
Abstract. Background: Human DNA topoisomerase I (topo 1) is
an essential nuclear enzyme involved in vital cellular processes and
the sole target of antitumor drugs of the camptothecin (CPT)
family. The CPT derivative topotecan (Tpt, Hycamtin®) is
currently used in clinic, its effectiveness varying considerably for
different types of cancer. The purpose of this study was to compare
time- and dose-dependent cellular responses to Tpt in terms of
alterations in the amount and stability of topo 1 in lung
adenocarcinoma (A-549), ovarian adenocarcinoma (CaOv-3),
colorectal adenocarcinoma (HT-29) and breast adenocarcinoma
(MCF-7) cell lines. Materials and Methods: Western blot analysis
of the time-dependent redistribution of a full-size topo 1 and its
proteolytical fragments was performed after Tpt treatment for 1 h at
concentrations 10-fold or 100-fold higher than the Tpt IC50 for the
respective cell lines. Results: Tpt treatment of the CaOv-3 cell line
produced a substantial time-dependent decrease in the amount of
topo 1 immunoprotein. Conversely, the MCF7 cell line did not
exhibit a topo 1-associated response to the Tpt treatment. Strong
but different time- and dose-dependent topo 1 down-regulation
effects were observed in the HT-29 and A-549 cell lines.
Conclusion: The data obtained indicate that Tpt-induced time-
and dose-dependent effects on the amount and stability of topo 1
are involved in the mechanisms of Tpt activity against different
solid tumor cell lines.

Topo 1 is an abundant nuclear enzyme involved in the

control of the topological state of DNA during DNA

replication, transcription and recombination (1) and

identified as a sole intracellular target of anticancer drugs

of the camptothecin (CPT) family (2,3). These agents inhibit

the religation step of the topo 1 catalysis by stabilizing the

enzyme–DNA cleavable complex. The interaction of the

drug-stabilized cleavable complexes with the advancing

replication fork leads to cell death (4).

Tpt is one of the first derivatives of CPT approved for

clinical trials (5). Despite the fact that this drug exerts similar

effects on different cancer cell lines (6), it is most effective

against ovarian cancer and SCLC (7) but practically ineffective

against colorectal cancer in clinic (8). Tpt response rates at any

schedules of administration never reach 50%, which is

somewhat disappointing given the effect observed in xenograft

models (9). Three groups of factors may lead to the resistance

of cancer cells to CPT drugs: factors related to the drug

metabolism and uptake, drug-induced alteration of topo 1 and

complex post-cleavage mechanisms related to the multiple

pathways of cell death (10). Recent data indicate that CPTs

are not S-phase-specific drugs and that the rate of topo 1

expression is not the only critical determinant of cancer cell

sensitivity to CPTs (11). Moreover, the cellular responses

downstream of the formation cleavable complexes are different

in different types of cancer cells and presumably determine the

cells’ sensitivity to the drug treatment. It was shown that CPTs

induce activated DNA double-strand break repair and

ubiquitin/26S-proteasome-dependent degradation of topo 1

(12). On the contrary, topo 1 caspase-mediated cleavage to

relatively stable fragments was observed in cells undergoing

apoptosis induced by Tpt (13). Since protein stability seems to

be crucial for the initiation and accomplishment of apoptosis,

the study of topo 1 proteolysis after Tpt treatment may provide

information concerning the mechanisms of cell resistance that

can be evaluated clinically.

This paper describes a comparative study of cellular

responses to Tpt in a panel of four human solid tumor cell

lines. These responses were estimated in terms of

alterations in the total amount of topo 1 immunoprotein,

full-size 100-kDa topo 1 and its proteolytic 80-, 72- and 68-

kDa fragments as a function of the time of Tpt treatment

and dose of Tpt. The choice of cell lines was determined by
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different clinical sensitivities of ovarian, colon, lung and

breast cancers to Tpt treatment in clinic. The results

demonstrated differential cellular effects induced by Tpt,

which should be taken into account when considering the

Tpt efficacy as a drug for different types of cancer.

Materials and Methods

The drug and cell culture. Tpt (Hycamtin®) was obtained from

Laboratoire GlaxoSmithKline, Marly le Roi, France, and used as

received. A 10-2 M stock solution was prepared in ethanol, and

aliquots were stored at -20ÆC. A-549, HT-29, MCF-7 (ATCC,

Rockville, MD, USA) and CaOv-3 cells (provided by Dr. L. Devy,

University of Liege, Belgium) were maintained as a monolayer in

RPMI 1640 with Glutamax (Gibco-BRL) supplemented with 10%

heat-inactivated fetal calf serum (Gibco) in a humidified

atmosphere containing 5% CO2 (v/v) at 37ÆC. The test for growth

inhibition was performed as described in (3).

