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Previously, we demonstrated that CPT-11 is an effective agent
against esophageal squamous cell cancers (ESCC), and that the
protein level of DNA topoisomerase | can be a predictor for sensi-
tivity to CPT-11 (Jpn J Cancer Res 2001; 92: 1335-41). Here, we de-
scribe our search for additional predictors of sensitivity to CPT-11,
mainly among cell cycle-regulating proteins, because the cytotox-
icity of CPT-11 is significantly correlated with the percentage of
ESCC cells in S-phase. To this end, we selected and examined the
expressions of 5 proteins involved in G;-S transition, i.e., p53, cy-
clin D1, p21, p27, and pRB, in 14 ESCC cell lines by western blot
analysis. Among these proteins, the expression levels of p21 and
pRB showed significant differences that were associated with the
IC5, values for CPT-11 (P=0.0339 and P=0.0109, respectively).
Namely, the expression of p21 or pRB independently could be a
good indicator of CPT-11 efficacy in ESCC. In addition, the cell
proliferation activities examined by enzyme-linked immunosor-
bent assay (ELISA) using 5-bromo-2’-deoxyuridine (BrdU) showed
a significant correlation with the percentage of total S-phase cells
(correlation coefficient=0.568, P=0.0324), and an inverse correla-
tion with the 1C;, values for CPT-11 (correlation coefficient=
-0.601, P=0.0213). Because, as in the case of DNA topoisomerase
I, the cell proliferation activity determined using BrdU shows a
close relationship with the MIB-1 labeling index, immunohis-
tochemical studies of p21, pRB, and MIB-1 in resected ESCC speci-
mens and/or biopsy samples could make it possible to predict
more precisely the sensitivity of ESCC patients to CPT-11 prior to
treatment. (Cancer Sci 2004; 95: 464-468)

In recent years, many anti-cancer drugs have been developed
that show potent anti-tumor activities against various experi-
mental and clinical cancers. Moreover, combination chemother-
apy using several anti-cancer drugs plays an important role in
improving therapeutic efficacy. For esophageal squamous cell
cancers (ESCC), cis-dichlorodiammineplatinum (II) (CDDP) is
the key drug used for treatment, with 5-fluorouracil and/or leu-
covorin mainly used together as biochemical modulators."?
Recently, paclitaxel, docetaxel, and CPT-11 have been selected
as therapeutic agents against ESCC, and some clinical trials us-
ing these agents together with CDDP?*- have indicated them to
have a significant clinical impact. Anti-cancer drugs demon-
strate excellent therapeutic efficacy if the cancer cells are sensi-
tive to the drugs. However, inappropriate anti-cancer treatments
could cause rapid tumor progression in addition to severe side
effects. Therefore, it is very important to predict the sensitivity
of a cancer to anti-cancer drugs on the basis of molecular bio-
logical characteristics to avoid ineffective or harmful treat-
ments, as well as to improve the poor prognosis of ESCC
patients.

Previously, we demonstrated that CPT-11 is an effective anti-
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cancer agent for ESCC, and that the protein level of DNA to-
poisomerase I can be used as a predictor for sensitivity to CPT-
11.9 In ESCC, several cell cycle-regulating factors, such as
pS3, p21, cyclin D1, and pRB, exhibit abnormal expressions,
and play important roles in tumor invasion, metastatic potential,
and the patients’ prognosis.”-!'® Because the cytotoxicity of
CPT-11 is S-phase-specific,'¥ the abnormal expressions of pro-
teins that regulate G,-S transition through the cell cycle could
have important correlations with sensitivity to CPT-11. There-
fore, this study was undertaken in an attempt to find additional
predictors, mainly among cell cycle-regulating proteins, for
sensitivity to CPT-11. The cell proliferation activities of ESCC
cell lines were also examined for a correlation with the thera-
peutic efficacy of CPT-11.

