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DNA topoisomerase Il Topo Il) inhibitors are widely used in lung cancer chemothergp but
small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLGhow different sensitivity
to them. In this study, we examined the gene expssion levels of both isoforms dfopo Il (I1a and
[IB) in lung cancer speanens to investigate the diffeential expression beween SCLC and
NSCLC. The expession levels of thélopo Ila and Topo I genes wee assessed in 80 autopsy
samples (40 primary tumors and 40 caresponding normal lung tissues) by using theeverse tran-
scription polymerase chainreaction. We found that the expession levels of théfopo Illa gene in
tumors were significantly higher than those in normal lung tissues, and that those in SCLC we
significantly higher than those in NSCLC. Thee wee no significant differences inTopo I3 gene
expression between tumors and normal lung tissues and beten SCLC and NSCLC. Further-
more, corelation analysisrevealed thatTopo lla expression was catelated with Topo |13 expres-
sion in both tumor and normal lung tissues. Theseesults indicate that a diffeence exists in the
regulation of the Topo Il gene between lung tumorsand normal lung tissues. Our finding of dif-
ferential expression of Topo lla between SCLC and NSCLC also suggests that thEopo lla
expression level is associated with sensitivity fiopo Il inhibitors.

Key words:  DNA topoisomeraseall— DNA topoisomeraselp — Small cell lung cancer — Non-
small cell lung cancer — Drug resistance

DNA topoisomerase |l Topo 1l) is a nuclear enzyme SCLC cell lines than in NSCLC cell liné3 Although
that plays roles in replication, transcription and recombi-there have been a few reports describinffe#nces in
nation of DNA, and alters DNA topolgd There are two Topo Il gene expression levels taeen lung tumors and
isoforms ofTopo Il, a 170-kDa isoformTppo lla) and a  normal lung tissues in clinical speciméhd) no gudy
180-kDa isoform Topo lB), which may have ffierent has comparediopo Il gene expression levels between
functions due to the fference in their expression during SCLC and NSCLC using clinical samples. Tefere, in
cdl cycle progressior® and their diferential distribu- the present study we examin&dpo II mMRNA expression
tion.” Topo Il is a taget for several anticancer drugs, but levels (bothTopo lla and Topo 1IB) in both SCLC and
their dfectiveness is limited because of constitutive and/NSCLC in addition to normal lung tissues, using human
or acquired resistance to them. Several mechanisms @futopsy samples.
resistance tdopo Il inhibitors, including decreased drug
accumulatioh® and drugtarget dteration? have been MATERIALS AND METHODS
suggested. Several studies have demonstrated that
decreased levels dopo Il gene expression are associatedPatients and samples Eighty autopsy samples (40 pri-
with resistance tdopo Il inhibitors in some cancer cell mary tumors and 40 corresponding normal lung tissues)
lines&® from 40 patients with lung cancer admitted to Hiroshima

