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Abstract Purpose: Topoisomerase Ila content, topo-
isomerase II catalytic activity and drug sensitivities to
the topoisomerase II inhibitors, doxorubicin and
etoposide, were examined in a panel of 14 unselected
human lung cancer cell lines in order to determine the
relationship between topoisomerase II and drug sensi-
tivities to the topoisomerase II inhibitors. Methods:
Drug sensitivities were determined using a microcul-
ture tetrazolium assay. The topoisomerase Ila levels
were determined by Western blot analysis and the
topoisomerase Il catalytic activity was determined us-
ing a decatenation assay of kinetoplast DNA, using
nuclear protein from cells of each cell line. Results:
Drug sensitivity tests revealed that small-cell lung can-
cer (SCLC) cell lines were more sensitive to drugs than
non-small-cell lung cancer (NSCLC) cell lines. The rela-
tive topoisomerase Ilo levels and relative topoiso-
merase II catalytic activity from SCLC cell lines (mean +

SD 0.89 + 0.54 and 5.3 + 3.4, respectively) were slightly
higher than those from NSCLC cell lines (0.78 + 0.56
and 4.0 + 2.8, respectively), but the differences were not
statistically significant, and not sufficient to account for
the variation in drug sensitivities. Moreover, no clear
association was observed between the topoisomerase
I levels or the topoisomerase II catalytic activity and
drug sensitivities in the cell lines studied. Con-
clusions: These findings suggest that the difference in
drug sensitivities to doxorubicin and etoposide in hu-
man lung cancer cell lines might not be explainable by
the topoisomerase Ila levels and topoisomerase 11 cata-
lytic activity. Moreover, our results suggest that the
topoisomerase Il1a levels and topoisomerase I1 catalytic
activity may play a minor role in the determination of
clinical drug resistance of human lung cancers.
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Introduction

The development of multidrug resistance remains a pri-
mary obstacle to the success of chemotherapy for many
human tumors. A variety of biochemical mechanisms
are responsible for imparting multidrug resistance [4].
One mechanism that confers multidrug resistance is the
overproduction of P-glycoprotein, an integral mem-
brane protein responsible for the active efflux of
a broad spectrum of antitumor agents [36]. The
overexpression of P-glycoprotein has been shown to be
important in the clinical drug resistance of a variety of
human tumor types [16, 37]. However, the expression
of P-glycoprotein is relatively low in most lung cancers
and lung cancer cell lines, and is not correlated with the
clinical response or in vitro cytotoxicity [1, 23]. This
indicates that P-glycoprotein is unlikely to play an
important role in the clinical drug resistance of human
lung cancers [37].

In addition to the overexpression of P-glycoprotein,
topoisomerase II has been shown to be important in
drug resistance. Topoisomerase II, a component of the
nuclear matrix [25], influences nuclear structure and
function and, in particular, affects replication, trans-
cription, and chromosome segregation [2,3].
Topoisomerase II can be classified into two isoforms
[10]. Topoisomerase Ila is the target enzyme of anti-
cancer drugs such as epipodophyllotoxins, amsacrine
and anthracyclines, so-called topoisomerase II inhibi-
tors, which are thought to be among the most effica-
cious agents against lung cancer [25,40]. Increased
expression of topoisomerase Ilo protein is correlated
with drug sensitivities to intercalating agents and epi-
podophyllotoxins in a mutant rodent cell line [8].



Analysis of topoisomerase II inhibitor-resistant
lines has suggested that a relative decrease in the
amount of or a change in the characteristics of
topoisomerase Ilo is one of the mechanisms of
drug resistance to topoisomerase II inhibitors
[24, 28, 33]. Moreover, several studies have analyzed
the relationship between topoisomerase Il and drug
sensitivities to topoisomerase II inhibitors in lung
cancer cell lines [13,18]. However, the role
of topoisomerase II in the clinical drug resis-
tance of human lung cancer is not precisely under-
stood.

Progress in the understanding of drug resistance has
come from the study of cell lines made resistant by
continuous in vitro drug exposures. Although these cell
lines are useful for investigations of drug resistance
mechanisms, they may not adequately represent the
clinical drug resistance (intrinsic or acquired) encoun-
tered in lung cancer patients. Thus, it may be important
to use a panel of cell lines unselected for resistance by
in vitro drug exposures for the analysis of clinical
drug resistance [13]. In this study, in order to
evaluate the role of topoisomerase II in the clinical
drug resistance of human lung cancer, we examined the
relationship between topoisomerase Ilo content,
topoisomerase II catalytic activity and drug sensitivi-
ties to the topoisomerase Il inhibitors, doxorubicin and
etoposide, in a panel of unselected human lung cancer
cell lines.