Materials and Methods

Cell lines. Twelve human ESCC cell lines of the TE series'>
were kindly provided by Dr. T. Nishihira of the Cell Resource
Center for Biomedical Research, Institute of Development, Ag-
ing and Cancer, Tohoku University. EC-GI-10 was obtained
from the Riken Gene Bank, and TT was from the Human Sci-
ence 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 the rest were from met-
astatic lesions.

Cells were grown in Dulbecco’s modified Eagle’s medium
(Gibco, Grand Island, NY) supplemented with 10% sterile, fil-
tered fetal bovine serum (Moregate BioTech, Bulimba, QLD,
Australia) and 100 U/ml penicillin G, 100 pug/ml streptomycin,
and 0.25 pg/ml amphotericin B (Antibiotec-Antimycotic,
Gibco) at 37°C in a humidified 5% CO, atmosphere.

Cell cycle analysis. Cell cycle analysis was performed by fluo-
rescence-activated cell sorting (FACS) as previously de-
scribed.!® Briefly, semi-confluent ESCC cells grown in culture
dishes were suspended in 1 ml of 0.5% RNase solution at a cell
concentration of 1x10%/ml. Cells were stained with propidium
iodide at a final concentration of 50 pLg/ml, and analyzed with a
FACSCalibur (Becton Dickinson, San Jose, CA). The percent-
ages of total S-phase cells were evaluated using Modfit LT ver.
3.0 for Macintosh (Verity Software House, Inc., Topsham, ME).
The percentages of total S-phase cells are expressed as the
means of 3 independent experiments.

Antibodies. Anti-p53 antibody (DO-1, Santa Cruz Biotechnol-
ogy, Inc., Santa Cruz, CA) was used at a dilution of 1:4000,
anti-cyclin D1 antibody (DCS-6, DAKO, Glostrup, Denmark)
at 1:200, anti-p21 antibody (F-5, Santa Cruz Biotechnology,
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Inc.) at 1:200, anti-p27 antibody (F-8, Santa Cruz Biotechnol-
ogy, Inc.) at 1:200, and anti-pRB antibody (G3-245, Pharmin-
gen, San Diego, CA) at 1:500. As an internal control, anti-p-
actin antibody (AC-15, Sigma, St. Louis, MO) was used at
1:5000 dilution. As the secondary antibody, anti-mouse IgG-AP
(Santa Cruz Biotechnology, Inc.) was used at 1:2000 dilution.

Immunoblot analysis. Protein extraction and immunoblotting
were performed essentially as described previously.® To extract
protein from cells, culture dishes containing semi-confluent
cells were washed 3 times with ice-cold phosphate-buffered sa-
line (PBS), and then the cells were harvested. Cells were lysed
in buffer including 50 pg/ml phenylmethylsulfonyl fluoride
(PMSF), 5 ul/ml aprotinin, 5 pg/ml leupeptin, 5 uM NaF, and
0.2 UM sodium orthovanadate in NETN [20 mM Tris-HCI1 (pH
8.0), 100 mM NaCl, 1 mM EDTA, and 0.5% NP-40], and incu-
bated on ice for 30 min. Protein extracts were obtained after
centrifugation at 14,000 rpm for 15 min at 4°C, and quantified
by means of the Bradford assay (Bio-Rad Protein Assay, Bio-
Rad Laboratories, Hercules, CA).

The extracted proteins were boiled with an equal volume of
2x SDS sample buffer [2% SDS, 0.1% bromophenol blue, 100
mM dithiothreitol, and 10% glycerol in 50 mM Tris-HCI (pH
6.8)], resolved by electrophoresis in SDS-polyacrylamide gels,
and transferred to PVDF membranes (Hybond-P, Amersham
Pharmacia Biotech, Buckinghamshire, UK).

