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CPT-11 May Provide Therapeutic Efficacy for Esophageal Squamous Cell Cancer 
and the Effects Correlate with the Level of DNA Topoisomerase I Protein
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CPT-11 is a potent anti-cancer drug and a specific inhibitor of DNA topoisomerase I (Topo I). In
this study, we aim to evaluate the effects of CPT-11 on esophageal squamous cell cancers (ESCC)
and to determine the correlation between the effects and the levels of Topo I expression. We exam-
ined the growth-inhibitory effect caused by SN-38, an active metabolite of CPT-11, in 14 human
ESCC cell lines established from 10 primary and 4 metastatic lesions. CPT-11 was considered
effective against 5 cell lines from primary lesions and one from metastatic lesions, and thus may
show therapeutic efficacy against both primary and metastatic ESCC tumors. Although Topo I
mRNA levels in these 14 ESCC cell lines, as quantitated by northern blot analysis, showed no
correlation with the IC50 values, Topo I protein levels, as quantitated by western blot analysis, showed
an inverse correlation with the IC50 values. Topo I protein levels could be an indicator of sensitivity
to CPT-11. We also determined Topo I protein levels in 40 ESCC tumors and matched normal
mucosae. Thirty-four tumors showed 1.2–22.3-fold increases in Topo I levels. Two patients receiv-
ing pre-operative chemotherapy and one receiving radiotherapy exhibited increased Topo I protein
levels in their tumor lesions. It appeared that CPT-11 could provide selective therapeutic efficacy
against ESCC tumors. CPT-11 may be effective for the treatment of metastatic ESCC tumors and
as a second-line anti-cancer drug for ESCC.
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The prognosis for esophageal squamous cell cancers
(ESCC) remains unsatisfactory, despite recent advances in
diagnosis and treatment. This is partly because the disease
is often advanced and has distant metastasis when diag-
nosed. Therefore, to improve long-term survival rates for
ESCC, an effective combination therapy including surgical
treatment, chemotherapy and radiotherapy is necessary.
cis-Dichlorodiammineplatinum (II) (CDDP)-based sys-
temic combination therapy is commonly performed for
ESCC, but the response rate is only about 36%, and the
results are unsatisfactory.1, 2) Moreover, because the pro-
gression of cancer is often associated with chemoresis-
tance to the anti-cancer drugs used as the first-line therapy,
an effective alternative agent is needed for the treatment
for ESCC.

Camptothecin is a naturally occurring anti-cancer drug
isolated from the Chinese tree Camptotheca acuminata.3)

It is reported to be effective in various experimental ani-
mal tumor models.4) However, its clinical usefulness is
restricted by severe side-effects, including hemorrhagic
cystitis, diarrhea, and myelosuppression.5–7) CPT-11 is a
semi-synthetic analogue of camptothecin, which has better
water solubility and fewer side-effects.8) Its anti-tumor
activity is exerted by SN-38,9, 10) an active metabolite of

CPT-11 generated by carboxylesterase,11) which selectively
inhibits DNA topoisomerase I (Topo I) by stabilizing the
Topo I-DNA cleavable complex,12) resulting in single-
strand DNA breaks, which lead to cell death.13, 14) CPT-11
has potent anti-tumor activity against various experimental
and clinical cancers.

In human colorectal cancers, it has been reported that
the sensitivity to CPT-11 is related to Topo I levels.15, 16)

Moreover, Topo I levels appear to be elevated in tumor
lesions, compared to the normal tissues.17, 18) Therefore,
CPT-11 is considered to be a very effective agent for
human colorectal cancers, because increased Topo I
expression in tumors, compared to normal tissues, can pro-
vide tumor-selective cytotoxicity. On the other hand, in
lung cancers, although there are reports that Topo I mRNA
expression might affect the sensitivity to CPT-11,19) others
have reported no correlation between the protein expres-
sion of Topo I and the sensitivity to CPT-11.20) Therefore,
whether Topo I levels predict sensitivity to CPT-11 is con-
troversial. Moreover, in kidney cancers, it has been
reported that there is no difference in Topo I levels
between tumors and their counterpart normal tissues.18) In
this study, we aimed to evaluate the therapeutic efficacy of
CPT-11 for ESCC and to examine the correlation between
the effects and levels of Topo I expression. Differences in
Topo I levels between ESCC tumor lesions and normal tis-
sues were also examined.E-mail: yasu.nakajima.srg1@tmd.ac.jp
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MATERIALS AND METHODS