Materials and methods

Cell lines and cell culture

A total of 14 human lung cancer cell lines, including six human lung
adenocarcinoma cell lines (A549, RERF-LC-MS, PC-3, RERF-LC-
OK, ABC-1 and VMRC-LCD), four human lung squamous cell
carcinoma cell lines (LC-1 Sq, PC-10, LK-2 and EBC-1) and four
human lung small-cell carcinoma cell lines (PC-6, SBC-3, SBC-5 and
RERF-LC-MA) were kindly provided by the Japanese Cancer Re-
search Resources Bank, Tokyo. They were derived from patients
who had not received previous chemotherapy and they were un-
selected for resistance by in vitro exposures [14, 15, 17, 21, 22]. All
cell lines were cultured in RPMI-1640 medium containing 10% (v/v)
heat-inactivated fetal bovine serum (FBS) under an atmosphere of
air containing 5% CO, at 37°C, and the passage numbers at the
time of the experiments were from 50 to 100 in all the cell lines. In
every experiment DNA content was measured by flow cytometry
after staining of cells with propidium iodide to confirm that the cells
were in the exponentially growing phase.

Drug sensitivity assay

Drug sensitivities of exponentially growing cells were determined by
a microculture tetrazolium assay, as described previously [6, 32].
Each cell line was plated at an optimum density, such that the cells
were still growing exponentially after 5 days in culture. First, the
plates were incubated for 24h under standard conditions.
Doxorubicin or etoposide was then added, and the plates were
incubated for a further 4 days. Following drug incubation,
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0.05 mg/well of 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetra-
zolium-5-carboxanilide inner salt, sodium salt (XTT; Sigma,
St. Louis, MO, USA) with 0.4 pg of Phenazine methosulfate (PMS;
Sigma) was added, and the plates were incubated for an additional
4 h. Absorbance was determined using an ImmunoReader NJ-2000
(Nippon InterMed, Tokyo, Japan) at a wavelength of 450 nm. Back-
ground absorbance was subtracted from each row, and the mean
reduction was calculated as the proportion of the absorbance of the
untreated controls. The ICs, was determined graphically as the drug
concentration showing 50% of the absorbance of the untreated
controls in three or more independent experiments, each performed
in triplicate with 14 cell lines.

Preparation of nuclear protein

Crude nuclear protein from cells of each cell line, which was used for
determination of topoisomerase Ila content and topoisomerase 11
catalytic activity as described previously [13, 18], was prepared as
previously reported by Deffie et al. [9]. Briefly, exponentially grow-
ing cells (2030 x 10° cells) were collected, and washed twice with
ice-cold nucleus buffer which consisted of 2 mM K,HPO,, 5mM
MgCl,, 150 mM NaCl, 1 mM ethylene glycol-bis(p-aminoethyl-
ether) N,N,N’,N’-tetraacetic acid, and 0.1 mM dithiothreitol, ad-
justed to pH 6.5. The cells were resuspended in 1 ml nucleus buffer
and 9 ml nucleus buffer containing 0.35% Triton X-100, and 1 mM
phenylmethylsulfonyl fluoride was added. The cell suspension was
placed on ice for 10 min, and then washed three times with nucleus
buffer that was free of Triton X-100. Nuclear protein was extracted
for 1 h at 4°C with nucleus buffer containing 0.35 M NaCl. DNA
and nuclear debris were pelleted by centrifugation at 17000 g for
20 min. All procedures were performed on ice. The protein concen-
tration was determined using a BCA protein assay kit (Pierce Chem-
ical Co., Rockford, II1.).

Topoisomerase o content

The topoisomerase Il content of nuclear protein from cells of each
cell line was determined by Western blot analysis, using an anti-
topoisomerase I monoclonal antibody. This antibody, which recog-
nized the a-isoform of topoisomerase II, was provided by Cam-
bridge Research Biochemicals, Wilmington, DE, USA. The proced-
ure for the Western blot analysis was essentially the same as de-
scribed previously [18]. In brief, 30 pg nuclear protein was elec-
trophoresed on a 7.5% sodium dodecyl sulfate-polyacrylamide slab
gel. Proteins on the gel were electrically transferred to a nitrocel-
lulose membrane then incubated with topoisomerase II monoclonal
antibody, diluted 1:200, for 1 h. After incubation, the membranes
were rinsed and incubated with horseradish peroxidase-conjugated
donkey antirabbit IgG (Amersham International, Buckinghamshire,
UK). After rinsing, blots were visualized by enhanced chemilumines-
cence detection (Amersham International). The topoisomerase 1o
content was then determined densitometrically.