The membranes were blocked with 5% powdered milk in
TBST [10 mM Tris-HCI (pH 8.0), 150 mM NacCl, and 0.075%
Tween 20] for 1 h at room temperature, and then incubated
overnight with a primary antibody at 4°C. The membranes were
then washed 4 times with TBST, and the bound antibodies were
detected using alkaline phosphatase-conjugated secondary anti-
bodies, and developed using Immune-Star (Bio-Rad Laborato-
ries) with a lumino-image analyzer (LAS-1000, Fuji Film,
Tokyo).

The antibodies were removed by washing the membranes in
removal solution [100 mM 2-mercaptoethanol, 2% SDS, and
62.5 mM Tris-HCI (pH 6.7)] at 60°C for 30 min, and the mem-
branes were re-blotted for P-actin to confirm that equal
amounts of protein were loaded.

Cell proliferation assay. The proliferation activities of the
ESCC cell lines were analyzed by enzyme-linked immunosor-
bent assay (ELISA) using a Cell Proliferation ELISA system,
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Fig. 1. Cell cycle analysis of 14 ESCC cell lines performed by FACS (A).
The percentages of total S-phase cells ranged from 13.213 to 45.453
with a mean+SD of 27.558+10.011. The mean percentages of total S-
phase cells in primary tumor cell lines (@) and metastatic tumor cell
lines () were 29.086+9.299 and 23.739+12.150, respectively (B). The
percentages of total S-phase cells in the 14 cell lines show an inverse
correlation with the ICs, values for SN-38 (correlation coefficient=
-0.631, P=0.0138).
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version 2 (Amersham Pharmacia Biotech) according to the
manufacturer’s instructions. In brief, suspensions of each of the
14 ESCC cell lines at 2.5x 105 cells/ml were seeded in 96-well
microplates. After incubation at 37°C in a humidified 5% CO,
atmosphere for 24 h, the cells were exposed to 10 UM 5-bromo-
2’-deoxyuridine (BrdU) solution for 2 h, followed by cell fixa-
tion, DNA denaturation and blocking. After incubation with
peroxidase-labelled anti-BrdU, the wells were rinsed and
3,3",5,5-tetramethylbenzidine (TMB) in 15% dimethylsulfoxide
(DMSO) was added. The samples were mixed for 10 min, after
which 1 M sulfuric acid was added to stop the reaction, and the
absorbance was measured at 450 nm using a microplate reader
(Model 550, Bio-Rad Laboratories). The cell proliferation ac-
tivity values are expressed as the means of at least 3 indepen-
dent experiments, each performed in 5 replicates.

Statistical evaluation. Univariate analysis was performed by
means of the Mann-Whitney U test. The correlation test was
performed using Pearson’s correlation coefficient. The values
of the percentage of total S-phase cells, cell proliferation activ-
ity, and ICs, (50% inhibition of cell growth of treated cells
compared with control cells) are expressed as meanztstandard
deviation (SD). All statistical evaluations were performed by
Stat View 5.0 for Macintosh (HULINKS, Inc., Tokyo). P<0.05
was considered statistically significant.

Results

Relationship between sensitivity to CPT-11 and the percentage of
total S-phase ESCC cells. Because the cytotoxicity of CPT-11 is S-
phase-specific,'¥ we hypothesized that tumors with a high per-
centage of S-phase cells were more likely to be damaged by
CPT-11, and that CPT-11 would be effective against such tu-
mors. Therefore, at first, the cell cycles of 14 ESCC cell lines
were analyzed by FACS (Fig. 1A). The percentages of total S-
phase cells ranged from 13.213 to 45.453 with a mean*SD of
27.558£10.011. The percentages of total S-phase cells in pri-
mary tumor cell lines and metastatic tumor cell lines were
29.0861£9.299 and 23.739+12.150, respectively, showing no
significant difference by the Mann-Whitney U test.