Anticancer agent  SN-38, an active metabolite of CPT-11,
was kindly provided by Yakult Co., Ltd. (Tokyo). SN-38
was dissolved in NaOH and stored at −20°C with protec-
tion from light.
Cell lines and tissues  Twelve human ESCC cell lines of
the TE series21) were kindly provided by Dr. T. Nishihira
of the Cell Resource Center for Biomedical Research,
Institute of Development, Aging and Cancer, Tohoku Uni-
versity. EC-GI-10 was purchased from the Riken Gene
Bank, and TT was from the Human Science Research
Resources Bank. Ten cell lines (TT, TE-1, TE-2, TE-5,
TE-8, TE-10, TE-11, TE-12, TE-13, TE-15) were estab-
lished from primary ESCC lesions, and others were from
metastatic lesions.

Forty specimens of ESCC tumors and normal mucosae
were obtained from patients who underwent surgery at the
Tokyo Medical and Dental University Hospital after
informed consent had been obtained. Two of them had
received chemotherapy and one had had radiotherapy prior
to surgery. All specimens were frozen immediately in liq-
uid nitrogen and stored at −80°C until analyzed.
In vitro drug sensitivity assay  The sensitivity to SN-38
was evaluated in terms of the concentration of drugs
required for 50% inhibition of cell growth of treated cells
compared with control cells (IC50). In brief, suspensions of
2.5×104 cells/ml of 14 ESCC cell lines were seeded in
96-well microplates. After incubation at 37°C in a humidi-
fied 5% CO2 atmosphere for 24 h, the cells were exposed
to various concentrations of SN-38 for 72 h. The anti-pro-
liferative effects were determined by MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay.22)

The plates were incubated for an additional 4 h with a
final concentration of 0.40 mg/ml of MTT, and then the
dark blue crystals were dissolved in 150 µl of dimethyl
sulfoxide. The absorbance was measured at 540 nm using
a microplate reader (Model 550, Bio-Rad Laboratories,
Hercules, CA), and the inhibition rate was calculated as
follows: Inhibition rate=(1−absorbance of drug treated
cells/absorbance of control cells) × 100. The IC50 values
were determined from the inhibition rates, and expressed
as the means of at least 3 independent experiments, each
performed in 5 replicates.
Preparation of the cDNA probes  The digoxigenin-11-
UTP-labeled cDNA probe for Topo I was prepared using
PCR DIG Labeling Mix (Boehringer Mannheim GmbH
Biochemica, Mannheim, Germany) according to the manu-
facturer’s instructions. A human fetal brain cDNA library
(CLONTECH Laboratories, Inc., Palo Alto, CA) was used
as the template DNA, and the sequences of the primers
used for the Topo I cDNA probe were as follows.19) Topo
I: sense, 5′-GGAGAGACCTGAAAAGTGCTAA-3′; anti-
sense, 5′-TAAATCTTCTCAATTGGGAC-3′. After pre-

denaturation at 90°C for 10 min, amplification was carried
out for 30 cycles of denaturation at 94°C for 30 s, anneal-
ing at 54°C for 30 s, and extension at 72°C for 60 s, fol-
lowed by a final incubation at 72°C for 7 min, using a
thermal cycler (PCT-200 DNA Engine, MJ Research, Inc.,
Waltham, MA). The PCR products were purified using a
QIAquick Gel Extraction Kit (QIAGEN Inc., Valencia,
CA) according to the manufacturer’s instructions.
Northern blot analysis  Total RNA from 14 ESCC cell
lines was prepared by the acid guanidium-phenol-chrolo-
form method using ISOGEN (Nippon Gene, Toyama).
Electrophoresis of the RNA was performed essentially as
described previously.23) Extracted RNA was quantified by
measuring the absorbance at 260 nm, and 15 µg of each
RNA was denatured at 65°C for 15 min in 50% formam-
ide, 17.5% formaldehyde, 10 mM 3-morpholinopropane-
sulfonic acid (pH 7.0), 40 mM CH3COONa, and 0.5 mM
EDTA (pH 8.0). Following the addition of formaldehyde
gel-loading buffer [50% glycerol, 1 mM EDTA (pH 8.0),
0.25% bromophenol blue, and 0.25% xylene cyanol], sam-
ples were separated in 1.2% agarose gels containing 2.2 M
formaldehyde. RNA was transferred onto a nylon mem-
brane using a TURBOBLOTTER (Schleicher & Schuell,
Keene, NH) according to the manufacturer’s instructions,
and immobilized with a UV cross-linker (CL-1000, UVP,
Inc., Upland, CA) under UV light at 254 nm. Hybridiza-
tion was performed using Express Hyb (CLONTECH
Laboratories, Inc.) according to the manufacturer’s instruc-
tions. Following prehybridization at 68°C for 30 min,
300 ng/ml digoxigenin-11-UTP-labeled cDNA probe for
Topo I was added, and the mixtures were incubated at
68°C for 1 h. The bands for Topo I were developed using
a DIG Luminescent Detection Kit (Boehringer Mannheim
GmbH Biochemica) according to the manufacturer’s
instructions and detected using a lumino-image analyzer
(LAS-1000, Fuji Film, Tokyo). The probe for Topo I was
removed by washing the membrane in 0.1× SSPE [15 mM
NaCl, 0.865 mM NaH2PO4, and 0.125 mM EDTA (pH
7.4)] and 0.5% sodium dodecyl sulfate (SDS) at 90°C
for 30 min, and re-hybridization for glyceraldehyde-3′-
phosphate dehydrogenase (GAPDH) was performed as an
inner control. The bands related to Topo I and GAPDH
were quantified by Image Gauge v.3.01 (Fuji Film). The
Topo I mRNA index was calculated as follows: Topo I
mRNA Index=(Topo I mRNA level/GAPDH mRNA level)
×100.
Immunoblot analyses  Protein extraction and immuno-
blotting were performed essentially as described previ-
ously.24) For protein extracts from cells, culture dishes with
semi-confluent cells were washed 3 times with ice-cold
phosphate-buffered saline (PBS), and then harvested. For
tissue samples, frozen specimens were homogenized thor-
oughly in the presence of liquid nitrogen. Cells and tissues
were lysed in buffer including 50 µg/ml phenylmethane-