Topoisomerase 11 catalytic activity

Topoisomerase I catalytic activity of nuclear protein from cells of
each cell line was assayed by decatenation of kinetoplast DNA
(kDNA) to minicircle DNA as described previously [29]. Briefly,
serial 1:2 dilutions of nuclear protein were made and the same
volume (1 pl) of nuclear protein or of dilutions was added to reaction
mixtures containing 2 pg kDNA (TopoGEN, Columbus, OH, USA)
and 2 pl 10x reaction buffer (1x reaction buffer = 50 mM Tris-Cl
(pH 8.0), 120mM KCl, 10mM MgCl,, 0.5 mM ATP, 0.5mM
dithiothreitol, and 30 pg bovine serum albumin/ml; total volume
20 pl). Reaction mixtures were incubated at 37 °C for 10 min and the



194

reaction was stopped by the addition of 4 pul stop buffer (5% Sar-
kosyl, 0.0025% bromophenol blue, and 25% glycerol). The samples
were electrophoresed through a 1% agarose gel in 45 mM Tris-
borate-EDTA (pH 8.0) and a final concentration of 0.5 ug/ml
ethidium bromide at 50 V for 2 h. After destaining in water, the gel
was photographed under UV light. Catalytic activity was detected as
the lowest amount of nuclear protein which made the topological
change of kDNA into minicircle DNA. The topoisomerase II cata-
Iytic activities are expressed as the relative levels compared to
RERF-LC-MA, which had the lowest topoisomerase II catalytic
activity.

Statistical methods

Wilcoxon’s rank-sum test was used to assess differences between the
non-small-cell lung cancer (NSCLC) or small-cell lung cancer
(SCLC) and each biological property. The linear correlation coeffi-
cient (r) was used to evaluate the relationships between doubling
times, the ICs, values, the levels of topoisomerase 1o and the levels
of topoisomerase II catalytic activity.

Results

Characteristics of the human lung cancer
cell lines studied

The biological properties of the human lung cancer cell
lines studied are summarized in Table 1. They consisted
of six adenocarcinoma cell lines, four squamous cell
carcinoma cell lines and four small-cell carcinoma cell
lines. Doubling times of exponentially growing cells
ranged from 14.8 to 55.2 h. P-glycoprotein expression
was not detected by flow cytometry utilizing
monoclonal antibody MRK 16 (Kyowa Medix, Tokyo,
Japan) [36] in any cell line, as reported in previous
studies [1, 23].

Drug sensitivities of the cell lines

The topoisomerase II inhibitors, doxorubicin and
etoposide, were tested for their cell-killing effects on
lung cancer cell lines during 4 days of treatment
(Table 1). The SCLC cell lines were more sensitive to
doxorubicin and etoposide than the NSCLC cell lines,
and the difference was statistically significant for the
sensitivity to etoposide (Table 2). Marked differences in
drug sensitivities among the cell lines studied were
observed. The ratio of drug sensitivities to doxorubicin
between PC-10, which showed the highest 1Cso0, and
PC-6, which showed the lowest, was about 15. The
ratio of drug sensitivities to etoposide between PC-3,
which showed the highest 1Cso, and PC-6, which
showed the lowest, was about 100. Drug sensitivity to
doxorubicin was significantly correlated with that to
etoposide in the cell lines studied (Fig. 1, r = 0.687,
P =0.0066). No clear association between doubling
times and drug sensitivities was seen in the cell lines
studied (Table 1).

Topoisomerase Ilo content

The topoisomerase [1o content of nuclear protein from
each cell line was determined by Western blot analysis
(Fig. 2). The 170-kDa topoisomerase Ilo was detected
in nuclear protein of all the cell lines studied. The ratio
of the levels of topoisomerase IToe between LC-1 Sq,
which showed the highest level, and RERF-LC-MA,
which showed the lowest, was about 10 (Table 1). No
clear association was observed between doubling times
and the levels of topoisomerase Ilo in the cell lines
studied (Table 1). This indicated that the differences in

