedded tissue sections. As expected, the expression
intensity of survivin showed reverse correlation with the
proportion of apoptotic cells (P < 0.05) (Fig. 3). These
results indicated that the expression of survivin might play a
role in inhibiting the apoptosis in esophageal cancer, al-
though pathways interacting with other IAP family proteins
as well as other molecules should be clarified in the future
study.

Immunohistochemical localization of survivin and in situ
hybridization assay for survivin mRNA in esophageal
cancer

To investigate the distribution of survivin, immunohisto-
chemical staining was performed in esophageal subjects
from normal mucosa and cancer tissue. Table 1 surnmarizes
the staining results of survivin. As demonstrated previously
{Grabowski et al., 2003), survivin was detected in the basal
layer as well as middle layer of the squamous epithelia of
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Fig. 1. Real-time quantitative RT-PCR. analysis of IAP family proteins, (A} survivin, {B) cIAP], (C) clAP2, (D) NAIP and (E) XIAP, using esophageal samples
from normal mucosa and cancer tissue. Relative intensity was calculated as [intensity of reaction of [AP family (total Raji RNA, ng)] / [intensity of reaction of
GAPDH (total Raji RNA, ng)). Difference was significant between the expression of survivin in samples from normal mucosa and cancer tissue { P < 0.05 by
the Wilcoxon's test). Although the differences were not significant, cIAPI, c[AP2, NAIP and XIAP in cancer tissue tended to show higher expression as

compared with normal mucosa.

P<0.05

Norm. to GAPDH
(4]
[

-Well Mod/Por -

Fig. 2. Comparison of the levels of survivin expression between well {Well)
and moderately/poorly differentiated squamous cell carcinoma (Mod/Por)
of the esophagus determined by the real-time quantitative RT-PCR. The
plots indicate the values for each histological type of esophageal cancer.
Note the significantly higher expression of survivin in moderately/poorly
differentiated carcinoma { P < 0.05 by the Mann—Whitney's U test).

the normal mucosa in most cases (Fig. 4A). The subcellular
localization was mainly cytoplasmic but partly nuclear. The
staining pattem and intensity in the normal mucosa varied
between different samples. The majority of the samples
from esophageal cancer revealed positive staining for survi-
vin, although the staining intensity and frequency varied
from case to case (Table 1). At the cellular level, survivin
signals in esophageal cancer cells were predominantly

9-
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*

6 -
5 -
4
3 -
2 4
1 4
0

Norm. to GAPDH

0 1 2
Apoptotic Cell Ratio (%)

Fig. 3. Cormelation between the expression intensity of mRNA for survivin
and the apoptotic cell ratio of esophageal cancer, Note the negative slope of
the standard line indicating the inverse correlation between these parameters
{ P <0.05).
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Table 1
Subcellular localization of survivin in normal esophageal mucosa and
esophageal cancer tissue determined by immunohistochemistey

Cytoplasmic

Samples Nuclear

+ ++ + ++

14* (41.2)° 19 (55.9) 1(29) 20(58.8) 10 (29.4) 4 (11.8)

Normal
mucosa

Cancer
tissue

Staining intensity; —, less than 5%;+, 5-20%; ++, more than 20% of

normal epithelial cells or cancer cells were positive. Note the higher

frequency of positive cells in cancer tissues.

* Values indicate the nutnber of cases.

® Numbers in parenthesis indicate percentage of total cases examined.

3(94) 13 (40.6) 16 (50.0) 6 (18.8) 14 (43.7) 12 (37.5)

localized to the cytoplasm (Fig. 4B), although in many
cases, prominent reaction was also observed in the nucleus
(Fig. 4C). Patterns of subcellular localization and the
expression levels of mRINA for survivin or apoptotic cell
ratio did not show significant correlation. In addition,
histological type (well, moderately or poorly differentiated
squamous cell carcinoma) did not influence the localization
of survivin in cancer cells. Tissue sections that were reacted
with preimmune rabbit antibody with irrelevant specificity
showed no significant staining in all of the samples (not
shown).
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Fig. 5. In situ hybridization for mRNA, of survivin in esophageal cancer.
Note the positive signals in the cytoplasm of the majority of cancer cells
(original magnification X 400).

To further confirm the overexpression of survivin in
esophageal cancer at the mRNA level, in situ hybridization
analysis was performed. As shown in Fig. 5, positive signals
for survivin mRNA were diffusely observed in the majority
of esophageal cancer samples. The signals were in the
cytoplasm of cancer tissue.
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Fig. 4. Immunohistochemical localization of survivin in the esophagus from normal mucosa (A) and cancer tissue (B, C) (original magnification X400). The
expression of survivin was observed in many of the cases of the normal squamous epithelia mainly in the basal layer (A). The subcellular distribution was
dominantly cytoplasmic but in some cases nuclear. By contrast, the survivin-positive cells were distributed rather diffusely in cancer tissues and the statning

was cytoplasmic (B) or sometimes nuclear (C) at the cellular level.
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Discussion

Regarding the expression of survivin in esophageal
cancer, previous studies revealed an overexpression in
cancer tissue whereas normal squamous epithelia exhibited
weak signals (Grabowski et al., 2003; Ikeguchi and Kaibara,
2002; Ikeguchi et al,, 2003; Kato et al., 2001). However,
little is known about the potential roles of IAP family
proteins in the homeostasis of normal esophageal epithelia
as well as the pathogenesis of esophageal cancer. In esoph-
ageal cancer samples in the present study, patterns of IAP
expression were not wniform, Some cases exhibited very
strong expression of particular IAPs, although others
revealed an almost normal level of expression. Immunohis-
tochemical staining revealed a very high frequency of
survivin expression in many of the cancer cells in the
majority of cases though in normal mucosa, positive cells
were partial and in some cases the signals were negative.
Thus, differences in the positive cell ratic would result in
differences in intensity in the overall expression of mRNA
for IAPs.

In association with the prognostic factors of esophageal
cancer, the proliferative activity of cancer cells, p53 nuclear
accumulation in cancer cells (Ikeguchi et al., 2003), overall
survival of patients (Grabowski et al, 2003) and the
response of patients to chemotherapy (Kato et al, 2001)
have been reported to correlate with survivin expression.
However, lymph node metastasis, depth of tumor invasion,
apoptotic frequency in cancer cells, tumor angiogenesis
(Tkeguchi et al,, 2003), histologic type of cancer and stage
of tumors (Ikeguchi and Kaibara, 2002) did not correlate
with the intensity of survivin expression in cancer cells. This
study demonstrated the significant correlation of survivin
expression with the apoptotic frequency of cancer cells and
histological type of tumor. Further study may be necessary
to determine the significance of survivin expression upon
the biological characters of esophagea! cancer. Studies
including the comparison of early stage and advanced stage
cancers would help defining the role of survivin in tumor-
igenesis and progression of esophageal cancer.

In addition to its anti-apoptotic function, survivin also
plays arole in the regulation of cell cycle progression during
mitosis (Gianani et al., 2001). The highly proliferative
activity of esophageal cancer cells might be associated with
the significant expression of survivin. Kato et al. (2001)
teported that survivin expression was a frequent event in
esophageal cancer and was identified as an unfavorable
prognostic factor. Here, we could find the significant dif-
ference in the expression of survivin between the different
histological types of esophageal cancer that may be related
to the prognosis of the patients.

Wild-type p53, but not mutant p53, represses survivin
expression at both the mENA and protein levels (Hoffman
et al, 2002). The modification of chromatin within the
survivin promoter would explain the silencing of survivin
gene transcription by p53 (Mirza et al,, 2002). On the other

hand, the overexpression of exogenous survivin protein
rescues cells from p53-induced apoptosis in a dose-depen-
dent manner, suggesting that loss of survivin mediates in
part the p53-dependent apoptotic pathway (Mirza et al,
2002). As the high frequency of p53 mutations in many of
the solid cancers, p53 mutation would play a role in
controlling the overexpression of survivin in the esophageal
cancer cases.

Recently, target gene within an amplicon at 11922 in
esophageal squamous cell carcinoma has been suggested as
cI[AP1 (Imoto et al.,, 2001). The expression of cIAP1 was
consistently up-regulated in esophageal squamous cell car-
cinoma cell lines that showed amplification at 11q21-q23.
The present study revealed overexpression of cIAP1 in the
majority of esophageal cancer samples. Thus, these findings
would suggest that a part of primary esophageal cancers
might overexpress the cIAP] protein in association with the
amplification of chromosomal DNA at 11921-q23.