Effects of CPT-11 on Esophageal Cancer

1337

sulfonyl fluoride (PMSF), 5 µl/ml aprotinin, 5 µg/ml leu-
peptin, 5 µM NaF, and 0.2 µM orthovanadate in NETN
[20 mM Tris-HCl (pH 8.0), 100 mM NaCl, 1 mM EDTA,
and 0.5% NP-40], and incubated on ice for 30 min. Pro-
tein extracts were obtained after centrifugation at 14 000
rpm for 15 min at 4°C, and quantified by using the Brad-
ford assay.

Extracted proteins were boiled with an equal volume of
SDS sample buffer [2% SDS, 0.1% bromophenol blue, 100
mM dithiothreitol, and 10% glycerol in 50 mM Tris-HCl
(pH 6.8)], resolved by electrophoresis in 7.5% SDS-poly-
acrylamide gels, and transferred to PVDF membranes
(Hybond-P, Amersham, Buckinghamshire, UK).

The membranes were blocked in 5% powdered milk in
TBST [10 mM Tris-HCl (pH 8.0), 150 mM NaCl, and
0.075% Tween 20] for 1 h at room temperature prior to
incubation with the primary antibody. The anti-Topo I
antibody (clone: T1P1R2, Sigma-Genosys, Ltd., Cam-
bridge, UK) was used at 1:1000 dilution, and the anti-
β-actin antibody (clone: AC-15, Sigma, Saint Louis, MO)
at 1:5000. Following 4 washes with TBST, the bound
antibodies were detected using alkaline phosphatase-
conjugated secondary antibodies and developed with
the 5-bromo-4-chloro-3-indoyl phosphate p-toluidine salt
(BCIP)/p-nitro blue tetrazolium chloride (NBT) substrate.
The bands related to Topo I and β-actin were scanned and
quantified by NIH Image 1.62. The Topo I protein index
was calculated as follows: Topo I Protein Index=(Topo I
protein level/β-actin protein level) × 100. The Tumor/
Normal ratio of Topo I protein level was determined as
follows: Tumor/Normal Topo I Protein Ratio=Topo I Pro-
tein Index of the tumor/Topo I Protein Index of its
matched normal mucosa.

RESULTS

Sensitivity of ESCC cell lines to CPT-11  To evaluate the
therapeutic efficacy of CPT-11 for ESCC, growth inhibi-
tion assay was performed with 14 ESCC cell lines, and the
IC50 values of SN-38, an active metabolite of CPT-11,
were measured. The IC50 values ranged from 4.38 to
258.93 ng/ml with a mean±SD value of 56.35±67.88 ng/
ml. We decided the cut-off value for judging sensitivity to
CPT-11 as 28 ng/ml, based on one clinical study.25)