To examine the relationship between the therapeutic efficacy
of CPT-11 and the percentage of S-phase cells, the ICs, values
for CPT-11 described previously (Fig. 2)® and the percentages
of total S-phase cells of 14 ESCC cell lines were analyzed. An
inverse correlation was observed between the ICs, values for
CPT-11 and the percentage of total S-phase cells (correlation
coefficient=—0.631, P=0.0138: Fig. 1B). This result may indi-
cate that CPT-11 is effective against ESCC tumors with a high
percentage of S-phase cells.
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Fig. 2. 1C5, values of 14 ESCC cell lines for SN-38, an active metabolite

of CPT-11, were determined by growth inhibition assay as described
before.®
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Relationship between sensitivity to CPT-11 and the expression of
cell cycle-regulating proteins. Because ESCC tumors with a high
percentage of S-phase cells may respond to CPT-11, the expres-
sion levels of cell cycle-regulating proteins, especially those in-
volved in G;-S transition, could be good indicators for CPT-11
sensitivity. Therefore, we examined the expressions of 5 cell
cycle-regulating proteins (p53, cyclin D1, p21, p27, and pRB)
in 14 ESCC cell lines by western blot analysis (Fig. 3). The
overexpression of p53 and cyclin D1 was detected in 8 (57.1%)
and 5 (35.7%) cell lines, respectively. High levels of p21 and
p27 expression were detected in 10 (71.4%) and 6 (42.9%) cell
lines, respectively. There was no significant difference in the
expression levels of these proteins between primary tumor cell
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Fig. 3. Western blotting for p53, cyclin D1, p21, p27, pRB, and B-actin
in 14 ESCC cell lines. Protein samples extracted from each of 14 ESCC
cell lines were separated in SDS-polyacrylamide gels, and transferred to
PVDF membranes. The protein bands were detected by chemilumines-
cence. p53 was detected as a 53 kDa band, cyclin D as a 33 kDa band,
p21 as a 21 kDa band, p27 as a 27 kDa band, pRB as a 110 kDa band,
and B-actin as a 42 kDa band. The overexpression of p53 and cyclin D1
was detected in 8 (57.1%) and 5 (35.7%) cell lines, respectively. High
expression levels of p21 and p27 were detected in 10 (71.4%) and 6
(42.9%) cell lines, respectively. The TE-1, TE-10, and EC-GI-10 cell lines
showed no pRB expression, while pRB in TE-4 cells was in a hypophos-
phorylated state.

Table 1.

lines and metastatic tumor cell lines (data not shown). As for
pRB, 3 cell lines (TE-1, TE-10, and EC-GI-10) showed no ex-
pression, and one cell line (TE-4) showed only the hypophos-
phorylated form. When pRB is hypophosphorylated, the cells
are either quiescent or in early G,;-phase. However, the protein
samples analyzed were extracted from cycling cells in culture
dishes. Therefore, it is unlikely that all TE-4 cells were in G, or
early G, phase. It has been reported that some mutated forms of
pRB cannot be phosphorylated, and, as a result, show func-
tional loss.'7-20 The TE-4 protein band detected was considered
to represent an aberrant and non-functional pRB. As a result,
these 4 cell lines were categorized as abnormal for pRB expres-
sion. There was also no significant difference in terms of pRB
expression between primary tumor cell lines and metastatic tu-
mor cell lines (data not shown).

Among 5 cell cycle-regulating factors, the expression levels
of p21 and pRB showed significant differences in terms of the
percentages of total S-phase cells by the Mann-Whitney U test
(P=0.0477 and P=0.0339, respectively: Table 1). The percent-
ages of total S-phase cells in the high and low p21 expression
groups were 30.670+£9.367 and 19.778+7.623, respectively,
and the percentages of total S-phase cells showing normal and
abnormal pRB  expression were 30.71919.266 and
19.656+7.756, respectively. These results suggest that ESCC
cell lines showing a low expression of p21 and/or aberrant ex-
pression of pRB have significantly low percentages of total S-
phase cells.