In conclusion, we demonstrated the overexpression of
several IAPs in esophageal cancer samples. Further study is
warranted to clarify the regulatory mechanisms of IAP
expression in esophageal cancer in association with the
apoptotic signaling pathways.
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Abstract Members of the inhibitor of apoptosis protein
(IAP) family including survivin, are expressed in many
tumors. However, age-related changes in their expres-
sion in cancer have not been clarified. Thus, we inves-
tigated the expression of mRINA-coding for IAP family
proteins in colon cancer samples from young ( <70 years
of age) and elderly (> 70 years) patients by real-time
quantitative RT-PCR. Samples were collected from
cases with well-differentiated adenocarcinoma or mod-
erately differentiated adenocarcinoma and their adjacent
normal epithelial tissue. Well-differentiated adenocarci-
noma tended to express higher levels of survivin than
normal mucosa, and expression in moderately differen-
tiated adenocarcinoma was significantly greater than in
normal mucosa in samples from both groups of patients
(p <0.05, respectively). When samples were compared
between the different age groups, the normal mucosa
exhibited similar levels of survivin expression. However,
samples from older patients showed a significantly
higher level of expression than those from younger pa-
tients in well and moderately differentiated adenocarei-
nomas (p <0.05, respectively). In contrast, the levels of
expression of cIAP1, cIAP2, and NAIP in the cancerous
tissues were lower than those found in normal mucosa
regardless of age. As for age-related changes, the ex-
pression of ¢cIAP2 in normal mucosa and moderately
differentiated adenocarcinoma was stronger in the
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elderly group than the young group (p<0.05, respec-
tively), and NAIP expression in well-differentiated ade-
nocarcinoma was higher in the young group than the
elderly group (p <0.05). XIAP expression was similar in
normal and cancerous tissues in both the young and
elderly groups. These results suggest that the expression
of IAP family proteins, especially survivin, is associated
with the age-related biological characteristics of colon
cancer.

Keywords Colon cancer - IAP -
Immunohistochemistry - Real-time PCR - Survivin

Introduction

The regulation of apoptotic cell death has a profound
effect on the pathogenesis and progression of colorectal
malignancies. The inhibitor of apoptaosis protein (IAP)
family, including survivin, blocks apoptosis induced by a
variety of triggers [1, 2], although the exact biochemical
mechanism by which members of the IAP family sup-
press apoptosis is under debate, Survivin directly binds
to and inhibits caspase-3 and caspase-7, which act as
terminal effectors in apoptotic protease cascades [2, 3].
The expression of survivin is ubiquitous in fetal tissues,
but is restricted during development, and is negligible in
the majority of terminally differentiated adult tissues [4,
5]. However, analysis of the differences in gene expres-
sion between normal and tumor cells revealed that sur-
vivin was one of the proteins most consistently
overexpressed in tumor cells relative to normal tissue [6].
In fact, survivin is prominently expressed in transformed
cell lines and in many human cancers including colo-
rectal cancer [7].

Survivin is usually found in the cytoplasm of tumor
cells and is therefore widely regarded as a cytoplasmic
protein [5, 8]. However, several studies showed a nuclear
accumnulation of survivin in gastric cancer cells [9] and
lung cancer cells {10]. In colon cancer, Kawasaki et al. {7)
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revealed the cytoplasmic expression of survivin using
immunohistochemistry. We recently reported that ALL
cells principally exhibit nuclear localization of survivin,
while CLL cells exhibit cytoplasmic distribution [11]. We
suggested that the splice patterns of this molecule might
affect its subcellular localization, although the mecha-
nisms controlling the splicing process remained unre-
solved. Thus, the significance of its nuclear-cytoplasmic
localization in tumor cells remains controversial.

In the present study, we collected colon cancer tissues
from young and elderly patients to focus on the contri-
bution of IAPs to the progression of colon cancer in
association with aging. The expression of survivin was
higher in cancerous tissue compared with adjacent nor-
mal mucosa. Immunostaining revealed that survivin was
primarily localized in the cytoplasm. The expression of
other IAPs, including ¢c[AP1, ¢IAP2, NAIP and XIAP,
all of which suppressed apoptosis by inhibiting caspase
and procaspase [12-15), was also demonstrated in these
samples. The IAPs are characterized by one or more 70—
80 amino acid baculoviral IAP repeat (BIR)} domains.
They function as an endogenous caspase inhibitor, as
well as participate in cell cycle regulation and in the
modulation of receptor-mediated signal transduction
{16). The significances of IAP family proteins with re-
gard to the aging effect as well as the biological char-
acteristics of colon cancer are discussed.

Materials and methods
Patients -

Fresh frozen samples from 32 patients with adenocar-
cinoma of the ascending, transverse, and descending
colon were collected and prepared for mRINA analysis.
Central portions of tumors that dominantly consisted of
carcinoma cells were collected for analysis just after
operation. At the same time, adjacent tissue samples
from normal colonic mucosa were also collected. To
eliminate the effects of factors other than the aging effect
as much as possible, we collected well-differentiated or
moderately differentiated adenocarcinoma with the same
tumor histology from younger (<70 years old) and el-
derly (> 70 years old) patients. The age distribution and
gender of the patients were as follows: for well-differ-
entiated adenocarcinoma from younger patients, the
median of age was 58 years, the minimum was 38, and
the maximum was 65, among six male and two female
patients; for well-differentiated adenocarcinoma from
elderly patients, the median of age was 81 years, the
minimum was 75, and the maximum was 89, among five
male and three female patients; for moderately differ-
entiated adenocarcinoma from younger patients, the
median of age was 56, the minimum was 45, and the
maximum was 63, among six male and two female pa-
tients; and for moderately differentiated adenocarci-
noma from elderly patients, the median of age was 81,
the minimum was 77, and the maximum was 91, among

m

three male and five female patients. Table 1 summarizes -
the Dukes’ classification of cases indicating that the
stages of tumors were not significantly different between
young and old patients. All patients did not receive
radiotherapy or chemotherapy prior to operation. The
procedures followed were in accordance with the ethical
standards established by the ethics committee of Tokyo
Medical and Dental University.

Preparation of RNA and quantitative assay for IAP
family proteins using TagMan RT-PCR

RNA was extracted from frozen colonic samples of nor-
mal mucosa and cancer tissue using an RNeasy Mini Kit
(Qiagen, Valencia, CA, USA) according to the manufac-
turer’s directions. For quantitative RT-PCR, fluorescent
hybridization probes and a TagMan PCR Core Reagents
Kit with AmpliTaqg Gold (PerkinElmer Cetus, Norwalk,
CT, USA) were used with an ABI Prism 7,200HT Se-
quence Detection System (PerkinElmer, Foster City, CA,
USA). Oligonucleotides as specific primers and TagMan
probes for the JAP family and glutaraldehyde-3-phos-
phate dehydrogenase (GAPDH) mRNA were synthesized
at a commercial laboratory (PerkinElmer Cetus). The
primers and TagMan probes were as follows. The
sequence of the forward primer for survivin mRNA was
5-TGCCTGGCAGCCCTTTC-3 and that of the reverse
primer was 5-CCTCCAAGAAGGGCCAGTTC-Y; the
TagMan probe was 5-CAAGGACCACCGCATCTC-
TACATTC-3". For cIAP! mRNA, the forward primer
was 5-CAGCCTGAGCAGCTTGCAA-3 and the
reverse primer was S-CAAGCCACCATCACAACAAA-
A-3"; the TagMan probe was 5-TTTATTATGTGGG-
TCGCAATGATGATGTCAAA-3. For cIAP2 mRNA,
the forward primer was 5-TCCGTCAAGTTCAAGC-
CAGTT-3 and the reverse primer was 5-TCTCCTGGG-
CTGTCTGATGTG-3; the TagMan probe was
5-CCCTCATCTACTTGAACAGCTGCTAT-3". The
forward primer for NAIP mRNA was 5-GCTTCACAG-
CGCATCGAA-3" -and the reverse primer was
5-GCTGGGCGGATGCTTTC-3; the TagMan probe
was 5-CCATTTAAACCACAGCAGAGGCTTTAT-
3. The forward primer for XIAP mRNA was 5-AG-
TGGTAGTCCTGTTTCAGCATCA-3 and the reverse
primer was 5-CCGCACGGTATCTCCTTCA-3; the

Table T Dukes’ classification of cases. Number of cases {perceat-
age)