Among the IC50 values for the 14 ESCC cell lines, 6
(42.9%) were within this cut-off value of SN-38 (Fig. 1).
This may suggest that CPT-11 can be an effective agent
for ESCC. In addition, 5 of 10 primary tumor cell lines
and one of 4 metastatic tumor cell lines were considered
susceptible to CPT-11. The mean±SD IC50 values of the
primary tumor cell lines and the metastatic tumor cell lines
were 60.22±80.67 and 46.68±29.68 ng/ml, respectively,
and there was no significant difference between these 2
groups by the Mann-Whitney U test. Therefore, CPT-11

was considered to be effective for the treatment of both
primary and metastatic ESCC tumors.
Relationship between Topo I levels and sensitivity of
ESCC cell lines to CPT-11  To examine whether Topo I
levels can be an indicator of the sensitivity of ESCC to
CPT-11, Topo I mRNA levels and protein levels in the 14
cell lines were quantified. To analyze the levels of Topo I
mRNA expression, Northern blot analyses were performed
(Fig. 2A) and the densities of the bands related to Topo I
and GAPDH were analyzed as described in “Materials and
Methods.” Topo I mRNA Index values ranged from 19.10
to 85.60 with a mean±SD value of 51.24±17.87. The
mean±SD values of primary and metastatic lesions were
55.44±17.80 and 40.76±15.11, respectively, with no sig-
nificant difference by the Mann-Whitney U test. No corre-
lation was observed between the IC50 values and Topo I
mRNA Index values of the 14 ESCC cell lines (Fig. 2B).

Fig. 1. The IC50 values of 14 ESCC cell lines for SN-38, an
active metabolite of CPT-11, were measured by growth inhibi-
tion assay. Suspensions of 2.5×104 cells/ml were exposed to var-
ious concentrations of SN-38 for 72 h, and the anti-proliferative
effects were analyzed by MTT assay. The IC50 values of SN-38
(mean±SD) showed that 10 ESCC cell lines, 5 of 10 established
from primary ESCC lesions and one of 4 from metastatic lesions,
were within the cut-off value of SN-38 (28 ng/ml, shown with
the broken line).
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These results suggest that Topo I mRNA expression can
not be used as an indicator of sensitivity to CPT-11.

The levels of Topo I protein expression were analyzed
by western blot (Fig. 3A), and the densities of the bands
due to Topo I and β-actin were analyzed as described in
“Materials and Methods.” Topo I Protein Index values of
the 14 ESCC cell lines ranged from 32.15 to 101.59 with
a mean±SD of 59.36±19.40. The mean±SD values of

primary and metastatic lesions were 56.42±22.24 and
66.72±6.68, respectively, and showed no significant corre-
lation by the Mann-Whitney U test. There was a weak
inverse correlation between the IC50 values and Topo I
Protein Index values (correlation coefficient= −0.556,
P=0.0332: Fig. 3B). There was no relationship between
Topo I mRNA Index values and Topo I Protein Index val-
ues of these ESCC cell lines (data not shown). These
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Fig. 2. Northern blotting of Topo I and GAPDH was performed
using 14 ESCC cell lines (A). Total RNA (15 µg) extracted from
each of 14 ESCC cell lines was separated in 1.2% agarose gels
containing formaldehyde, transferred to a nylon membrane, and
hybridized. The digoxigenin-11-UTP-labeled cDNA probe for
Topo I was prepared as described in “Materials and Methods.”
Bands of Topo I and GAPDH were detected by chemilumines-
cence measurement using a lumino-image analyzer. Topo I was
detected as a 4.1 kbp band, and GAPDH was detected as a 1.2
kbp band. These bands were analyzed and the Topo I mRNA
Index was calculated as the ratio of Topo I to GAPDH mRNA
levels (B). Topo I mRNA Index values ranged from 19.10 to
85.60, and the mean values of the Topo I mRNA Index of 10 pri-
mary tumor cell lines ( ) and 4 metastatic tumor cell lines ( )
were 55.44 and 40.76, respectively. These mean values showed
no significant difference by the Mann-Whitney U test. Topo I
mRNA Index values of these 14 cell lines showed no correlation
with the IC50 values of SN-38.
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Fig. 3. Western blotting of Topo I and β-actin was performed
using 14 ESCC cell lines (A). A 50 µg sample of protein
extracted from each of the 14 ESCC cell lines was separated in
7.5% SDS-polyacrylamide gels, and transferred to PVDF mem-
branes. Protein quantification was done by the Bradford assay.
Anti-Topo I antibody (clone: T1P1R2, Sigma-Genosys, Ltd.) was
used at 1:1000 dilution, and anti-β-actin antibody (clone: AC-15,
Sigma) at 1:5000. Bands of Topo I and β-actin were detected by
development with alkaline phosphatase. Topo I was detected as a
100 kDa band, and β-actin was detected as a 42 kDa band. These
bands were analyzed and the Topo I Protein Index was calculated
as the ratio of Topo I to β-actin protein levels (B). Topo I Protein
Index values ranged from 32.15 to 101.59, and the mean values
of the Topo I Protein Index of 10 primary tumor cell lines ( )
and 4 metastatic tumor cell lines ( ) were 56.42 and 66.72,
respectively. These mean values showed no significant difference
by the Mann-Whitney U test. Topo I Protein Index values of
these 14 cell lines showed a weak inverse correlation with the
IC50 values of SN-38 (correlation coefficient= −0.556, P=0.0332).