Table 1 Characteristics of

human lung cancer cell lines. Cell line Doubling time ICso (LM) Topoisomerase 11

The values for topoisomerase 11 (h)

content and activity are relative Doxorubicin Etoposide Content Activity

levels compared with the PC-6

and RERF-LC-MA cells lines, Adenocarcinoma

respectively A549 16.7 0.0330 0.409 1.17 8
RERF-LC-MS  31.6 0.0260 0.232 0.14 2
PC-3 38.4 0.204 12.8 0.40 4
RERF-LC-OK  30.6 0.0307 0.503 0.25 2
ABC-1 353 0.127 0.453 0.25 2
VMRC-LCD 28.5 0.232 1.04 0.89 2

Squamous cell carcinoma
LC-1Sq 55.2 0.180 1.97 1.69 8
PC-10 22.1 0.315 0.590 1.56 8
LK-2 30.2 0.0443 0.897 0.92 2
EBC-1 35.8 0.138 1.43 0.50 2
Small-cell carcinoma

PC-6 19.5 0.0201 0.134 1 4
SBC-3 179 0.0241 0.176 1.46 8
SBC-5 14.8 0.0645 0.224 0.95 8
RERF-LC-MA 323 0.0410 0.422 0.16 1




195

Table 2 Characteristics of
NSCLC and SCLC cell lines.
Values are means + SD

(median, range)

Characteristic NSCLC SCLC P-value
(n = 10) (n=4)

Doubling time (h) 3244103 211 +77 0.897
(30.6, 16.7-55.2) (17.9, 14.8-32.3)

1Cso (uM) Doxorubicin 0.133 +0.100 0.037 4+ 0.020 0.066
(0.127, 0.0260-0.315) (0.0241, 0.0201-0.0643)

Etoposide 2.031 £+ 3.821 0.239 +0.127 0.011
(0.590, 0.232—-12.8) (0.176, 0.134-0.422)

Relative topoisomerase Ilo content 0.78 + 0.56 0.89 + 0.54 0.671
(0.50, 0.14-1.69) (0.95, 0.16-1.46)

Relative topoisomerase I1 activity 40+238 53+34 0.597
(2, 2-8) (4, 1-8)

100

ETOPOSIDE (uM)

DOXORUBICIN (uM)

Fig. 1 Correlation of ICs, values of doxorubicin and etoposide.
Drug sensitivity tests were determined using a microculture tetra-
zolium assay. The logarithms of the IC5, values for doxorubicin and
etoposide were strongly correlated with each other (r = 0.687,
P =0.0066)
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Fig. 2 Topoisomerase Ila content by Western blot analysis in the
studied human lung cancer cell lines. Lane 1 LC-1Sq, lane 2 PC-10,
lane 3 LK-2, lane 4 EBC-1, lane 5 A549, lane 6 RERF-LC-MS,
lane 7 PC-3, lane 8 RERF-LC-OK, lane 9 ABC-1, lane 10 VMRC-
LCD, lane 11 PC-6, lane 12 SBC-3, lane 13 SBC-5, lane 14 RERF-
LC-MA

topoisomerase Ilo content might not be explainable by
doubling times. Moreover, although SCLC cell lines
had slightly higher relative levels of topoisomerase 1o
(mean + SD 0.89 £+ 0.54) than NSCLC cell lines

(0.78 + 0.56), the difference was not statistically signifi-
cant (Table 2).

Association between drug sensitivities to doxorubicin
and etoposide and topoisomerase Ilo content

The relationships between drug sensitivities and the
levels of topoisomerase Ilo were analysed. The drug
sensitivities to doxorubicin and etoposide were almost
the same in RERF-LC-MS and SBC-3, but the levels of
topoisomerase Ilo were entirely different: SBC-3 had
an approximately ten times higher topoisomerase Ilo
content than RERF-LC-MS. Moreover, the levels of
topoisomerase Ilo were almost the same in LC-1 Sq
and SBC-3, but the drug sensitivities to doxorubicin
and etoposide were entirely different: SBC-3 was ap-
proximately 7.5 times more sensitive to doxorubicin,
and approximately 11 times more sensitive to etoposide
than LC-1 Sq. No clear association was observed be-
tween drug sensitivities to doxorubicin and etoposide
and the levels of topoisomerase Ila in any of the 14 cell
lines, particularly in the ten NSCLC cell lines. In the
four SCLC cell lines, those with higher levels of
topoisomerase Ila had a tendency to be more sensitive
to drugs, but this was not statistically significant.