The ICs, values for CPT-11 in 14 ESCC cell lines have been
described before.® Using those results, the relationship between
the expression levels of cell cycle-regulating proteins and the
efficacy of CPT-11 was examined by means of the Mann-Whit-
ney U test (Table 2). As a result, the expression levels of p21
and pRB showed significant differences that were associated
with the ICs, values for CPT-11 (P=0.0339 and P=0.0109, re-
spectively). In particular, the mean ICy, values of the low p21
expression group and the aberrant pRB group were 114.845 ng/
ml and 128.560 ng/ml, respectively. These ICs, values are re-
markably high, and, thus, CPT-11 is expected to be ineffective
in cases showing a low expression of p21 and/or abnormal ex-
pression of pRB. These results suggest that the expression of
p21 or pRB independently can be a good indicator of CPT-11
efficacy in ESCC.

Relationship between percentages of total S-phase cells and cell proliferation

activity values, and the expressions of cell cycle regulating proteins

Percentage of

Cell proliferation

total S-phase cells P value activity value P value
(mean+SD) (mean+SD)

p53 0.6985 0.1213
Normal 28.688+11.606 2.410+0.245
Overexpression 26.711+£9.381 1.836+0.738

Cyclin D1 0.2571 0.0719
Normal 25.266+9.788 1.866+0.696
Overexpression 31.684+0.050 2.472+0.215

p21 0.0477 0.0237
High 30.670+9.367 2.342+0.496
Low 19.778+7.623 1.432+0.471

p27 0.1556 0.1556
High 31.724£8.990 2.383+0.291
Low 24.4341£10.118 1.857+0.744

pRB 0.0339 0.0047
Normal 30.719+9.266 2.426+0.340
Abnormal 19.656+7.756 1.223+0.153
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Table 2. Relationship between ICs, values of CPT-11 and the expres-
sions of cell cycle-regulating proteins

1C5, value

(mean+SD) P value
p53 0.6985
Normal 37.200+29.072
Overexpression 70.718+87.556
Cyclin D1 0.6407
Normal 66.776+82.750
Overexpression 37.592+32.486
p21 0.0339
High 32.956+32.446
Low 114.845+105.049
p27 0.2453
High 32.123+£31.996
Low 74.525+84.901
PRB 0.0109
Normal 27.470+25.633
Abnormal 128.560+94.214

Relationship between sensitivity to CPT-11 and cell proliferation
activity. The cell proliferation activities of 14 ESCC cell lines in
vitro were determined by ELISA using BrdU (Fig. 4A). The
cell proliferation activity values ranged from 0.999 to 3.083
with a mean=SD of 2.082+0.635. The cell proliferation activ-
ity values of primary tumor cell lines and metastatic tumor cell
lines were 2.20310.648 and 1.780£0.565, respectively, and
there was no significant difference between these 2 groups
(Mann-Whitney U test).

A significant correlation was found between the cell prolifer-
ation activity values and the percentages of total S-phase cells
(correlation coefficient=0.568, P=0.0324). Because BrdU is in-
corporated instead of thymidine into the DNA during DNA
synthesis in proliferating cells, the cell proliferation activity us-
ing BrdU shows the ability to synthesize DNA, and reflects the
percentage of total S-phase cells. As in the cell cycle analysis,
among the 5 cell cycle-regulating factors, the expressions of
p21 and pRB showed significant differences with cell prolifera-
tion activity values according to the Mann-Whitney U test
(P=0.0237 and P=0.0047, respectively: Table 1). This suggests
that ESCC cell lines showing low expression of p21 and/or ab-
errant expression of pRB have significantly poorer cell prolifer-
ation activities. Moreover, there was an inverse correlation
observed between the ICs, values for CPT-11 and the cell pro-
liferation activity values (correlation coefficient=-0.601,
P=0.0213: Fig. 4B). This may indicate that high cell prolifera-
tion activity leads to an increased chance of ESCC cells enter-
ing S-phase, resulting in increased DNA damage by CPT-11;
thus, cell proliferation activity could be an important indicator
for sensitivity to CPT-11.