Topo Il inhibitors, such as etoposide, are widely used inUniversity Hospital and Chugoku Rousai General Hospi-
lung cancer chemothengpbut small cell lung cancer tal between June 1992 and March 1997 were studied.
(SCLC) and non-small cell lung cancer (NSCLC) show Fresh specimens of primary lung tumors and normal lung
different sensitivity to thert?.'¥ Previousy we have dem- tissues were obtained during autopsy after written
onstrated that sensitivity to etoposide, etoposide uptakenformed consenhad been obtained. When wetaihed
and the activity and content dfopo Il are higher in  tumor tissues, we macroscopically discarded necrotic parts
and normal tissues. Then, one slice of the tissue was sub-
3To whom correspondence should be addressed. jected to hematoxylin and eosin staining, and we con-
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firmed that there was no contamination with necrotic orbetween the expression levels of each gene in tissue sam-
normal tissue. The tissues were frozen in liquid nitrogerples were analyzed using the Mann-Whitney U-test. All
and stored at80°C until analyzed. the gene expression levels were skewed toward higher
Reverse transcription polymerase chain reaction (RT- expression, and were subjected to logarithmic transforma-
PCR) Total cellular RNA was extracted using the guani- tion so that they approximated more closely a normal dis-
dinium isothiocyanate-phenol method, and cDNA wastribution, and then Pearson’s correlation analysis was
synthesized using random hexamer (Amersham, Buckingperformed. The statistical calculations and tests were per-
hamshire, UK) with Superscript RNase-Heverse tran- formed using Stat View J4.11 Software (Abacus Co., CA)
scriptase (GIBCO-BRL, Bethesda, MD), as describedon a Macintosh computer. All the statistical tests were
previously!® two-sided, the data were expressed as medians and
The reverse-transcribed cDNA from each sample waganges, and differences Rtvalues of less than 0.05 were
subjected to PCR amplification using primers based orconsidered to be significant.
the Topo Iti, Topo I3 andpB-actin (internal control) gene
sequences. After pre-denaturation at 94°C for 5 min, th&eesuLTs
cDNA was added to %l of PCR mixture, comprising 1
ul of 10x PCR buffer (100 il Tris-HCI, pH 9.0, 500 Patient characteristics We analyzed the levels of Topo
mM KCI), 1 ul of 15 mM MgCl,, 2 ul of distilled water, lla and IB gene expression in 80 autopsy samples (40
0.2 ul of 20 mM dNTPs (Takara, Tokyo), 02 of 50 uM primary tumor tissues and 40 corresponding normal lung
forward primer, 0.2ul of 50 uM backward primer, and tissues) obtained from 40 patients, whose characteristics
0.4 ul (0.2 U) of Taq polymerase (Promega, Madison, are presented in Table I. There were 32 males and 8
WI). We used the Topodl and IB primers described pre- females, ranging in age from 44 to 86 years old (median,
viously!® Their sequences were: Topoa liforward 5- 68 years). Eleven had SCLC and 29 had NSCLC, almost
ACCATTGCAGCCTGTA-3 and reverse '85GCTCTTC-  all of them (37 of 40) had been smokers, and 16 had
CCATATTATCC-3; Topo IIB forward 3-ACAGGTG- received etoposide administration for their tumors.
GTCGTAATG-3 and reverse 'BSTTTCACTGATA- Expression levels of Topo Il genesBoth gene transcripts
CACC-3. In order to determine the optimal number of were detected in all the samples tested using the RT-PCR
amplification cycles, the accuracy of the quantitative PCRmethod. There was considerable variability among tumors
procedure was tested in a titration experiment ar normal lung tissues in the level of expression of the
described previoush? Then reaction mixtures were two Topo Il genes. The median levels of Topm #ixpres-
amplified for 25 cycles in a thermal cycler (Geneampsion were 0.117 (range 0.024-2.285) in tumors and 0.066
PCR System 2400; Perkin Elmer Applied Biosystems(0.004-0.981) in normal lung tissues. The expression lev-
Division, Norwalk, CT) under the following conditions: els in tumors were significantly higher than those in nor-
denaturation at 94°C for 30 s, annealing at 52°C for 30 snal lung tissuesR=0.0026, Fig. 1). On the other hand,
and extension at 72°C for 1 min, followed by a final incu-
bation at 72°C for 7 min. The PCR products were 588
and 583 bp long, corresponding to Topax land 1B,
respectively. We used tHactin gene as an internal con- Table I. Characteristics of Patients
trol, and the sequences of its primers, amplification cycles Al patients 20
and the PCR products were as described previdlisly.

e Pt : Age (years)

Quantification of PCR products and analysis of mMRNA median 68
expression The PCR products were electrophoresed range 44-86
using 2% wi/v agarose gels, transferred to nylon mem- gex (male/female) 32/8
branes (Hybond & Amersham), and subjected to hybrid-  smoker (yes/no) 37/3
ization analysis with*?P-labeled cDNA probes. After Histology

washing of each filter, the radioactivity level was mea- small cell lung cancer 11
sured with a laser imaging analyzer (BAS-2000; Fuji non-small cell lung cancer 29
Photo Film, Tokyo). The PCR products of Topa land Samples exposed to etoposide (yes/no) 16/24