Topoisomerase II catalytic activity

The topoisomerase II catalytic activity of nuclear pro-
tein from each cell line was determined by a decatena-
tion assay of KDNA. Figure 3 shows the decatenation
of kKDNA to minicircle DNA using nuclear protein
extraction from A549, PC-3 and RERF-LC-MS.
Formation of minicircle DNA was observed in the
lanes that contained 0.25 pg nuclear protein extracted
from A549, 0.5 ug from PC-3 and 1.0 pg from RERF-
LC-MS. Thus, the topoisomerase I catalytic activity in
the nuclear protein from A549 was fourfold higher
than in that from RERF-LC-MS, and twofold higher
than in that from PC-3. The ratio of the topoisomerase
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Fig. 3 Topoisomerase II catalytic activity in the human lung cancer cell lines studied and determined by decatenation of kinetoplast DNA.
Amounts of nuclear protein were as follows: lanes 1, 7 and 13 2.0 pg, lanes 2, 8 and 14 1.0 ng, lanes 3,9 and 15 0.5 ng, lanes 4, 10 and 16 0.25 pg,
lanes 5, 11 and 17 0.125 pg, lanes 6, 12 and 18 0.0625 pg. Formation of minicircle DNA was observed in the lanes that contained 0.25 pg of
nuclear protein extracted from A549, 0.5 pg from PC-3 and 1.0 pg from RERF-LC-MS

IT catalytic activity between A549, LC-1 Sq, PC-10,
SBC-3 and SBC-5, which showed the highest level, and
RERF-LC-MA, which showed the lowest, was about
8 (Table 1). Although the topoisomerase II activity
assay does not discriminate between topoisomerase I1o
and B isozyme activities [38], a clear correlation was
observed between the topoisomerase II catalytic
activity and the levels of topoisomerase Ilo in the
cell lines studied (Fig.4). SCLC cell lines had
slightly higher relative levels of topoisomerase II cata-
lytic activity (5.3 +3.4) than NSCLC cell lines
(4.0 £ 2.8), but the difference was not statistically signifi-
cant (Table 2).

Association between drug sensitivities
to doxorubicin and etoposide,
and topoisomerase II catalytic activity

The relationship between drug sensitivities and topo-
isomerase II catalytic activity was also analyzed. The
drug sensitivities to doxorubicin and etoposide were
almost the same in RERF-LC-MS and SBC-3, but the
topoisomerase II catalytic activities were entirely differ-
ent: SBC-3 had an approximately four times higher
topoisomerase II catalytic activity than RERF-LC-
MS. Moreover, the topoisomerase II catalytic activities
were almost the same in LC-1 Sq and SBC-3, but the
drug sensitivities to doxorubicin and etoposide were
entirely different: SBC-3 was approximately 7.5 times
more sensitive to doxorubicin, and approximately 11
times more sensitive to etoposide than LC-1 Sq. No
clear association was observed between drug sensitivi-
ties to doxorubicin and etoposide and the topoiso-
merase II catalytic activity in any of the 14 cell lines,
particularly in the ten NSCLC cell lines. In the four
SCLC cell lines, those with higher topoisomerase 11
catalytic activities had a tendency to be more sensitive
to drugs, but this was not statistically significant.
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Fig. 4 Correlation of topoisomerase Ila content and topoisomerase
II catalytic activity. The relative topoisomerase Ilo content and the
relative topoisomerase 11 catalytic activity were strongly correlated
with each other (r = 0.830, P = 0.0002). The values of topoisomerase
1o content are the relative levels compared with PC-6 cell line. The
values of topoisomerase 1 activity are the relative levels compared
with the RERF-LC-MA cell line

Discussion

Several studies have analyzed the relationship between
topoisomerase II and in vitro drug sensitivities or clini-
cal responses to topoisomerase Il inhibitors. Fry et al.
found that testis carcinoma cell lines, which were more
sensitive to drugs, had higher topoisomerase 11 activ-
ities and higher levels of topoisomerase Ila protein
than three bladder cancer cell lines [11]. In clinical
materials, very low levels of topoisomerase Ilo and
mRNA expression have been reported in human chro-
nic lymphocytic leukemia cells, which are relatively
insensitive to topoisomerase I inhibitors, in contrast to
some more undifferentiated lymphoproliferative disorders
[12,30]. Kim et al. reported that, in fresh tumor tissues
obtained from 15 patients with breast, hepatocellular,



metastatic breast or gastric cancers, topoisomerase I1o
mRNA expression is significantly correlated with the
clinical response [20]. On the other hand, Kaufmann et
al. found that the content of the two topoisomerase 11
isoenzymes does not correlate with drug sensitivity in
vitro or in vivo in marrow samples from adult acute
myelogenous leukemia patients [19]. Kasahara et al.
reported that SCLC cell lines, which are more sensitive
to drugs, have higher topoisomerase Il activities and
higher levels of topoisomerase Ilae than NSCLC cell
lines [18]. However, despite a 10- to 80-fold increased
sensitivity to the topoisomerase II inhibitors, SCLC cell
lines had only about twofold higher activity of
topoisomerase II than NSCLC cell lines. This indicates
that additional factors could be involved and could play
a more critical role in the drug resistance of lung cancer.