Discussion

In the previous study, we described the efficacy of CPT-11
for the treatment of ESCC, and suggested that the protein level
of DNA topoisomerase I could be a predicting factor for the ef-
fect of CPT-11.9 In the present study, we have found a signifi-
cant relationship between the effect of CPT-11 and the
percentage of S-phase cells. Following this result, we focused
on cell cycle-regulating factors, and examined the relationship
between the expression of individual cell cycle-regulating pro-
teins and the therapeutic efficacy of CPT-11. As a result, the
expressions of p21 and pRB were found to be predicting factors
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Fig. 4. Cell proliferation activity values of 14 ESCC cell lines mea-
sured by ELISA using BrdU (A). Cell proliferation activity values ranged
from 0.999 to 3.083 with a mean+SD of 2.082+0.635. The mean cell
proliferation activities of primary tumor cell lines (@) and metastatic
tumor cell lines (O) were 2.203+0.648 and 1.780+0.565, respectively
(B). The cell proliferation activity values of the 14 cell lines show an in-
verse correlation with the IC;, values for SN-38 (correlation
coefficient=-0.601, P=0.0213).

for sensitivity of ESCC to CPT-11. Namely, ESCC cell lines
showing a low expression of p21 and/or aberrant expression of
pRB were remarkably unresponsive to CPT-11 treatment.

Moreover, in this study, we examined cell proliferation activ-
ity using BrdU, and found a relationship with sensitivity to
CPT-11. Because it has been reported that cell proliferation ac-
tivity as determined using BrdU is closely related to the MIB-1
labeling index,”'-?® immunohistochemical studies of MIB-1
may make it possible to predict sensitivity to CPT-11 before
treatment. Namely, our results suggest that immunohistochemi-
cal examinations of p21, pRB, and MIB-1, in addition to DNA
topoisomerase I, in resected ESCC specimens and/or biopsy
samples could be good indicators for sensitivity of ESCC pa-
tients to CPT-11.

CDDP is currently the key drug for the treatment of ESCC.
However, its therapeutic efficacy is not satisfactory. Recently,
CPT-11 has been reported to be effective for the treatment of
many solid cancers, and has been selected as a second-line ther-
apy. As for ESCC, CPT-11 is reported to be effective as a sec-
ond-line chemotherapeutic agent when used with CDDP or
docetaxel,>?4-20 and is a feasible option for use as a second-line
chemotherapeutic agent. However, at the same time, CPT-11
causes severe adverse effects such as diarrhea, neutropenia, and
nausea. ESCC patients with unresectable or relapsed tumors of-
ten develop poor performance status. Therefore, especially for
second-line chemotherapy, it is important to predict the
chemosensitivity of the cancer prior to treatment to avoid inef-
fective or harmful results. Our data suggest that examining the
protein expressions of p21, pRB, and MIB-1 might be helpful
for predicting the sensitivity of ESCC patients to CPT-11.

As for the relationship between ESCC chemosensitivity and
cell cycle-regulating proteins, p53,%7-2® cyclin D1,> p21,30-32
and MIB-1%¥ are reported to be effective markers. Many anti-
cancer drugs, including CPT-11, demonstrate cytotoxicity by
damaging DNA, and have S-phase-specific activity. Therefore,
to examine the expressions of p21, pRB, and MIB-1 may help
to predict tumor sensitivity to many anti-cancer agents, not only
CPT-11.

Recently, various factors, such as p16ink4, NF kappaB, and
MDM?2, which regulate sensitivity to CPT-11, have been re-
ported in many solid cancers.?*-3 In the future, it will be neces-
sary to clarify the mechanism of the anticancer effect of CPT-
11 and to look for more predicting factors for sensitivity to
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CPT-11. This will help to identify enhancers of the therapeutic
effect of CPT-11, and thus may lead to an improvement in the
poor prognosis of ESCC patients.
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