Cases Dukes’ classification

A B C
Well-differentiated adenocarcinoma
Young 3 (38%) 2 (25%) 3 (38%)
Old 1 (13%) 3 (38%) 5 (63%)
Moderately differentiated adenocarcinoma
Young 1 {13%) 2 (25%) 5 (63%)
Old 0 (0%) 3(38%) 5 (63%)
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TagMan probe was 5-CACTGGCACGAGCAGGG-
TTTCTTTATACTG-3'. Finally the forward primer for
GAPDH mRNA was 5-GAAGGTGAAGGTCGGA-
GT-¥ and the reverse primer was 5-GAAGATGGT-
GATGGGATTTC-¥; the TaqMan probe was
5-CAAGCTTCCCGTTCTCAGCC-3". The conditions
for the one-step RT-PCR were as follows: 30 min at
48°C (stage 1, reverse transcription), 10 minutes at 95°C
(stage 2, RT inactivation and AmpliTaq Gold activa-
tion), and then 40 cycles of amplification for 15 s at
95°C and | min at 60°C (stage 3, PCR). The expression
of survivin and other IAP family proteins was quantified
according to a method described elsewhere {11]. Briefly,
the intensity of the reaction was evaluated from the
quantity of total RNA in Raji cells (ng} corresponding
to the initial number of PCR cycles to reveal the linear
increase in reaction intensity (threshold cycle) for each
sample on a logarithmic standard curve. Data on the
quantity of RNA (ng) for the IAP family were normal-
ized using data for the GAPDH in each sample.

Immunohistochemistry for survivin

Tissue sections (4-pm thick) of formalin-fixed, paraffin-
embedded samples from the same cases used in the RT-
PCR study were sectioned and placed on slides covered
with adhesive. Sections were deparaffinized, and
endogenous peroxidase was quenched with 1.5%
hydrogen peroxide in methanol for 10 min. Primary
antibody was applied to identify survivin using poly-
clonal rabbit antibody against human survivin (SURV
11-A; Alpha Diagnostic International, San Antonio,
TX, USA). All sections were developed using biotin-
conjugated secondary antibodies against rabbit IgG or
mouse IgG followed by a sensitive peroxidase-conju-
gated streptavidin system (DAKQ) with DAB as the
chromogen. Negative control staining was performed
using rabbit or mouse immunoglobulin of irrelevant
specificity, which was substituted for the primary anti-
body.

Statistical analysis
Statistically significant differences for the quantitative

analysis were determined using the Mann—Whitney U-
test.

Results

Age-related changes in the expression of IAP family
protein mRNA in normal colonic mucosa

To quantitate age-related changes in mRINA expression
of the IAP family in normal colonic mucosa, real-time
quantitative RT-PCR was performed using samples
from the normal mucosa of different age groups. As

>

Fig. 1A-E Real-time quantitative RT-PCR analysis of IAP family
proteins, A survivin, B ¢IAP1, C cIAP2, D NAIP, and E XIAP,
using colonic samples from normal mucosa (Normal), well-
difierentiated adenocarcinoma (Wel), and moderately differenti-
ated adenocarcinoma {Mod.} of young and elderly patients. The
relative intensity was calculated as [intensity of reaction of the IAP
family (total Raji RNA, ng)] / [intensity of reaction of GAPDH
(total Raji RNA, ng)]. Differences were significant between the
expression of survivin (A) in samples from well-differentiated
adenocarcinoma of young and elderly patients (*p <0.05 by the
Wilcoxon’s test) and samples from moderately differentiated
adenocarcinoma of young and elderly patients (*p<0.05). The
expression of survivin was also significantly different between
normal mucosa and well-differentiated adenocarcinoma (*p <0.05),
normal mucosa and moderately differentiated adenocarcinoma
(°»<0.05), and well and moderately differentiated adenocarcino-
mas (°p<0.05) in the elderly group. Between young and elderiy
groups, differences were significant in the expression of ¢cIAP2 in
normal mucgsa (*p<0.05) and moderately differentiated adeno-
carcinoma ( p<005) and the expression of NAIP in well-
differentiated adenocarcinoma (*p <0.05). The expression of
cIAPI, ¢<IAP2, and NAIP in cancerous tissues tended to show a
lower degree of expression compared with normal mucoesa.
Differences were sngmﬁcant for compansons of the indicated
%roups (B cIAPL, ap <0.05,°p<0.01, tp <0.05, 8 < 0.05: C ¢cIAP2,
"2 <001, <001, ip<0.05; D NAIP, p<0 05, 'p<0.05.
Mp<0.05)

shown in Fig. 1A, B, D, and E, the expression levels of
survivin, ¢IAP1, NAIP, and XIAP were similar in young
and elderly individuals. However, cIAP2 expression of
the normal mucosa was significantly higher in elderly
individuals than young individuals (Fig. 1C; p <0.05).

Age-related changes in the expression of IAP family
protein mRNA in well-differentiated adenarcinomas
of the colon

To determine age-related changes in the expression of
TAP family proteins in colon ¢ancer, samples were col-
lected from different age groups with similar histological
features. First, well-differentiated adenocarcinomas
from young and elderly patients were compared. As
shown in Fig. 1A, the expression of survivin was sig-
nificantly higher in elderly patients than in young pa-
tients (p<0.05). Conversely, NAIP expression was
significantly higher in younger patients than in elderly
patients (Fig. 1D; p<0.05). Expression levels of other
IAPs including cIAPI, cIAP2, and XIAP were almost
similar between young and elderly patients.

Age-related changes in the expression of IAP family
protein mRNA in moderately differentiated adenocar-
cinomas of the colon

Next, the expression levels of IAP family proteins in
moderately differentiated adenocarcnomas were com-
pared. As shown in Fig. 1A, the expression of survivin
was significantly higher in elderly patients than young
patients (g <0.05). Similarly, cIAP2 expression was sig-
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nificantly higher in elderly patients than younger pa-
tients (Fig. 1C; p <0.05). Other IAPs including cIAPI,
NAIP, and XIAP did not exhibit significant difference
between young and elderly patients.

Comparison of the expression of IAP family protein
mRNA in normal and cancerous tissues in young
and elderly patients

As shown in Fig. 1A, the cancer tissues tended to express
higher levels of survivin than that found in normal
mucosa. Significant differences were observed between
normal mucosa and well-differentiated adenocarcinoma
(» <0.05), normal mucosa and moderately differentiated
adenocarcinoma (p<0.01), and well and moderately
differentiated adenocarcinoma (p<0.05) in the elderly
group. By contrast, the expression of cIAP1, cIAP2, and
NAIP in cancerous tissues was lower than that found in

713

B. clAP1
a0
e
E I ] g
%
& 20
2
g
T e
o . X ,
Normat Well Mod.
D. NAIP
60
Ik,l
I *
a
&40
S
2 [m Tk
£ o
=
m
Normal- Well Mod.
':] Young

] ou

normal mucesa. For cIAP1 expression (Fig. 1B), differ-
ences were significant between the normal mucosa and
the ‘well-differentiated adenocarcinoma (young group,
P <0.05; elderly group, p <0.05) and normal mucosa and
moderately differentiated adenocarcinoma (young
group, p <0.01; elderly group, p <0.05). For the expres-
sion of cIAP2 (Fig. 1C), significant differences were
observed between normal mucosa and well-differentiated
adenocarcinoma (elderly group, p<0.01) and normal
mucosa and moderately differentiated adenocarcinoma
(young group, p<0.0}; elderly group, p<0.05). The
difference in the expression of NAIP (Fig. 1D was sig-
nificant between normal mucosa and well-differentiated
adenocarcinoma (young group, p <0.05; elderly group,
p<0.05) and normal mucosa and moderately differ-
entiated adenocarcinoma (young group, p <0.05). The
expression of XIAP did not exhibit any specific tendency
between normal and cancerous tissues, as well as hetween
the young and elderly groups (Fig. 1E). '

- 280 -



774

Fig. 2A~-D Immunohis-
tochemical localization of
survivin in the colon from
normal mucosa (A) (x100),
well-differentiated
adenocarcinoma of a young
patient (B) (x200), and normal
mucosa (C) (x100), well-
differentiated adenocarcinoma
of a elderly patient (D) (x200).
The expression of survivin was
observed in a few scattered cells
of the normal colonic epithelia,
mainly at the bottom of the
glands (A, C). The subeellular
distribution was dominantly
cytoplasmic. In contrast,
survivin-positive cells were
diffusely distributed in
cancerous tissues, and staining
was cytoplasmic at the cellular
level (B, D)

Immunohistochemical localization of survivin in colon
cancers

To investigate the distribution of survivin, immunohis-
tochemical staining was performed using normal colonic
mucosa and cancerous tissues. As shown in Fig. 2A
(young) and C (elderly), survivin was mainly detected in
the bottom of the glands of normal mucosa, and sub-
cellular localization was mainly cytoplasmic. The stain-
ing intensity of positive cells in normal mucosa varied
between different samples. In contrast, the majority of
samples from colon cancer showed a diffuse localization
of survivin, although the staining intensity varied from
case to case. At the cellular level, survivin signals in
colon cancer cells were predominantly localized in the
cytoplasm. The distribution of survivin was similar in
well-differentiated and moderately differentiated adeno-
carcinomas as well as in cancers from young and elderly
patients (Fig. 2B, D). Tissue sections that reacted with
preimmune rabbit antibody with irrelevant specificity
showed no signtficant staining for any of samples (not
shown).