Giaccone et al. found a correlation between steady-
state levels of topoisomerase Iloo mRNA expression,
DNA-unknotting activities, DNA cleavage activities
and drug sensitivities to doxorubicin, etoposide and
teniposide in eight unselected lung cancer cell lines
[13]. However, they excluded one cell line, which
showed a low level of topoisomerase Ilo. mRNA ex-
pression despite being highly sensitive to all the drugs
tested. When this cell line was excluded from the analy-
sis, the correlation between the levels of topoisomerase
ITo. mRNA expression and drug sensitivity became
significant. Thus, the relationship between the level of
topoisomerase Ila content and drug sensitivities to
topoisomerase II inhibitors is not precisely understood
in lung cancer cell lines.

In this study, although we did not determine the
topoisomerase Il cleavable complex, we analyzed the
relationship between the levels of topoisomerase Ila,
the topoisomerase II catalytic activity and drug sensi-
tivities to doxorubicin and etoposide in a panel of 14
unselected lung cancer cell lines, which showed no
overexpression of P-glycoprotein. SCLC cell lines were
more sensitive to doxorubicin and etoposide than
NSCLC cell lines as described previously, and this is
consistent with the clinical response of topoisomerase
II inhibitors in human lung cancer chemotherapy [18].
The levels of the topoisomerase Ilo. and topoisomerase
IT activity of SCLC cell lines were slightly higher than
those of NSCLC cell lines, but the differences were not
statistically significant and were not sufficient to ac-
count for the variation in drug sensitivities of SCLC
and NSCLC cell lines. Moreover, no clear association
was observed between the levels of topoisomerase Ila
or topoisomerase II catalytic activity and drug sensi-
tivities in the cell lines studied.

Although our results came from only 14 cell lines and
these cell lines might have great variability in multifac-
torial mechanisms of multidrug resistance other than
topoisomerase II, our findings suggest that the differ-
ences in drug sensitivities to doxorubicin and etoposide
are not explainable only by the levels of topoisomerase
Il and topoisomerase II catalytic activity in human

197

lung cancer cell lines. The cell lines studied might not
be representative of clinical drug sensitivity since they
were selected by repeated passaging, based on their
very different genotypes, but our results suggest that
the levels of topoisomerase Iloe and topoisomerase 11
catalytic activity may be a minor factor in the determina-
tion of clinical drug resistance of human lung cancers.

Recently, several in vitro studies have shown that,
apart from decreased topoisomerase Ila levels, quali-
tative alterations in topoisomerase I, mainly induced
by mutations in the topoisomerase II gene, might lead
to insensitivity of this drug target [13, 34, 40]. How-
ever, topoisomerase 11 mutations have so far been very
rare in clinical samples or unselected cell lines [19]. The
relationship between the qualitative alterations in
topoisomerase II and drug sensitivity should be further
analyzed in human lung cancers.

In this study, nuclear protein of cells in each cell line
was used to determine topoisomerase Ila content and
topoisomerase 11 catalytic activity, as reported for most
other studies [13, 18]. However, there is the possibility
that differences in extractability of the topoisomerase I1
from cell nuclei might play some role in explaining the
differences in topoisomerase Ila content and topoisome-
rase II catalytic activity. While we do not think it negates
our findings, this possibility should be considered.

In summary, our findings indicate that topoiso-
merase [lo content and topoisomerase 11 catalytic ac-
tivity may play a minor role in determining drug sensi-
tivities to topoisomerase Il inhibitors, as well as P-glyco-
protein. Other biochemical mechanisms are thought
to exist in lung cancer, including the MRP gene [7, 39],
decreased drug accumulation [35], subcellular drug dis-
tribution [31], c-myc expression [5,26] and different
susceptibility to apoptosis [27]. Further studies of the
clinical drug resistance of human lung cancer are re-
quired to determine the mechanism by which it occurs.

Acknowledgement Many thanks are due to Dr. M. Tabata of
Okayama University, Japan, for the development of the Western
blot analysis.
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