Topotecan treatment. Exponentially growing cells were trypsinized

and plated in 100-mm Petri dishes (Nunc). The cells were allowed

to attach and grow for 48 h at 37ÆC in a humidified atmosphere

containing 5% CO2 (v/v). Then, Tpt was diluted with the medium

to the desired concentrations and added to the cells. After Tpt

treatment for 1 h, the cells were washed two times with a fresh

medium and used for the preparation of nuclear extracts

immediately after washing or after additional incubation in a Tpt-

free medium for 1 or 6 h.

Preparation of nuclear extracts. Nuclear extracts of cells treated with

Tpt were prepared according to the TopoGEN (USA) protocol for

Western blotting applications.

Western blotting and densitometry. Proteins of nuclear extracts were

separated by 8% PAGE and transferred to nitrocellulose

membranes. The blotting was performed using anti-topo 1

antibodies (provided by Dr. I. Bronstein, IAH, BBSRC Compton,

UK). Primary antibodies were detected by using peroxidase-

conjugated polyclonal anti-mouse Ig (Amersham) and the blots

were developed using the enhanced chemiluminescence technique

(ECL detection system, Amersham and Kodak X-Omat AR film).

The film was scanned and the intensity of each band was analyzed

using the BIO 1D densitometry analyzing software (Vilbert

Lourmat Bio–Profil). Comparison of the total amount of topo 1

immunoprotein was corrected taking into account the differences

in protein concentration between the samples loaded on the gels.

Results

It had previously been shown that the expression of full-size

100-kDa topo 1 protein expression was down-regulated in

response to CPT treatment (14, 15) and that this effect

depended on the inhibitor structure but was independent of cell

death (16). However, it is known that at least two proteolytic

topo 1 fragments, 66 kDa and 72 kDa, lacking parts of the N-

terminal domain, exist in eukaryotic cells and exhibit in vitro
nearly the same catalytic activities as the full-size enzyme (17).

The roles of these fragments in the down-regulation of the total

topo 1 immunoprotein remain to be determined.

Topotecan cytotoxicity in different solid tumor cell lines. Table

I shows the results of analysis of Tpt cytotoxicity in A-549,

CaOv-3, HT-29 and MCF-7 solid tumor cell lines. Tpt

efficacy against ovarian and breast cancer cell lines were

found to be the same, whereas Tpt was two-fold less

cytotoxic for colorectal adenocarcinoma and was much

more efficacious against lung adenocarcinoma. These data

agree with those reported before (18) and were used for

calculation of the 10-fold and 100-fold Tpt IC50

concentrations for the corresponding cell lines.

The MCF-7 breast adenocarcinoma cell line. The only

molecular form of topo 1 that corresponds to the full-size

100-kDa protein was detected in nuclear extracts prepared

from this cell line (Figure 1). The strongest effects were

observed after 1 h of treatment, leading to a 20% decrease

in the full-size protein followed by restoration to the initial

value. Despite this, no redistribution of topo 1 molecular

forms were found in the MCF-7 cell line after its treatment

with 10 x IC50 (3 ÌM, Table I) or 100 x IC50 (30 ÌM) of Tpt

(Figures 2B and 2A, respectively). 

The A-549 lung adenocarcinoma cell line. The immunoblot of

the nuclear fraction of A-549 cells untreated with Tpt A-549

cells displays obvious contributions of 100-, 68- and 72-kDa

topo 1 (Figure 1). Tpt treatment induced dose- and time-

dependent variations in the relative amounts of the

corresponding immunoreactive bands (Figures 2A, 2B). 10 x

IC50 (1 ÌM, Table I) of Tpt applied for 1 h induced an increase

in the amounts of all forms of topo 1, with the strongest effect

on the 72-kDa proteolytic product (200% over the control

value), whereas the full-size protein and 68-kDa topo 1

proteolytic product increased by only 20% (Figure 2A).

Subsequent incubation of cells in a Tpt-free medium for

1h before the preparation of nuclear extract caused a 20%

decrease in full-size topo 1, whereas the amount of 72-kDa

topo 1 dropped by 50% and that of 68-kDa topo 1 increased

by 20%. A longer (6 h) cell incubation in the Tpt-free

medium caused an additional 40% decrease in the amounts

of 72-kDa and 100-kDa topo 1, whereas the amounts of the
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Table I. Concentrations of topotecan inhibiting the cellular growth by
50% (IC50).