Discussion

For the expression of survivin in colon cancer, a pre-
vious study revealed its overexpression in cancer tissue
while normal colonic epithelia exhibited weak signals

e L e

[7]. However, little is known about the potential roles
of IAPs in the homeostasis of normal epithelia as well
as the pathogenesis of colen cancers among different
age groups. In the colon cancer samples in the present
study, cancerous tissues had a tendency to exhibit
higher levels of survivin but lower levels of cIAPI],
clAP2, and NAIP than the normal mucosa. Immu-
nohistochemical staining revealed a high degree of
survivin expression in many cancer cells in the
majority of cases, although in normal mucosa, the
number of positive cells was small. Thus, differences in
the positive cell ratto influenced the intensity and
overall expression of survivin mRNA. Kawasaki et al.
[7] reported that the expression of survivin correlated
with apoptosis, proliferation, and angiogenesis during
human colorectal tumorigenesis. We also confirmed
the progression-related overexpression of survivin by
our findings that moderately differentiated adenocar-
cinomas expressed higher levels of survivin than well-
differentiated -adenocarcinomas. Well and moderately
differentiated adenocarcinomas, cancerous tissues from
elderly patients, demonstrated a significantly higher
degree of survivin expression than those from young
patients. It would be possible that chances for genetic
mutations might increase associated with progression
of cancer as well as aging and might result in dysre-
gulation in controlling survivin expression. However,
further studies are necessary to determine whether
age-related overexpression and differentiation-related
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overexpression of survivin in colon cancers occurs
through the same mechanisms.

In addition to its antiapoptotic function, survivin also
plays a role in the regulation of cell cycle progression
during mitosis [8]. The highly proliferative activity and
low frequency of apoptosis in colon cancer cells is
associated with the significant expression of survivin [7].
We recently reported that the proliferative activity and
apoptotic frequency of cancer cells from colorectal
cancers exhibited a positive correlation with age [17]
However, in the present study, survivin expression in
colon cancers was significantly higher in elderly patients
than in young patients. Thus, increased apoptosis in
cancers of elderly patients is not attributable to a lack of
antiapoptotic regulatory mechanisms by survivin, The
manner of age-related changes in the expression of sur-
vivin might be associated with the proliferative activities
of colon cancers rather than apoptosis. We can also
postulate the other possibility that increased apoptosis
in cancers of the elderly might be controlled by the
caspase-independent mechanisms and, thus, survivin
would be overexpressed as the feedback mechanisms of
the cells,

Wild-type p53, and not mutant p53, represses survi-
vin expression at the mRNA and protein level [18].
Modification of chromatin within the survivin promoter
would explain the silencing of survivin gene transcrip-
tion by p53 [19]. On the other hand, the overexpression
of exogenous survivin protein rescues cells from
p53-induced apoptosis in a dose-dependent manner,
suggesting that the loss of survivin in part mediates the
p53-dependent apoptotic pathway [19]. As there is a
high frequency of p53 mutations in many solid cancers,
P53 mutation may play a role in controlling the over-
expression of survivin in colon cancer. Regarding the
age-dependent changes in expression of tumor tissues, a
microarray experiment revealed an activation of pS3
and some of the genes controlled by p53 at more ad-
vanced age {20). Thus, higher expression of survivin
might be induced in response to the increased p$3-
dependent apoptosis in cancers of the elderly group.
However, mutations/loss of p33 gene may occur more
frequently with aging in certain settings [21] and,
therefore, the pS53-associated mechanisms controlling
aging and carcinogenesis are complicated,

Using an in vitro cell culture system of colon carci-
noma cell lines, Wang et al. [22] reported that the
expression of cIAP2 was induced by PKC/NF-kB-
dependent pathways. However, the present study re-
vealed that cIAP2 expression was not elevated in colon
cancers in vivo. Instead, clAPI, cIAP2, and NAIP
exhibited lower expression in cancerous tissues than in
normal mucosa. Further studies are necessary to clarify
the function of these molecules in the colonic mucosa as
well as in carcinogenesis of the colon.

Signaling pathways involved in survival responses
may attenuate the apoptosis response to the cytotoxic
tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) in colon carcinoma cell lines. Some lines are
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sensitive, while others are resistant to TRAIL-induced
apoptosis {23, 24]. The mechanisms of this resistance
include blocking caspase processing by XIAP. However,
in the present study, changes in XIAP expression were
not notable among normal/cancerous tissues, well/
moderately differentiated adenocarcinomas, and cancers
of young/elderly patients. Thus, XIAP function in in
vivo colon cancer might not be essential for the survival
of cancer cells.

In conclusion, we demonstrated the differentiation-
related and age-related overexpression of survivin in
colon cancer samples. Further studies are warranted to
clarify the regulatory mechanisms of IAP expression in
colon cancer in association with the apoptotic/prolifer-
ative signaling pathways.
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Abstract .

We have established a panel of 45 human cancer cell lines
(JFCR-45) to explore genes that determine the chemo-
sensitivity of these cell lines to anticancer drugs. JFCR-45
comprises cancer cell lines derived from tumors of three
different organs: breast, liver, and stomach. The inclusion
of cell lines derived from gastric and hepatic cancers is a
major point of novelty of this study. We determined the
concentration of 53 anticancer drugs that could induce
50% growth inhibition {Glsg) in each cell line. Cluster
analysis using the Glggs indicated that JFCR-45 could
allow classification of the drugs based on their modes of
action, which coincides with previous findings in NCI-60
and JFCR-39. We next investigated gene expression in
JFCR-45 and developed an integrated database of chemo-
sensitivity and gene expression in this panel of cell lines.
We applied a correlation analysis between gene expression
profiles and chemosensitivity profiles, which revealed
many candidate genes related to the sensitivity of cancer
cells to anticancer drugs. To identify genes that directly
determine chemosensitivity, we further tested the ability
of these candidate genes to alter sensitivity to anticancer
drugs after individually overexpressing each gene in human
fibrosarcoma HT1080. We observed that transfection of
HT1080 cells with the HSPA1A and JUN genes actually
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enhanced the sensitivity to mitomycin C, suggesting the
direct participation of these genes in mitomygin C
sensitivity. These results suggest that an integrated
bicinformatical approach using chemasensitivity and gene
expression profiling is useful for the identification of genes
determining chemosensitivity of cancer cells. {Mo! Cancer
Ther 2005;4(31:399-412]

Introduction

Predicting the chemosensitivity of individual patients is
important to improve the efficacy of cancer chemotherapy.
An approach to this end is to understand the genes that
determine the chemosensitivity of cancer cells. Many genes
have been described that determine the sensitivity to
multiple drugs, including drug transporters (1-3) and
metabolizing enzymes (4-6). Genes determining the sensi-
tivity to specific drugs have also been reported. For
example, increased activities of y-glutamyl hydrolase (7)
and dihydrofolate reductase (8) are resistant factors for
methotrexate; increased activities of thymidylate synthase
(9), metallothionein (10}, and cytidine deaminase (11) are
resistant factors for 5-fluorouracil (5-FU), cisplatin, 1-B-D-
arabinofuranosylcytosine, respectively; and increased
activity of NQO1 (12) is a sensitive factor for mitomycin
C (MMC). However, the chemosensitivity of cancer cells is
not determined by a handful of genes. These genes are not
sufficient to explain the variation of the chemosensitivity of
cancer cells.

Recently, attempts were made to predict the chemo-
sensitivity of cancers using genome-wide expression profile
analyses, such as ¢DNA microarray and single nucleotide
polymorphisms (13-18). For example, Scherf et al. (18) and
Zembutsu et al. (15) reported the analysis of genes
associated with sensitivity to anticancer drugs in a panel
of human cancer cell lines and in human cancer xenografts,
respectively. Tanaka et al. (17) presented prediction models
of anticancer efficacy of eight drugs using real-time PCR
expression analysis of 12 genes in cancer cell lines and
clinical samples. We also analyzed chemosensitivity-related
genes in 39 human cancer cell lines (JFCR-39; ref. 19) and
validated the association of some of these genes to
chemosensitivity using additional cancer cell lines {20).
These genes can be used as markers to predict chemo-
sensitivity. Moreover, some of these genes may directly
determine the chemosensitivity of cancer cells.