Effects of CPT-11 on Esophageal Cancer

1339

results suggest that elevated Topo I protein expression
results in increased DNA damage by CPT-11, and that
Topo I protein levels can be an important indicator of sen-
sitivity to CPT-11.
Difference in Topo I protein levels between human
ESCC specimens and normal tissues  To examine
whether Topo I expression is increased in ESCC tumor
lesions, Topo I protein levels in ESCC specimens and their
normal mucosae were examined (Fig. 4A). For 40 ESCC

specimens and their matched normal mucosae, the Tumor/
Normal Topo I Protein Ratios were calculated and the
values are summarized in Fig. 4B. In 37 ESCC patients
without pre-operative therapy, 31 showed 1.2–22.3-fold
increases in Topo I protein levels compared to the normal
mucosa from the same patient. For 6 patients without pre-
operative therapy, Topo I protein levels in the ESCC spec-
imens exhibited 1.5–14.1-fold decreases compared to the
corresponding normal esophageal mucosae. In 2 patients
who had had pre-operative chemotherapy and one patient
who had received pre-operative radiotherapy, the ESCC
specimens exhibited increased Topo I protein levels com-
pared to the corresponding normal mucosae. As a result,
the majority of the ESCC specimens showed increased
Topo I protein levels compared to matched normal muco-
sae. Because elevated Topo I protein expression could
indicate greater potential therapeutic efficacy of CPT-11,
these results suggest that CPT-11 may provide effective
therapy for ESCC tumors. CPT-11 may be a feasible sec-
ond line anti-cancer drug for the treatment of ESCC.

DISCUSSION

CPT-11, a new anti-cancer drug derived from camptothe-
cin, is reported to be effective for treating various cancers
both experimentally and clinically. For ESCC, one clinical
trial using CPT-11 and CDDP has been performed, and the
treatment was reported to be effective.26) Herein, we exam-
ined the therapeutic efficacy of CPT-11 for ESCC experi-
mentally. Evaluating the results of the growth inhibition
assay, we determined the cut-off value of SN-38 as 28 ng/
ml. A clinical study showed that the peak plasma concen-
tration (CMAX) of SN-38 reaches 50 ng/ml and the area
under the curve (AUC) is 667 ng⋅h/ml, when CPT-11 is
administered at a dose of 165 mg/m2.25) It was reported
that the cytocidal effect of SN-38 was manifested soon
after administration and reached a plateau level at 24 h.27)

Therefore, we consider this cut-off value suitable.
For chemotherapy of ESCC, CDDP-based systemic

combination therapy is commonly performed, and CDDP
is a major anti-cancer drug for the treatment of ESCC.
However, the response rate is only 6–37%.28–30) Growth
inhibition assay showed that CPT-11 was effective against
6 (42.9%) ESCC cell lines, which included not only pri-
mary tumors, but also metastatic tumors. Therefore, CPT-
11 could be an effective anti-cancer drug for ESCC.

Topo I protein level could be one indicator of sensitivity
of ESCC to CPT-11, since tumors with high Topo I protein
levels appeared to be more sensitive to CPT-11 treatment.
SN-38, an active metabolite of CPT-11, selectively inhibits
Topo I by stabilizing the Topo I-DNA cleavable com-
plex,12) which results in cell death. The cytotoxicities of
camptothecin and its derivatives are S-phase-specific31)