Cell line IC50 (ÌM)

A-549 0.1

HT-29 0.6

CaOv-3 0.3

MCF-7 0.3
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Figure 1. Different effects of topotecan treatment on human DNA topoisomerase I down-regulation in nuclear extracts prepared from breast
adenocarcinoma (MCF-7), lung adenocarcinoma (A-549), colorectal adenocarcinoma (HT-29) and ovarian adenocarcinoma (CaOv-3). Cells were
treated with topotecan doses corresponding to 10x or 100x IC50 for 1 h and then incubated in a topotecan-free medium.
Lane 1: control; Lane 2: cell treatment with 100 x IC50 topotecan; Lane 3: cell treatment with 100 x IC50 of topotecan followed by 1 h of incubation in
a topotecan-free medium; Lane 4: cell treatment with 100 x IC50 of topotecan followed by 6 h of incubation in a topotecan-free medium; Lane 5: cell
treatment with 10 x IC50 of topotecan; Lane 6: cell treatment with 10 x IC50 of topotecan followed by 1 h of incubation in a topotecan-free medium; Lane
7: cell treatment with 10 x IC50 of topotecan followed by 6 h of incubation in a topotecan-free medium. 



ANTICANCER RESEARCH 24: 1745-1752 (2004)

1748

Figure 2. Dynamic quantitative variations of different molecular forms of human DNA topoisomerase I in nuclear extracts prepared from the MCF-7,
A-549, HT-29 and CaOv-3 solid tumor cell lines treated with topotecan doses corresponding to 10 x IC50 (Panel A) or 100 x IC50 (panel B). 
Experimental points: the densitometry levels of the Western blot bands of total topoisomerase I (◆), and the 100-kDa (●), 80-kDa (▲), 72-kDa (■),
or 68-kDa (●●) molecular forms of the enzyme in nuclear extracts from topotecan-treated cells were normalized to the densitometry level of the
corresponding bands in the control nuclear extracts from the cells not treated with Tpt. 



total topo 1 and 68-kDa topo 1 proteins increased to 50%

over the control level. Regarding the dynamics of variation

in the amount of the total topo 1 protein (Figure 2A), it

significantly increased after 1 h of treatment and then

decreased to 50% of the control value after 1 h and 6 h of

incubation in the Tpt-free medium.

When 100 x IC50 (10 ÌM, Table I) of Tpt was used, the

dynamics of variations in the amounts of total and of 72-kDa

topo 1 forms (Figure 2B) were found to be the same, with an

increase by 50 and 90%, respectively, observed after 1 h of

treatment, and an additional increase by 100% and 210%,

respectively, after 1-h incubation in the Tpt-free medium.

After 6 h of incubation without Tpt, the amounts of these two

forms decreased but remained higher than the control value.

The amounts of the full-size and 68-kDa topo 1 forms

increased throughout the treatment. The amount of 100-kDa

topo 1 increased by 10% after cell treatment with Tpt and by

another 10 and 30% after 1 h and 6 h of incubation of the cells

in the Tpt-free medium, respectively (Figure 2B). Variations

in the amount of the 68-kDa topo 1 form were comparable

with those observed for the 100-kDa form. It should be noted

that, for both 10 x IC50 and 100 x IC50 Tpt concentrations, the

final level of total topo 1 (Figures 2A and 2B) was higher than

that for the nuclear extracts from cells not treated with Tpt.

The HT-29 colorectal adenocarcinoma cell line. Tpt treatment

of this cell line at a concentration of 10 x IC50 (6 ÌM, Table

I) caused immediate degradation of 72-kDa topo 1 (70%)

accompanied by a slight variation in the amount of 100-kDa

topo 1 (20%). At the same time, the amount of 68-kDa topo

1 was unchanged (Figure 2A). A 1-h incubation of cells in the

Tpt-free medium induced a slight increase in the 68-kDa topo

1 amount accompanied by a drastic decrease in the full-size

topo 1 and of the 72-kDa proteins (80 and 90%, respectively).

Further incubation in the Tpt-free medium induced an

increase in 68-kDa, 72-kDa and the full-size topo 1 molecular

forms (Figure 2A). The dynamics of variation in the total

amount of topo 1 showed a significant decrease after 1 h of

treatment with Tpt (20%) and after 1 h of incubation in the

Tpt-free medium (40%) followed by a new synthesis of topo

1 up to 80% of the control value after 6 h of cell incubation

in the Tpt-free medium.