In the present study, we established a new panel of
45 human cancer cell lines (JFCR-45) derived from tumors
from three different organs: breast, liver, and stomach.
Using JECR-45, we attempted to analyze the heterogeneity
of chemosensitivity in breast, liver, and stomach cancers.
We assessed their sensitivity to 53 anticancer drugs and
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developed a database of chemosensitivity. Then, we
analyzed gene expression in 42 human cancer cell lines
using cDINA arrays and stored them in the gene expression
database. Using these two databases, we extracted genes
whose expression was correlated to chemosensitivity. We
further screened them to identify genes that could change
the sensitivity to anticancer drugs using an in vitro gene
transfection assay.

Materials and Methods

Cell Lines and Cell Cultures

We established a panel of JECR-45 that included a portion
of JFCR-39 and the 12 stomach cancer cell lines described
previously (19, 20). They consist of the following cell lines:
breast cancer cells HBC-4, BSY1, HBC-5, MCF-7, MDA-MB-
231, KPL-3C (21), KPL-4, KPL-1, T-47D (22), HBC-9, ZR-75-
1 {23}, and HBC-8; liver cancer cells HepG2, Hep3B, Li-7,
PLC/PRF/5, HuH7, HLE, HLF (24), HuHé (25), RBE, S5P-
25 (26), Hul-1 {27), and JHH-1 (28); and stomach cancer
cells St-4, MKN1, MKN7, MKN28, MKN45, MKN74, GCTY,
GT3TKB, HGC27, AZ521 (29;, 4-1ST, NUGC-3, NUGC-3/5-
FU, HSC-42, AGS, KWS5-1, TGS-11, OKIBA, ISt-1, ALF, and
ACTO. The AZ521 cell line was obtained from the Cell
Resource Center for Biomedical Research, Institute of
Development, Aging and Cancer, Tohoku University
(Sendai, Japan). The 4-15T, OKIBA, and AOTO cell lines
were provided by Dr. Tokuji Kawaguchi (Department of
Pathology, Cancer Institute, Japanese Foundation for
Cancer Research, Tokyo, Japan). All cell lines were cultured
in RPMI 1640 {(Nissui Pharmaceutical, Tokyo, Japan) with
" 5% fetal bovine serum, penicillin (100 units/mL), and
streptomycin (100 wg/mL) at 37°C under 5% CO,.

Determination of the Sensitivity to Anticancer Drugs

Growth inhibition experiments were done to assess the
chemosensitivity to anticancer drugs. Growth inhibition was
measured by determining the changes in the amounts of
total cellular protein after 48 hours of drug treatment using
a sulforhodamine B assay. The Glsy values, which repre-
sent 50% growth inhibition concentration, were evaluated
as described before (30, 31). Several experiments were done
to determine the median Glsg value for each drug. Abso-
lute values were then log transformed for further analysis.

Anticancer Drugs and Compounds

Actinomycin D, 5-FU, tamoxifen, cytarabine, radicicol,
melphalan, 6-mercaptopurine, 6-thioguanine, and colchi-
cine were purchased from Sigma (St. Louis, MO). The
anticancer agents in clinical use were obtained from the
company specified in parentheses, and those under devel-
opment were kindly provided by the company specified as
described below: aclarubicin and neocarzinostatin (Yama-
nouchi Pharmaceutical, Tokyo, Japan); oxaliplatin (Asahi
Kasei, Tokyo, Japan), HCFU (Nihon Schering, Osaka,
Japan); doxifluridine (Chugai Pharmaceutical, Tokyo,
Japan); toremifene, bleomycin, and estramustine (Nippon
Kayaku, Tokyo, Japan); daunorubicin and pirarubicin
{Meiji, Tokyo, Japan); doxorubicin, epirubicin, MMC,
vinorelbine, and L-asparaginase (Kyowa Hakko Kogyo,

Tokyo, Japan); peplomycin, etoposide, INK109, and NK611
{Nippont Kayaku); vinblastine, vincrinstine, IFIN-y, and 4-
hydroperoxycyclophosphamide (Shionogi, Tokyo, Japan);
carboplatin and cisplatin (Bristol-Myers Squibb, New York,
NY); mitoxantrone and methotrexate (Wyeth Lederie Japan,
Tokyo, Japan); cladribine (Janssen Pharmaceutical, Titus-
ville, NJ}; amsacrine (Pfizer Pharmaceutical, formerly
Warner Lambert, Plymouth, MI); camptothecin, irinotecan,
and SN-38 (Yakult, Tokyo, Japan); paclitaxel (Bristol-Myers
5quibb); docetaxel and topotecan (Aventis Pharma, Stras-
bourg, France); IFN-a (Sumitomo Pharmaceutical, Osaka,
Japan); IFN-p (Daiichi Pharmaceutics, Tokyo, Japan);
gemcitabine (Eli Lilly Japan, Kobe, Japan); E7010 and
E7070 (Eisai, Tokyo, Japan); dolastatine 10 (Teikoku
Hormone MFG, Tokyo, Japan); and TAS103 (Taiho
Pharmaceutical Co., Tokyo, Japan).

Gene Expression Profiles by cDNA Array

Expression profiles of 3,537 genes in 42 human cancer cell
lines were examined using Atlas Human 3.6 Array (BD
Biosciences Clontech, Inc., Franklin Lakes, NJ) in duplicates.
Experiments were done according to the manufacturer’s
instructions. Briefly, cell lines were harvested in log phase.
Total RNA was extracted with TRIzol reagent (Invitrogen,
Inc., Carlsbad, CA} and purified with Atlas Pure Total RNA
Labeling System. Purified total RN As were converted to *P-
labeled ¢DINA probe by SuperScript II (Invitrogen). cDNA
probe was hybridized to the Atlas Array overnight at 63°C
and washed. Hybridized array was detected with Phos-
phorlmager (Molecular Dynamics, Inc., Sunnyvale, CA).
Scanned data were transformed to the numerical value with
Atlas Image 2.0 software (BD Biosciences Clontech) and
normalized by dividing by the value of 90% percentile of all
genes in each experiment. Then, the intensities of the genes
were defined by the average of intensities of duplicate
results. The genes whose expression levels differed more
than twice between the duplicates were eliminated from
subsequent analysis. When the intensities of gene expres-
sion in both arrays were below the threshold value, they
were given the value of threshold and were used for
analysis. We determined the values of threshold of the
normalized data as 30% of the value of 90% percentile. Then,
log; was calculated for each expression value.

Hierarchical Clustering

Hierarchical clustering using average linkage method
was done by “Gene Spring” software (Silicon Genetics,
Inc., Redwood, CA). Pearson correlation coefficients were
used to determine the degree of similarity.

Correlation Analysis between Gene Expression and
Chemosensitivity Profiles

The genes whose expressions were observed in >50% of
all cell lines examined were selected for the correlation
analysis. The degree of similarity between chemosensitivity
and gene expression were calculated using the following
Pearson correlation coefficient formula:

E(Ii - Inl)(y{ - ym)

r= L
\/z_(x,- = 2m) 52 (4 = Y’
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where x; is the log expression data of the gene x in cell i, y;
is the log sensitivity |1log1oGlsgl of cell i to drug y, xy, is the
mean of the log expression data of the gene x, and y,, is the
mean sensitivity 1log;eGlspl of drug y. A significant
correlation was defined as P < 0.05.