IIB described above were used as cDNA probes. The Interval from the last etoposide administration
radioactivity associated with gene expression in each sam- to death (month)

ple was expressed as the yield of the target gene relative = median 3.5
to that of theB3-actin gene. range 1-15
Statistical analysis Contingency table analyses based on Interval from death to autopsy (h)

X? statistics were used to determine the significance of ~ median 2.3
associations between categorical variables. Differences  ange 1-16
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Fig. 3. Expressions of the Topal(A) and Topo IB (B) genes
0.001 in samples exposed to etoposide were compared with those in
SCLC NSCLC SCLC NSCLC samples not exposed to etoposide. Bars denote median gene

expression levels.
Topo llo Topo lIf

Fig. 2. Expressions of the Topoalland Topo IB genes in
SCLC were compared with those in NSCLC. Bars denote

median gene expression levels. etoposide administration and death, or interval from death
to autopsy between SCLC and NSCLC (data not shown).
The median expression levels of Topa lwere 0.284
(range 0.102-2.285) in SCLC and 0.092 (0.024-2.098) in
the median Topo @ expression was 0.069 (range 0.008—NSCLC, the difference between the two groups being sig-
1.783) in tumors and 0.055 (0.005-2.373) in normal lungnificant (P=0.0064, Fig. 2). On the other hand, the
tissues, and this difference was not signific&@.2338, median expression levels of Top@ IWwere 0.109 (range
Fig. 1). 0.047-1.452) in SCLC and 0.061 (range 0.008-1.783) in
We then compared the levels of expression of botiNSCLC, the difference between the two groups being
genes between SCLC and NSCLC. There were no signifinon-significant P=0.0870, Fig. 2).
cant differences in age, sex, smoking history, radiotherapy We also compared the levels of expression of both
history, etoposide dose received, interval between the lagienes among SCLC and normal lung tissues and between
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Fig. 4. The relationships between Topkw land Topo I3 gene
expression in (A) normal lungr£0.892 P<0.0001) and (B)
tumor tissues rE0.836 P<0.0001). Clear and solid circles
denote tissues exposed and unexposed to etoposide antemort
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To investigate the association between the expressions
of both genesand previous etoposide exguoe, we
grouped the results according tostiss which had been
unexposed or exposed to this agent antemortem. The
median levels offopo llo expression in exposed normal
lung tissues and lung tumors were 0.067 (0.007-0.981)
and 0.216 (0.024-2.285), respeely, and the respective
values for non-exposed samples were 0.066 (0.004—0.433)
and 0.099 (0.031-2.098). On the other hand, the median
levels of Topo I expression in exposed normal lung tis-
sues andung tumors were 0.046 (0.012—-1.508) antB.
(0.033-1.452), respectiyeland the respective values for
the non-exposed samples were 0.063 (0.005-2.373) and
0.057 (0.008-1.783). There was no ffigant diference
between the two groups for either of the genes (Fig. 3).

Correlation analysis revealed thabpo llo expression
was correlated withTopo I3 expression in kb tumor
and normal lung samples (normal lungz0.892 P<
0.0001; tumor, r=0.836,P<0.0001, Fig. 4).

DISCUSSION

SinceTopo Il is one of the most commonly employed
targets for anticancer drugs lang cancer chemothergp
and the sensitivity tofopo Il inhibitors difers between
SCLC and NSCLG:™ it is important to examine the
expression levels offopo lla and If mRNA in both
SCLC and NSCLC. Our data showed that the level of
Topo lla expression in lung tumors was significantly
higher than that in normal lung, and furthermore that the
level of Topo lla expression in SCLC was significantly
higher than that in NSCLC, whereas no suctiedénce
was observed fofopo IIB.

Giacconeet al'” used an RNase protection assay to
examine diferences in expression of thpo Il genes
between normal lung tissues and NSCLC tumors, using
specimens obtained mgically. They showed that expres-
sion of theTopo lla, but notTopo IIB, genein tumors
was hgher than that in normal lung, and our present data
confirmed their findings. Hasegawet d.19 also showed
by northern blb andysis that expression of thEopo lla
gene in NSCLC tumors was higher than that in normal
lung tissues using specimens obtainedgscally, although

etWéy did not examine expressioi the Topo I3 gene.