and time-dependent.13, 14) This is because the cleavable
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Fig. 4. Analysis of Topo I protein levels in ESCC specimens
was performed by western blotting as described before. Forty
surgically resected ESCC specimens and matched normal muco-
sae were analyzed; among the 40 specimens, 2 were from
patients who had received pre-operative chemotherapy (lanes 3,
4) and one from a patient who had received radiotherapy (lanes
5, 6). Tumor/Normal Topo I Protein Ratios are the ratio of tumor
to normal Topo I Protein Index values (B). In 37 patients without
pre-operative therapy ( ), 31 showed 1.2–22.3-fold increases
and 6 showed 1.5–14.1-fold decreases in Topo I protein levels in
the ESCC tumor lesions.
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complex must remain stable until the broken single-strand
DNA is converted into a DNA double-strand break upon
collision with the replication fork. The reason why SN-38
shows strong cytotoxic potency compared to camptothecin
is because the SN-38-induced cleavable complex is more
stable and shows a slower rate of reversal as the drug con-
centration decreases during the course of the metabolism
and excretion.32) Therefore, elevated Topo I protein levels
can increase the number of cleavable complexes and cause
increased DNA damage.33) In colorectal cancers, elevated
Topo I expression has been reported to be related to
increased sensitivity to CPT-11.15, 16) The results presented
here suggest that the same could be true for ESCC.

There is a good relationship between the Topo I protein
level and catalytic activity,18) and the Topo I protein level
reflects the catalytic activity to break and rejoin single
DNA strands. On the other hand, it has been reported that
the levels of Topo I mRNA rise when growth-arrested
HeLa 299 cells are stimulated by serum addition,34) or
when HeLa cells are infected with adenovirus-5.35) How-
ever, the Topo I protein levels and catalytic activities
remain constant. These reports show that increases in Topo
I mRNA levels are not always accompanied by corre-
sponding increases in Topo I protein and catalytic activity.
This is because Topo I protein synthesis can be regulated
at the levels of both transcription and translation. In this
study, there was no relationship between Topo I mRNA
levels and protein levels, and Topo I mRNA levels showed
no correlation with the sensitivity to CPT-11. Therefore,
evaluation of Topo I protein levels may be suitable for
examination of the expression and activity of Topo I.

In ESCC patients, Topo I protein levels in the tumor
lesions were higher than in normal tissues of the same
patients. As a result, CPT-11 could provide selective thera-
peutic efficacy against ESCC tumors experimentally.
Moreover, increased Topo I protein levels were observed
in tumors after chemotherapy or radiotherapy. In this
study, the number of patients who received pre-operative
therapy was small. However, the results suggest that CPT-
11 could be useful as a second line anti-cancer drug, and
further study would be worthwhile.

Our results suggest that CPT-11 could be an effective
anti-cancer drug for both primary and metastatic ESCC
tumors. Moreover, by comparing the Topo I protein
expression levels of ESCC tumors and ESCC cell lines,
the sensitivities of ESCC patients to CPT-11 could be pre-
dicted before treatment. However, these results were
obtained only from the viewpoint of the effect on Topo I.
Naturally, sensitivity to CPT-11 is also regulated by vari-
ous other factors. More indicators of the sensitivity to
CPT-11 should be examined. The use of combinations of
anti-cancer drugs with CPT-11 may make it possible to
improve the poor prognosis of ESCC.

ACKNOWLEDGMENTS

We thank Dr. Satoshi Okabe for helpful comments. This work
was supported in part by a Grant-in-Aid from the Ministry of
Education, Science, Sports and Culture, Japan.

(Received August 6, 2001/Revised September 3, 2001/Accepted
September 11, 2001)

REFERENCES

1) Iizuka, T., Kakegawa, T., Ide, H., Ando, N., Watanabe, H.,
Tanaka, O., Takagi, I., Isono, K., Ishida, K. and Arimori,
M.  Phase II evaluation of cisplatin and 5-fluorouracil in
advanced squamous cell carcinoma of the esophagus: a Jap-
anese Esophageal Oncology Group Trial.  Jpn. J. Clin.
Oncol., 22, 172–176 (1992).

2) Ilson, D. and Kelsen, D.  Systemic therapy in esophageal
cancer. In “Comprehensive Textbook of Thoracic Oncol-
ogy,” ed. J. Aisner, R. Arriagada and M. Green, pp. 630–
649 (1996). William & Wilkins, Baltimore.

3) Wall, M. E., Wani, M. C., Cook, C. E., Palmar, K. H.,
MacPhail, A. T. and Sim, G. A.  Plant antitumor agents. I.
The isolation and structure of camptothecin, a novel alkaloi-
dal leukemia and tumor inhibitor from Camptotheca acumi-
nata.  J. Am. Chem. Soc., 88, 3888–3890 (1966).

4) Gallo, R. C., Whang-Peng, J. and Adamson, R. H.  Studies
on the antitumor activity, mechanism of action, and cell
cycle effects of camptothecin.  J. Natl. Cancer Inst., 46,
789–795 (1971).