Screening of the Genes That Determine Chemosen-
sitivity

Candidate genes related to the chemosensitivity were
cloned into the vector pcDNA3.1/myc-His A (Invitro-
gen). Transfection of HT1080 cells with the plasmid
DNA was carried out using LipofectAMINE Plus
reagent (Invitrogen). The transfection efficiency was
monitored by green fluorescent protein fluorescence.
The fluorescence of green fluorescent protein was
observed in >%0% of the green fluorescent protein-
transfected HT1080 (data not shown). Twenty-four hours
after the transfection, proper concentrations of MMC
were added and the cells were treated for 24 hours.
Efficacies of anticancer drugs were determined by
measuring the growth inhibition. Cell growth was
measured by following [*H]thymidine incorporation.
PHlthymidine (0.067 MBq) was added to each well
and incubated at 37°C for 45 minutes. Cells were
washed with prewarmed PBS(-} and fixed with 10%
TCA on ice for 2 hours. After fixing, cells were washed
with 10% TCA and lysed with 0.1% SDS-0.2 N NaCH
solution. After incubation at 37°C, the lysed mixture
was neutralized with 0.25 mol/L acetic acid solution.
[PH]thymidine incorporated into the cells was deter-
mined using scintillation counter. All experiments,
except for interleukin (IL)-18, were done four times.
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Results

Sensitivity of JFCR-45 to 53 Anticancer Drugs

Sensitivity to 53 drugs was assessed as described in
Materials and Methods. The known modes of actions and
the value of llogioGlsgl of 53 anticancer drugs in each of
the 45 cell lines are summarized in Table 1. The |log;sGls |
indicated here is the median value of multiple experiments.
The chemosensitivity of the cell lines differed even among
those derived from the same organ. These data were stored
in a chemosensitivity database. Figure 1 shows the
classification of the anticancer drugs by hierarchical
clustering analysis based on chemosensitivity, llogoGlspl,
of JFCR-45. As shown, the 53 drugs were classified into
several clusters, each consisting of drugs with similar
modes of action [e.g., one cluster included topoisomerase

" {topo) I inhibitors, such as camptothecin, topotecan, and

SN-38]. The second cluster comprised tubulin binders,
including taxanes and Vinca alkaloids. 5-FU and its
derivatives were also clustered into a single group. These
results indicated that our systern using JFCR-45 was able to
classify the drugs based on their modes of action, which is
in agreement with previous findings using NCI-60 and
JECR-39 (18, 19, 32).

Classification of 42 Human Cancer Cell Lines Accor-
ding to Gene Expression Profiles

Using a ¢DNA array, we examined the expression of
3,537 genes in 42 cell lines of JFCR-45. Based on these
expression profiles, hierarchical clustering was done. In a
few experiments, cell lines derived from the same organ
were clustered inte a group (Fig. 2). Breast cancer cell lines,
except KPL-4, formed one cluster. Liver and stomach
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Figure 1. Hierarchical clustering of 53 anticancer drugs based on their activity on 45 human cancer cell lines. Mierarchical clustering method was

''average linkage method™ using Pearson correlation as distance. Fifty-threas drugs were classified into several clusters, each consisting of drugs with
similar modes of action or targets: [A} 5.-FU derivatives, (B] estrogen receptor, [C) DNA synthesis/topo |l inhibitors, (D) topo | inhibitors, (E) topo I

inhibiters, {F) tubulin binders, and (G} IFN.
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Table 1. The mode of actions and the median value of [log;oGlse| of 53 anticancer drugs in each of the 45 cell lines
Drug name Target/ Breast
mode of action
HBC-4 BSY1 HBC-5 MCF-7 MDA- KPL-3C KPL+4 KPL-1 T47D HBC-9 ZR-75-1 HBC-8
MB-231
Aclarubicin DNA/RNA synthesis  7.04 869 792 78 783 711 763 795 739 708 803 793
Oxaliplatin DNA cross-linker 579 575 540 569 475 504 520 478 517 410 508 617
Actinomycin D RNA synthesis 920 9.10 885 945 871 ° 890 9.05 9.04 889 8§24 898 960
HCFU Pyrimidine 436 517 444 513 457 465 555 441 497 422 468 484
5-FU Pyrimidine 443 487 440 512 418 400 523 400 413 400 470 511
Doxifluridine Pyrimidine 400 442 400 400 400 400 409 400 400 400 414 419
E7070 Cell cycle inhibitor 450 620 422 450 435 494 501 474 469 400 438 498
Tamoxifen Estrogen receptor 495 542 501 504 490 514 549 493 531 490 495 553
Toremifene Estrogen receptor 481 512 487 496 485 493 513 483 517 489 483 486
MS-247 DNA synthesis 608 679 532 678 598 609 616 58 663 642 688 671
Dauncrubicin DNA synthesis/topo Il 696 7.34 682 768 6.83 677 725 684 741 692 739 797
Doxorubicin DNA synthesis/topo Il 713 726 685 758 666 674 738 676 736 694 712 7.85
Epirubicin DNA synthesis/topo I 608 690 659 708 642 650 703 683 726 673 790 719
Mitoxantrone DNA synthesis 628 7.12 600 806 450 640 683 638 711 696 802 744
Pirarubicin DNA synthesis/topo T 897 9.00 834 9.00 847 862 900 839 900 822 900 9.00
Topotecan Topo 1 584 657 510 800 555 637 671 590 751 618 720 761 |
SN-38 Topo I 798 752 556 856 612 675 740 660 825 613 792 775
Camptothecin Topol 592 657 604 763 58 667 660 670 712 580 721 692
Bleomycin DNA synthesis 481 489 400 448 400 400 559 400 546 446 422 437
Peplomycin DNA synthesis 490 584 400 522 427 461 629 408 537 452 472 525
Neocarzinostatin DNA synthesis 735 8.00 603 817 655 642 761 618 726 706 726 810
Irinotecan Topo I 486 509 400 546 428 430 491 411 3521 415 447 524
TAS103 Topo 681 722 637 766 657 645 720 6.17 725 616 713 760
Gemcitabine Pyrimidine 674 5.62 400 800 520 400 725 400 718 515 471 575
Cladribine Pyrimidine 4.00 400 400 541 405 460 473 400 483 423 400 468
Cytarabine Pyrimidine 400 4.00 400 640 4.00 400 502 400 400 400 400 454
Etoposide Topo I 488 548 439 615 466 400 542 468 593 443 511 472
Amsacrine Topo II 520 578 529 656 525 489 569 493 597 514 656 570
2-Dimethylamincetoposide Topo U 467 4.82 402 6.02 448 400 503 400 505 489 574 47
NK109 Topo II 569 588 527 637 604 549 631 55 630 557 608 581
MMC DNA alkylator 590 668 568 699 514 546 640 550 542 549 574  6.69
Methotrexate DHFR 711 519 400 753 400 400 753 525 400 400 400 400
Radicicol HSP90/Tyr kinase 555 580 517 728 655 519 613 528 743 539 618 662
Vinblastine Tubulin 922 976 922 968 867 917. 977 913 915 600 758 799
Vincristine Tubulin 877 972 92% 942 867 912 957 931 922 600 841 620
Vinorelbine Tubulin 845 9.23 851 885 823 833 935 893 841 600 816 600
Paclitaxel Tubulin 730 843 794 772 737 738 820 753 790 600 705 659
Docetaxel Tubulin 841 898 823 852 78 818 882 819 85 600 715 B.28
Dolastatine 10 Tubulin 2.15 10.83 1119 1026 9.07 1002 1074 944 995 800 9.46 8.67
Colchicine Tubulin 606 868 £33 648 724 758 B48 789 664 500 784 659
E7010 Tubulin 437 656 400 614 507 538 669 571 629 550 604 472
Melphalan DNA cross-linker 420 492 442 509 433 467 404 466 438 408 445 457
Leptomycin B Cell cycle inhibitor 935 964 933 944 891 959 947 963 926 89 9783 9.74
Carboplatin DNA cross-linker 400 434 412 400 400 400 400 4.00 400 400 400 4.00
Cisplatin DNA cross-linker 490 569 565 509 456 472 552 463 456 535 471 539
4-Hydroperoxycyclo- DNA alkylator 478 4.85 541 5583 468 478 454 474 486 518 476 478
phosphamide
6-Mercaptopurine Purine 541 473 415 588 517 511 450 502 600 427 405 450
6-Thioguanine Purine 459 585 540 58 580 592 555 591 581 453 521 566
L-Asparaginase P'rotein synthesis 655 663 400 643 601 603 720 618 610 549 607 636
Estramustine Estradiol 409 451 400 400 4.66 485 456 431 417 474 400 473
IFN-a Biological response 400 771 400 400 423 400 4.00 400 400 400 400 50
IFN-p Biological response 400 800 400 400 640 423 708 400 400 400 400 456
IFN-y Biological response 769 793 400 400 400 400 400 400 4.00 400 400 4.00

(Continued on the following page)
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Table 1. Tha mode of actions and the median value of |log,0Glse| of 53 anticancer drugs in each of the 45 cell lines {Cont'd)