Figure 2B shows that the increase in the Tpt concentration to

100 x IC50 (60 ÌM, Table I) changed the Tpt-induced kinetics of

variation in topo 1 amount. The level of 68-kDa topo 1

decreased immediately after the treatment to 25% compared

to the untreated cells and absolutely disappeared after 1-h

incubation of the cells in the Tpt-free medium. After 6 h of cell

incubation, the amount of 68-kDa topo 1 was restored to 80%

of the control level, while the amount of the 72-kDa form

strongly decreased. Along with these effects, the amount of the

full-size protein form exhibited variations within only 5% of the

control level (Figure 2B). Regarding the total amount of topo 1,

the dynamics of variation after 1 h of treatment and 1 h of

incubation in the Tpt-free medium were less pronounced than

for 10 x IC50 (decrease by 15% and 40%, respectively).

The CaOv-3 ovarian adenocarcinoma cell line. At a

concentration of 100 x IC50 (30 ÌM, Table I), Tpt induced an

almost complete degradation of both the full-size and 68 kDa

topo 1 forms (Figure 2B), while a concentration of 10 x IC50

(3 ÌM, Table I) induced slight decrease in the amounts of

these two forms. It should be noted that the 72-kDa topo 1

molecular form was not found in the Western blots of nuclei

extracts from this cell line (Figure 1). In addition, the 80-kDa

form was present in the nuclear extract from untreated cells.

This form disappeared completely upon cell treatment with 10

x IC50 (3 ÌM) of Tpt, but its amount was restored after 1 h of

cell incubation in the Tpt-free medium (Figure 2A).

At a Tpt concentration of 10 x IC50, the amounts of both

68- and 80-kDa topo 1 forms were restored after 1 h of cell

incubation in the Tpt-free medium. At the same time, the

amount of full-size topo 1 decreased to 75% of the control

value. Increase in the time of incubation in the Tpt-free

medium to 6 h caused a decrease in the amounts of both the

80-kDa and 68-kDa topo 1 forms and restoration of the full-

size topo 1 to 20% over the control value. Finally, the amount

of total topo 1 was found to be restored with a 20% excess

over the control level and the amount of 68-kDa topo 1 to

the control level. It is noteworthy that this schedule of

treatment led to the appearance of high-molecular-weight

ladders of topo 1 immunoprotein (Figure 1). Presumably, the

upper bands in Figure 1 correspond to the ubiquitin– or

SUMO-1–topo 1 conjugates, indicating that in this cell line

Tpt is able to induce specific down-regulation of topo 1 via
the ubiquitin/26S proteasome pathway, as was reported for

KB cells, derived from epidermoid carcinoma (15) or ZR-75-

1 and BT474 breast cancer lines (16).

At a Tpt concentration of 100 x IC50, the amounts of  topo 1

were not restored after either 1h or 6h of incubation (Figure

2B). Otherwise, the amounts of both full-size protein and total

topo 1 were completely restored to 40% of the control level and

the amount of 68-kDa topo 1 was restored to 50% of the

control level after 6h of cell incubation in the Tpt-free medium.

Discussion

The generally accepted model for the mechanism of CPTs

cytotoxicity postulates that topo 1-mediated DNA double-

strand breaks may induce apoptosis and that CPT

concentration is the most important factor determining the

mode of cell death. A low concentration of drug causes

reversible G2 arrest due to mild DNA damage (19), whereas a

high drug concentration induces greater DNA damage and may

lead to permanent G2 arrest or apoptosis (20). Apparently, the

sets of genes down-regulated after drug treatment are not the
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same in different cell culture models. Hence, the exact

mechanism of CPT cytotoxicity may depend not only on the

concentration of drug, but also on the type of cells.

The decrease in the topo 1 levels may explain why some cell

lines are resistant to Tpt (21). However, another study on the

comparison between the level of topo 1 and cleavage

complexes demonstrated that these two parameters were not

correlated (22) and that some other factors, such as drug

uptake, intracellular topo 1 distribution, phosphorylation

pattern and chromatin structure, may influence the efficiency

of the response (23). 

Our goal was to establish a pharmacodynamic relationship

between Tpt and the amount of topo 1 molecular forms

(primary targets) in order to find a correlation with clinical

data on Tpt activities during treatment for different cancers.

We demonstrated that the estimate of the amount of topo 1

after Tpt-treatment could be an important index for the

prediction of the clinical response to a topo 1-targeted

chemotherapeutic agent.

We demonstrated that the Tpt IC50 values were very similar

in the four cell lines tested (they ranged from 0.1 to 0.6 ÌM)

(Table I). We also demonstrated that the response of different

human solid tumor cell lines to Tpt varied significantly in

terms of topo 1 down-regulation and redistribution of the

amounts of enzyme proteolytic fragments. Thus, these data do

not indicate a correlation between the level of Tpt cytotoxicity

and topo 1 response.