These results suggest that there isféedince in regula-
tion of expession of theTopo Il genes hgveen lung
tumors and normal lung.

Although a previous report has describefedencesn

both genes in SCLC were significantly higher than thoseTopo Ila expression between SCLC and NSCLC using

in normal lung tissuesTopo lla, P=0.0002; Topo I,

P=0.0295). In contrast,

not the case fofopo I3 (P=0.7224).
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immunohistochemisy? the present report is the first to

there was a trend towarddocument such fferences based on molecular biotzg
increasedlopo lla gene expression in NSCLémpared
to that in normal lung tissugd=0.0700), but this was

methods. From our results, we think tifapo lla plays
an important role in determining thefférence inin vivo
sensitivity to Topo Il inhibitors between SCLC and
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NSCLC. Previously, it was demonstrated that increasedide on tumors or normal lung tissues could not have been
Topo Il gene expression showed a strong positive correlaassessed properly in the present study. Even though it is
tion with cell sensitivity to Topo Il inhibitors in lung can- unclear whetheMRP and/or Topo Il plays a major role in
cer cell lineg? In fact, SCLC is more sensitive to Topo Il etoposide resistance, we think that monitoring of the
inhibitors than NSCLC in the clinical situatiéh!¥ and  expression levels of both genes immediately after etopo-
higher content levels and activity of Topo Il have beenside exposure may be needed.
observed in SCLC than in NSCLC cell lin€sin con- As we had examined the levels of DNA topoisomerase
trast, decreased levels of Topa Ipene expression are | (Topo I) gene expression using the same samples as
associated with resistance to Topo Il inhibitors in lungthose employed in the present sttitiywe analyzed the
cancer cell line&'® These results suggest that Topa Il relationships between the levels of Topo | and Topo I
gene expression plays an important role in the action ofene expression. However, Topo | expression was found
Topo Il inhibitors. not to be correlated with the expression of either of the
Furthermore, levels of Topo dl gene expression in Topo Il isoform genes (data not shown). These results
tumors were higher than those in normal tissues in breastuggest that there is a difference in regulation between the
cancef® and in ovarian cancé?. It appears that Topo Il Topo | and Topo Il genes.
inhibitors can be selective for tumors rather than normal We found that the expression of Topat lWas corre-
tissues, assuming that Topoallis the principal target lated with that of Topo B in both tumors and normal
enzyme. lung tissues. A similar correlation was reported in acute
On the other hand, Yamazadd al? have reported that myelogenous leukeni# and lung cancer cell lings,
the sensitivity of lung cancer cell lines to Topo Il inhibi- although studies using clinical sample®¥ have failed to
tors can not be explained by the Topa bontent levels reveal such a correlation. Our results are somewhat con-
or Topo Il catalytic activity. Furthermore, Saneti al?® fusing in that there was no significant difference in Topo
have indicated that Topofdlmight play a significant role I3 expression between tumors and normal lung tissues, or
as a target for anti-tumor therapy, because ToPtb- between SCLC and NSCLC. Topdlgene expression in
tein is more widely expressed than Topa pprotein in  SCLC was significantly higher than that in normal lung
breast cancer cells. tissues (Figs. 1, 2), and therefore the lack of a statistically
In the present study, we observed that some NSCLGignificant difference in Topo [l gene expression
tissues showed higher levels of Topo #xpression levels between SCLC and NSCLC may have been dygdaor
than SCLC tissues. Although the precise reason for thisesulting from the small sample size. Furthermore, there
remains to be elucidated, it is possible that not only Topavas considerable variability among tumors and normal
Il gene expression, but also some other factors, such dang tissues in the level of expression of the two Topo Il
bcl-22":2® may be determinants of the sensitivity of lung genes. Our results suggest that the two Topo Il isoforms
cancer cells to Topo Il inhibitors. We think that the rela- show coordinated variation of their expression in both
tionship between the level of Topo Il gene expression andung cancer and normal lung tissues.
drug sensitivity is both interesting and important, and that
further studies are required to determine whether the leveAckNOWLEDGMENTS
of Topo llo and/or Topo IB expression can be a good
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