Drug name - Target/ Liver
mode of action

HepG2 Hep3B Li-7 PLC/ HuH7 HLE HLF HuHé RBE SSP-25 Hul-1 JHH-1

PRF/5
Aclarubicin DNA/RNA synthesis 213 777 739 768 B29 749 786 770 787 739 797 823
Oxaliplatin DNA cross-linker 707 539 578 561 644 490 475 560 519 458 604 601
Actinomycin D RNA synthesis 9.03 861 824 804 899 813 845 875 825 847 878 9.00
HCFU Pyrimidine 528 480 479 456 499 467 470 450 492 469 487 463
5-FU Pyrimidine 527 420 426 421 508 400 419 400 460 400 529 472
Doxifluridine Pyrimidine 4.49 400 400 400 400 400 400 400 400 400 404 400
E7070 Cell cycle inhibitor 547 499 477 444 536 461 443 474 509 429 429 487
Tamoxifen Estrogen receptor 543 530 523 479 509 502 497 538 490 511 487 497
Toremifene Estrogen receptor 506 497 492 482 499 509 491 495 492 500 480 510
MS-247 DNA synthesis 633 584 635 523 602 6583 642 582 566 637 567 682
Daunorubicin DNA synthesis/topo II  7.48 710 683 639 729 755 749 698 718 673 708 751
Doxorubicin DNA synthesis/topo I 729 677 688 583 7.04 739 725 687 689 668 689 731
Epirubicin DNA synthesis/topo I 7.33 686 687 629 731 721 725 691 684 673 674 7.03
Mitoxantrone DNA synthesis 795 651 788 651 676 7.60 767 671 737 759 611 715
Pirarubicin DNA synthesis/topo I  9.00 838 900 826 9.00 9.00 900 8539 8% 900 895 9.00
Topotecan Topo I 793 581 770 564 607 773 773 572 683 674 S30 699
SN-38 Topo 1 8.43 637 821 603 675 828 831 591 705 747 569 774
Camptothecin Topol 7.44 619 748 586 635 742 753 610 669 679 616 692
Bleomycin DNA synthesis 6.02 438 566 400 485 6.04 659 415 473 497 510 494
Peplomycin DNA synthesis 673 472 640 445 546 586 656 401 512 583 535 534
Neocarzinostatin DNA synthesis 822 672 781 634 692 760 780 657 727 753 667 7.9
Irinotecan Topo I 5.18 436 561 400 433 525 513 411 437 464 405 478
TAS103 Topo 756 657 768 664 695 781 787 655 732 689 695 694
Gemcitabine Pyrimidine 800 463 800 400 616 783 800 419 656 724 560 585
Cladribine Pyrimidine 6.30 400 486 400 400 585 S45 400 4.8 530 400 400
Cytarabine Pyrimidine 6.22 400 400 400 400 522 541 400 400 400 400 400
Etoposide Topo II 562 48 556 460 492 580 570 505 485 535 535 509
Amsacrine Topo I 641 556 666 547 577 658 661 543 590 598 571 546
2-Dimethylaminoetoposide Topo IT 5.56 466 570 454 473 575 584 457 520 554 475 466
NK109 Topo I 6.56 596 672 585 605 683 677 584 624 639 592 609
MMC DNA alkylator 6.56 504 709 563 573 615 631 538 532 620 550 599
Methotrexate DHFR 747 400 611 400 612 664 683 400 671 406 400 3513
Radicicol HSP90/Tyr kinase 787 708 643 616 646 6.63 683 603 552 561 594 568
Vinblastine Tubulin 818 650 930 773 935 973 920 722 600 951 911 966
Vincristine Tubulin 793 600 770 600 852 876 840 6.00 600 827 838 911
Vinorelbine Tubulin 798 600 815 600 843 875 828 705 600 851 865 921
Paclitaxel Tubulin 7.35 684 741 648 744 750 727 600 673 780 822 794
Docetaxel Tubulin 8.08 711 783 680 823 8.09 808 600 614 B850 854 830
Dolastatine 10 Tubulin 10.42 894 1071 950 1012 1019 994 860 800 1030 9468 1061
Colchicine Tubulin 7.16 540 725 643 762 777 739 554 500 750 745 817
E7010 Tubulin 6.28 462 638 623 635 647 635 479 400 650 644 630
Melphalan DNA cross-linker 4.76 447 462 400 444 459 481 403 439 440 484 486
Leptomycin B Cell cycle inhibitor 9.67 932 944 919 910 931 937 900 929 951 954 966
Carboplatin DNA cross-linker 418 400 400 400 400 4.00 400 400 400 400 400 453
Cisplatin DNA cross-linker 553 532 551 475 563 536 545 526 473 494 541 5386
4-Hydroperoxycyclo- DNA alkylator 492 474 488 465 484 487 504 482 469 450 476 530
phosphamide
&-Mercaptopurine Purine 5.0 410 512 442 400 417 449 490 529 458 482 510
6-Thioguanine Purine 5.08 457 523 537 470 422 514 604 576 518 592 614
L-Asparaginase Protein synthesis 640 478 800 649 400 691 663 4.00 635 BO0 661 442
Estramustine Estradiol 4.00 400 427 424 405 437 403 410 414 418 409 414
IFN-o Biological response 400 400 420 400 400 400 400 400 400 400 400 400
IFN-g Biological response 400 400 715 617 400 4.00 400 400 400 400 400 400
IFN-y Biological response 400 400 400 4.00 400 400 400 400 400 400 400 793

(Continued on the following page)
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Table 1. The mode of actions and the median value of |log,oGlsa| of 53 anticancer drugs in each of the 45 cell lines {Cont'd)
Drug name Target/ Stomach
mode of action
S5t-4 MKN1 MKIN7 MKN28 MKN45 MKN74 GCIY GT3 HGC27 AZ521 4-1ST NUGC
TKB -3
Aclarubicin DNA/RNA synthesis 7.88 809 773 725 859 743 800 786 7.13 84% 796 9.04
Oxaliplatin DNA cross-linker 475 504 442  4.58 6.84 493 571 531 510 - 616 517 6.18
Actinomycin D RNA synthesis 799 874 877 902 939 920 824 912 876 955 B80 885
HCFU Pyrimidine 417 470 482 477 556 486 477 509 474 521 484 474
S-FU Pyrimidine 435 440 426 427 546 422 460 509 434 512 404 467
Doxifluridine Pyrimidine 400 400 401 400 420 400 400 4.00 400 400 400 402
E7070 Cell cycle Inhibitor 443 603 490 548 455 520 504 482 569 602 4838 575
Tamoxifen Estrogen receptor 495 489 544 523 513 567 492 519 525 511 487 506
Toremifene Estrogen receptor 481 492 490 482 493 523 485 492 507 509 487 496
MS-247 DNA synthesis 566 572 627 559 732 662 571 688 676 758 709 6.62
Daunorubicin DINA synthesis/topo I 6.6¢ 730 698  7.03 7.66 688 679 755 717 798 718 774
Doxorubicin DNA synthesis/topo 11 6,39 745 679 671 7.32 670 639 7.14 686 787 668 766
Epirubicin DNA synthesis/topo I 7.21 753 685 660 735 660 653 710 671 800 7.02 768
Mitoxantrone DNA synthesis 682 752 657 652 7.79 6.68 687 782 683 879 738 759
Pirarubicin DNA synthesis/topo I 8.31 897 855 857 9.00 853 881 900 856 900 88 9.00
Topotecan Topo I 721 627 554 581 800 562 661 783 564 774 800 768
SN-38 Topo I 683 663 616 616 871 617 689 849 604 849 878 828
Camptothecin Topo I 713 639 3582 550 799 562 681 753 549 761 775 773
Bleomycin DNA synthesis 400 461 4.03 4.00 4.54 422 400 621 422 718 6.03 475
Peplomycin DNA synthesis 400 480 4356 409 518 482 439 596 468 732 616 492
Neocarzinostatin DNA synthesis 617 652 658 647 8338 719 695 774 692 858 759 800
Irinotecan Topo I 400 441 429 402 541 426 444 524 400 558 539 541
TAS103 Topo 575 734 650 656 7.50 643 696 797 681 851 740 7.76
Gemcitabine Pyrimidine 4.09 617 445 4.00 8.00 538 618 757 400 800 668 7.70
Cladribine Pyrimidine 411 451 400 4.00 6.88 4.00 4.00 556 400 652 443 542
Cytarabine - Pyrimidine 400 400 400 4.00 6.41 400 4.00 638 400 656 568 576
Etoposide Topo II 467 579 459 451 543 422 496 555 522 623 580 59
Amsacrine Topo II 530 624 501 496 643 534 575 655 550 698 644 6.68
2-Dimethylaminoetoposide Topo II 470 563 457 437 567 429 497 575 505 599 572 6.4
NK109 Topo I 602 666 588 576 651 562 658 692 629 690 666 678
MMC DNA alkylator 493 500 533 510 709 556 575 617 574 645 599 728
Methotrexate DHFR 727 704 400 4.00 715 400 706 704 749 737 733 732
Radicicol HSP90/Tyr kinase 696 659 588 566 6.44 615 640 689 600 &63 742 408
Vinblastine Tubulin 6.17 962 760 9.64 9.04 9.25 858 983 937 976 985 953
Vineristine Tubulin . 637 936 860 858 8.42 9.13 812 930 891 935 961 89
Vinorelbine Tubulin 6.00 860 8.51 859 842 853 796 922 837 889 883 887
Paclitaxel Tubulin 687 768 750 748 7.89 716 677 815 770 809 786 815
Docetaxel Tubulin 705 806 810 832 847 771 693 885 819 908 850 851
Dolastatine 10 Tubulin 941 956 1027 1018 975 1029 10.5110.60 923 1042 1053 1035
Colchicine Tubulin 776 799 728 790 775 751 734 778 765 770 869 753
E7010 Tubulin 606 621 626 635 602 615 639 669 608 669 667 640
Melphalan DNA cross-linker 447 470 419 400 479 436 455 459 472 518 52 532
Leptomycin B Cell cycle inhibitor 945 944 936 925 945 950 915 948 957 981 96% 954
Carboplatin DNA cross-linker 400 425 400 400 4.00 400 400 414 400 400 424 497
Cisplatin DNA cross-linker 478 561 507 466 547 448 535 546 475 512 560 6.52
4-Hydroperoxycyclo- DNA alkylator 437 477 481 492 513 476 485 481 480 530 525 533
phosphamide