Western blot analysis of nuclear extracts prepared from

MCF-7 breast adenocarcinoma cells demonstrated the

expression of a significant amount of full-size topo 1 but did

not detect the existence of active topo 1 proteolytic fragments

with lower molecular weights (Figure. 1). In addition to the

fact that this cell line contains a considerable amount of topo

1 protein, there also may be a mutant topo 1 form which is

poorly, if at all, recognized by Tpt and unable to participate

in the formation of the Tpt/DNA/topo 1 ternary complex (24).

Dose- and time-dependent analysis of Tpt-induced topo 1

variations in the MCF-7 cell line did not show any significant

changes in the amount of full-size topo 1 immunoprotein or the

appearance of any proteolytically digested topo 1 molecular

forms (Figures 1, 2A and 2B). These findings agree with the

results of previous studies on topo 1 cleavage in apoptotic

MCF-7 cells, in which no cleavage of topo 1 was found in this

cell line (13). Twelve human caspases have been identified to

date, with caspase-3 and caspase-6 being the best studied with

respect to the protein cleavage during apoptosis. The MCF-7

cell line is characterized by the absence of caspase 3 and is

resistant to the induction of apoptosis by Tpt (25). Moreover,

the MCF-7 cell line exhibits a high level of Bcl-2, which is a

strong inhibitor of the apoptotic pathway (26). We suppose that

the absence of topo 1 proteolysis after Tpt treatment in MCF-

7 breast adenocarcinoma cells may be explained by the absence

of caspase-3 and/or overexpression of Bcl-2 in this cell line.

The results obtained for A-549, a NSCL cell line, showed

significant Tpt-induced topo 1 down-regulation effects (Figures

1, 2A and 2B). In this case, we found that, for both 10 x IC50

and 100 x IC50 Tpt concentrations, the total amount of topo 1

was higher than the control value. These results agree with the

clinical data demonstrating a moderate activity for Tpt in the

treatment of NSCL cancer (27). Even in the absence of an

important effect of Tpt on the A-549 cell line in terms of topo

1 amount, our data demonstrating the low Tpt activity against

NSCL cancer may serve as an indicator for clinical trials.

In the HT-29 cell line, the 10 x IC50 and 100 x IC50 Tpt

concentrations caused an entirely different reponse. Except

for the 72-kDa topo 1 fragment, the concentrations of all

other topo 1 forms were completely restored after a 6-h

incubation of cells treated with Tpt at a concentration of 100

x IC50 in the drug-free medium. On the contrary, treatment

of the cells with 10 x IC50 of Tpt followed by incubation in

the Tpt-free medium considerably reduced the levels of full-

size topo 1 and the 68-kDa topo 1 fragment (55 and 25% of

the control value, respectively). We may suppose that the

effects of Tpt treatment on the resynthesis of full-size topo 1

and on the concentration of topo 1 molecular forms was

more important in the case of 10 x IC50 than 100 x IC50 of

Tpt. Moreover, the data show that the full-size topo 1 and its

72-kDa fragment are the main Tpt targets when Tpt was used

at a concentration of 10 x IC50. Conversely, the 68-kDa topo

1 molecular form was found to be most affected when 100 x

IC50 of Tpt was used for treatment.

Despite the original enthusiasm about the use of topo 1-

targeted drugs in the treatment of colon cancer (28), clinical

trials yielded only modest results (29). Our data show that

this lack of effectiveness may be explained by the low level

of topo 1 expression and by the specific responses of this

cell line to Tpt in terms of topo 1 down-regulation. It should

be noted that, for the HT-29 and A-549 cell lines, some

clinical trials were found to be successful when Tpt was used

in combination with others agents (21).

The strongest effects of Tpt on topo 1 molecular forms

were obtained with the CaOv-3 ovarian carcinoma cell line

(Figures 1, 2A and 2B). In these cells, Tpt induced the

slowest restoration of topo 1 molecular forms compared to

other cell lines. This may partly explain the effectiveness of

Tpt in the treatment of ovarian cancer. The strong topo 1

down-regulation in this cell line may be explained by an

ubiquity of full-size topo 1 (30) detected in the form of high-

molecular-weight bands in Western blots (Figure 1). 

Our results demonstrate that the down-regulation of topo

1 is independent of Tpt-induced cell death and that topo 1

protein levels recover after Tpt removal differently in

different solid tumor cell lines. The data show that the

differential cellular effects induced by Tpt should be taken

into account when the efficacy of Tpt in the treatment of

various types of cancer is concerned. 
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