5) Gottlieb, J. A., Guarino, A. M., Call, J. B., Oliverio, V. T.

and Block, J. B.  Preliminary pharmacologic and clinical
evaluation of camptothecin sodium (NSC-100880).  Cancer
Chemother. Rep., 54, 461 (1970).

6) Muggia, F. M., Creaven, P. J., Hansen, H. H., Cohen, M. H.
and Sealwry, O. S.  Phase I clinical trial of weekly and
daily treatment with camptothecin (NSC-100880).  Cancer
Chemother. Rep., 56, 515 (1972).

7) Schaeppi, U., Fleischman, R. W. and Cooney, D. A.  Toxic-
ity of camptothecin (NSC-100880).  Cancer Chemother.
Rep. [3], 5, 25–36 (1974).

8) Kunimoto, T., Nitta, K., Tanaka, T., Uehara, N., Baba, H.,
Takeuchi, M., Yokokura, T., Sawada, S., Miyasaka, T. and
Mutai, M.  Antitumor activity of 7-ethyl-10-[4-(1-piperi-
dino)-1-piperidino]carbonyloxycamptothecin, a novel
water-soluble derivative of camptothecin, against murine
tumors.  Cancer Res., 47, 5944–5947 (1987).

9) Kaneda, K., Nagata, T., Furuta, T. and Yokokura, T.
Metabolism and pharmacokinetics of the camptothecin ana-
logue CPT-11 in the mouse.  Cancer Res., 50, 1715–1720
(1990).

query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1518165&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4995657&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4946015&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4946015&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=5081595&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4213507&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3664496&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2306725&dopt=Abstract


Effects of CPT-11 on Esophageal Cancer

1341

10) Kawato, Y., Aonuma, M., Hirota, Y., Kuga, H. and Sato, K.
Intracellular roles of SN-38, a metabolite of the camptothe-
cin derivative CPT-11, in the antitumor effect of CPT-11.
Cancer Res., 51, 4187–4191 (1991).

11) Tsuji, K., Kaneda, N., Kado, K., Yokokura, T., Yoshimoto,
T. and Tsuru, D.  CPT-11 converting enzyme from rat
serum: purification and some properties.  J. Pharmacobio-
dyn., 14, 341–349 (1991).

12) Tanizawa, A., Fujimori, A., Fujimori, Y. and Pommier, Y.
Comparison of topoisomerase I inhibition, DNA damage,
and cytotoxicity of camptothecin derivatives presently in
clinical trials.  J. Natl. Cancer Inst., 86, 836–842 (1994).

13) Hsiang, Y. H., Lihou, M. G. and Liu, L. F.  Arrest of repli-
cation forks by drug-stabilized topoisomerase I-DNA cleav-
able complexes as a mechanism of cell killing by camp-
tothecin.  Cancer Res., 49, 5077–5082 (1989).

14) Holm, C., Covey, J. M., Kerrigan, D. and Pommier, Y.
Differential requirement of DNA replication for the cyto-
toxicity of DNA topoisomerase I and II inhibitors in Chi-
nese hamster DC3F cells.  Cancer Res., 49, 6365–6368
(1989).

15) Sugimoto, Y., Tsukahara, S., Oh-hara, T., Isoe, T. and
Tsuruo, T.  Decreased expression of DNA topoisomerase I
in camptothecin-resistant tumor cell lines as determined by
a monoclonal antibody.  Cancer Res., 50, 6925–6930
(1990).

16) Jansen, W. J. M., Zwart, B., Hulscher, S. T. M., Giaccone,
G., Pinedo, H. M. and Boven, E.  CPT-11 in human colon-
cancer cell lines and xenografts: characterization of cellular
sensitivity determinants.  Int. J. Cancer, 70, 335–340
(1997).

17) Giovanella, B. C., Stehlin, J. S., Wall, M. E., Wani, M. C.,
Nicholas, A. W., Liu, L. F., Silber, R. and Potmesil, M.
DNA topoisomerase I-targeted chemotherapy of human
colon cancer in xenografts.  Science, 246, 1046–1048
(1989).

18) Husain, I., Mohler, J. L., Seigler, H. F. and Besterman, J.
M.  Elevation of topoisomerase I messenger RNA, protein,
and catalytic activity in human tumors: demonstration of
tumor-type specificity and implications for cancer chemo-
therapy.  Cancer Res., 54, 539–546 (1994).

19) Ohashi, N., Fujiwara, Y., Yamaoka, N., Katoh, O., Satow,
Y. and Yamakido, M.  No alteration in DNA topoisomerase
I gene related to CPT-11 resistance in human lung cancer.
Jpn. J. Cancer Res., 87, 1280–1287 (1996).