6-Mercaptopurine Purine 421 558 467 521 53% 586 445 521 547 554 597 503
6-Thioguanine Purine 618 613 549 546 5.66 574 583 557 583 621 653 536
L-Asparaginase Protein synthesis 632 641 664 654 6.65 691 530 670 578 672 634 651
Estramustine Estradiol 421 426 400 400 4.20 472 429 445 434 420 511 448
IFN-at Biological response 400 400 400 400 4.00 451 400 400 400 400 400 4.00
IFN-8 Biological response  4.00 400 400 400 400 400 400 400 400 400 400 4.00
IFN-y Biological response 4.00 407 400 4.00 400 400 400 400 400 400 400 400
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Table 1. The mode of actions and the median value of |log,oGlso| of 653 anticancer drugs In each of the 45 cell lines {Cont’d)

Molecular Cancer Therapeutics 405

Drug narne Target/ Stomach
mode of action
NUGC HSC-42 AGS KWS-1 TGS- OKIBA ISt1 ALF AOTO
-3/5-FU 11
Aclarubicin DNA/RNA synthesis 7.51 8.21 827 7.96 8.31 7.20 719 854 7.57
Oxaliplatin DNA cross-linker 5.23 5.98 5.58 6.26 7.02 5.85 514 546 478
Actinomycin D RNA synthesis 8.56 9.32 8.99 9.22 9.55 9.35 877 93% 888
HCFU Pyrimidine 4.36 4.89 5.00 4.71 427 5.10 415 423 44
5FU Pyrimidine 4.00 440 5.02 4.50 4.06 6.38 400 442 4.09
Doxifluridine Pyrimidine 4.00 4.0 4.26 4.00 4.00 4.18 400 4.00 4.00
E7070 Cell cycle inhibitor 439 481 446 5.25 496 6.05 483 669 497
Tamoxifen Estrogen receptor 4.86 489 5.59 4.93 5.20 5.58 493 543 5.13
Toremifene Estrogen receptor 4.85 4.88 5.00 4.93 5.07 5.58 488 5.50 5.24
MS-247 DNA synthesis 5.64 7.11 7.01 6.74 6.67 6.20 570 570 5.63
Daunorubicin DNA synthesis/topo II 6.85 7.57 742 6.99 6.93 7.59 637 694 6.80
Doxorubicin DNA synthesis/topo II 6.47 7.33 7.53 691 6.90 8.00 601 634 6.54
" Epirubicin DNA synthesis/topo II 6.13 7.61 8.02 7.12 6.91 712 599 7.0 6.51
Mitoxantrone DNA synthesis 6.18 7.70 775 721 6.74 8.56 576 614 6.37
Pirarubicin DNA synthesis/topo II 8.65 9.00 9.00 8.99 8.58 8.81 816 868 8.57
Topotecan Topo 1 5.82 8.00 7.54 6.07 6.39 6.10 670 690 6.85
SN-38 Topo I 6.31 8.61 8.70 6.81 6.66 7.07 729 746  7.28
Camptothecin Topo 1 6.00 7.76 7.23 6.36 6.64 6.81 643 672 6.96
Bleomycin DNA synthesis 4.00 5.66 519 4.00 4.00 5.55 400 481 4.58
Peplomycin DNA synthesis 4.05 6.00 5.82 4.65 4,08 592 423 5.4 4.78
Neocarzinostatin DNA synthesis 6.54 7.89 7.78 6.84 6.60 7.05 654 674 7.24
Irinotecan Topo I 4.06 548 5.50 425 4.58 4.64 442 456 4.71
TAS103 Topo 6.45 7.66 7.98 6.94 6.45 6.89 624 645 7.74
Gemcitabine Pyrimidine 4.00 6.77 6.65 4.00 4.06 6.76 4856 582 7.27
Cladribine Pyrimidine 4.00 4.46 4.56 4.00 4.00 641 400 4.00 424
Cytarabine Pyrimidine 4.00 596 5.60 4.00 4.00 7.32 400 558 4.00
Etoposide Tope II 4,72 6.11 6.13 513 441 8.00 473 510 5.79
Amsacrine Topo II 491 6.53 6.30 571 4.99 6.60 506 557 629
2-Dimethylaminoetoposide  Topo II 4.12 594 517 4.78 4.36 6.25 457 480 5.75
NK109 Topo I 5.95 6.70 647 6.63 568 7.27 579 591 6.86
MMC DNA alkylator 5.58 6.27 6.23 5.86 5.75 5.56 532 603 5.86
Methotrexate DHFR 4.00 7.38 7.53 7.81 4.00 6.66 400 4.00 4.00
Radicicol HSP90/Tyr kinase 571 7.63 7.07 6.78 6.80 6.80 576 638 6.74
Vinblastine Tubulin 8.20 9.85 9.6% 9.80 9.28 9.71 704 812 8.33
Vincristine Tubulin 7.12 9.70 9.24 9.35 9.41 10.00 600 746 8.20
Vinorelbine Tubulin 7.13 9.32 8.86 8.87 8.58 9.79 600 825 8.64
Paclitaxel Tubulin 6.49 8.07 7.74 7.96 8.03 8.29 652 7.79 7.52
Docetaxel Tubulin 7.2 8.86 8.63 8.47 8.49 8.46 733 B68 8.27
Dolastatine 10 Tubulin 8.89 1069 1050 1044 1013 1186 869 10.09 1026
Colchicine Tubulin 5.98 8.59 8.19 8.34 745 874 6.05 756 7.84
E7010 Tubulin 437 6.69 6.47 6.64 6.27 6.88 451 550 5.36
Melphalan DNA cross-linker 4.56 5.34 527 4.00 5.00 462 415 473 467
Leptomycin B Cell cycle inhibitor 9.12 9.64 9.53 8.66 9.16 9.71 882 976 9.49
Carboplatin DNA cross-linker 4.00 4.36 4.16 4.00 4.00 4.62 400 400 426
Cisplatin DNA cross-linker 480 5.64 5.55 474 571 5.79 543 557 551
4-Hydroperoxycyclo- DNA alkylator 478 550 544 470 468 517 461 466 478
phosphamide
6-Mercaptopurine Purine 5.19 5.90 5.86 4.95 455 485 400 400 400
é-Thioguanine Purine 5.50 6.54 5.61 5.79 5.92 6.10 400 446 436
L-Asparaginase Protein synthesis 6.63 6.47 6.93 6.51 4.94 6.52 400 556 400
Estramustine Estradiol 4.08 503 474 442 4.02 4.7% 459 495 4.76
IFN-o Biological response 4.00 400 © 400 4.00 4.51 4.20 462 462 4.16
. IFN-B Biological response 400 4.00 4.00 4.00 6.02 4.93 477 628 654
IFN-y Biclogical response 400 4.00 4.00 4.00 4.00 4.00 400 506 4.00
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