20) Van Ark-Otte, J., Kedde, M. A., van der Vijgh, W. J.,
Dingemans, A. M., Jansen, W. J., Pinedo, H. M., Boven, E.
and Giaccone, G.  Determinants of CPT-11 and SN-38
activities in human lung cancer cells.  Br. J. Cancer, 77,
2171–2176 (1998).

21) Nishihira, T., Hashimoto, Y., Katayama, M., Mori, S. and
Kuroki, T.  Molecular and cellular features of esophageal
cancer cells.  J. Cancer Res. Clin. Oncol., 119, 441–449

(1993).
22) Carmichael, J., DeGraff, W. G., Gazdar, A. F., Minna, J. D.

and Mitchell, J. B.  Evaluation of a tetrazolium-based semi-
automated colorimetric assay: assessment of chemosensitiv-
ity testing.  Cancer Res., 47, 936–942 (1987).

23) Sambrook, J., Fritsch, E. F. and Maniatis, T. “Molecular
Cloning: A Laboratory Manual” (1989). Cold Spring Har-
bor Laboratory, Cold Spring Harbor, New York.

24) Harlow, E. and Lane, D. “Anitbodies: A Laboratory Man-
ual” (1988). Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York.

25) Taguchi, T., Wakui, A., Hasegawa, K., Niitani, H., Furue,
H., Ohta, K. and Hattori, T.  Phase I clinical study of CPT-
11.  Jpn. J. Cancer Chemother., 17, 115–120 (1990).

26) Ilson, D. H., Saltz, L., Enzinger, P., Huang, Y., Kornblith,
A., O’Reilly, E., Schwartz, G., DeGroff, J., Gonzalez, G.
and Kelsen, D. P.  Phase II trial of weekly irinotecan plus
cisplatin in advanced esophageal cancer.  J. Clin. Oncol.,
17, 3270–3275 (1999).

27) Aiba, K., Funakoshi, T., Mizunuma, N., Dobashi, N.,
Hirano, A., Sano, M., Kuraishi, Y., Kamada, M., Ohno, N.,
Sugimoto, Y., Tsuruo, T., Shibata, H. and Horikoshi, N.
Antitumor effect of SN-38, active form of CPT-11, on
human colorectal cancer cell line.  Jpn. J. Cancer
Chemother., 21, 1601–1606 (1994).

28) Davis, S., Shanmugathasa, M. and Kessler, W.  cis-Dichlo-
rodiammineplatinum(II) in the treatment of esophageal car-
cinoma.  Cancer Treat. Rep., 64, 709–711 (1980).

29) Panettiere, F. J., Leichman, L., O’Bryan, R., Haas, C. and
Fletcher, W.  cis-Diamminedichloride platinum(II), an
effective agent in the treatment of epidermoid carcinoma of
the esophagus; a preliminary report of an ongoing South-
west Oncology Group study.  Cancer Clin. Trials, 4, 29–31
(1981).

30) Engstrom, P. F., Lavin, P. T. and Klaassen, D. J.  Phase II
evaluation of mitomycin and cisplatin in advanced esoph-
ageal carcinoma.  Cancer Treat. Rep., 67, 713–715 (1983).

31) Horwitz, S. B. and Horwitz, M. S.  Effects of camptothecin
on the breakage and repair of DNA during the cell cycle.
Cancer Res., 33, 2834–2836 (1973).

32) Tanizawa, A., Kohn, K. W., Kohlhagen, G., Leteurtre, F.
and Pommier, Y.  Differential stabilization of eukaryotic
DNA topoisomerase I cleavable complexes by camptothecin
derivatives.  Biochemistry, 34, 7200–7206 (1995).

33) Pommier, Y.  Eukaryotic DNA topoisomerase I: genome
gatekeeper and its intruders, camptothecins.  Semin. Oncol.,
23, 3–10 (1996).

34) Romig, H. and Richter, A.  Expression of the topoisomerase
I gene in serum stimulated human fibroblasts.  Biochim.
Biophys. Acta, 1048, 274–280 (1990).

35) Romig, H. and Richter, A.  Expression of the type I DNA
topoisomerase gene in adenovirus-5 infected human cells.
Nucleic Acids Res., 18, 801–808 (1990).

query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1651156&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1783980&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8182764&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2548710&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2553254&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2170010&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9033637&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2555920&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8275492&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9045964&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9649129&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8509434&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8509434&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3802100&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2404454&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10506629&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8060134&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7191780&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7194161&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6683591&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4748440&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7766631&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8633251&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2157495&dopt=Abstract
query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2156232&dopt=Abstract

