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The amounts of mRNA for glutathione S trans-
ferase = (GST x) were significantly lower in 3
human small cell lung cancer (SCLC) cell lines
than in 3 non small cell lung cancer (NSCLC) cell
lines. The sensitivities of the 3 SCLC cell lines to
cisplatin and carboplatin were much higher than
those of the 3 NSCLC cell lines. These results
indicate that low levels of GST £ mRNA expres-
sion in SCLC cell lines inversely correlate to high
sensitivity to cisplatin and carboplatin, and further
suggest that GST « may play an important role in
intracellular inactivation of these drugs.
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The clinical response to chemotherapeutic
agents is quite different between small cell
lung cancer (SCLC) and non SCLC
(NSCLC); SCLC is more sensitive to anti-
cancer agents than NSCLC. Cisplatin is one
of the most active chemotherapeutic agents
for lung cancer and carboplatin is a promising
drug for treatment of SCLC, We previously
reported that the ICy s of cisplatin and
carboplatin for all the SCLC cell lines tested
were significantly lower than those for
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NSCLC cell lines. These results were consis-
tent with the clinical observation that the
response rates to cisplatin and carboplatin
were much higher in patients with SCLC than
in those with NSCLC."?

There are several reports on the mecha-
nisms of resistance to anticancer drugs in
tumor cells.*® The overexpression of P-
glycoprotein encoded by mdr gene has been
identified as one of the factors involved in
development of drug resistance.” It has also
been suggested that the high levels of
glutathione (GSH) in tumor cells might be
associated with drug resistance to alkylating
agents and cross-linking agents, including
cisplatin and carboplatin.>® Furthermore, it
has recently been reported that glutathione §
transferase (GST) activity was elevated in
human cell lines resistant to cisplatin with or
without the elevation of nonprotein sulfhydryl
content, suggesting that GST plays an impor-
tant role in the development of resistance to
cisplatin.” However, no information is avail-
able on the mechanisms underlying the differ-
ence of sensitivity to cisplatin and carboplatin
in SCLC and NSCLC cells.

Availability of cloned human gene probes
of GST &, which is the placental form of GST,
and of mdrl has enabled us to examine di-
rectly the correlation between the levels of ex-
pression of GST 7 and mdrl genes and the
sensitivities to cisplatin and carboplatin in
human lung cancer cell lines. We report here
that SCLC cell lines with high sensitivity to
these drugs contained much smaller amounts
of mRNA for the GST x gene, but that the
amounts of mdrl mRNA were not correlated
with the sensitivity to cisplatin and carbo-
platin in the lung cancer cell lines tested.

The 6 lung cancer cell lines used in this
study were 3 SCLC cell lines (Lu-134-B-§,
Lu-135 and Lu-139), 2 adenocarcinoma cell
lines (PC-7 and PC-9), and one large cell
carcinoma cell line (PC-13).” All the cell lines
were cultured in RPMI1640 medium contain-
ing 10% fetal calf serum (FCS) at 37° under
a humidified atmosphere of 5% CO,. The cells
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Fig. 1. Expression of GST 7 gene and mdrl gene in human lung cancer cells, Northern blot
hybridization analysis on poly(A)* RNA from 6 human lung cancer cell lines was carried out with
human GST z cDNA clone (A), mdr] gene (B) or S-actin gene (C) as a probe. After washing out mdrl
probe, the same filter was rehybridized with S-actin gene: lane 1, PC-7; lane 2, PC-9; lane 3, PC-13;
lane 4, Lu-134-B-S; lane 3, Lu-135; lane 6, Lu-139. The size of mRNA in each column was calculated

from the locations of 285 and 188 ribosomal RNA.

were harvested at the late logarithmic growth
stage and washed with cold phosphate-
buffered saline. Total RNA was prepared by
the guanidium isothiocyanate-cesium chloride
method. Poly(A)™ RNA was obtained by
passing total RNA through an oligo(dT) cel-
lulose column.'® Approximately 2 g of poly
(A)" RNA was electrophoresed and trans-
ferred to nitrocellulose filters. By screening a
human placenta c¢cDNA library with rat
GST-P ¢DNA clone as a probe,'” one GST 7
c¢DNA clone termed GSTPi2 was obtained.'”
The GST 7z gene is a human counterpart of
the rat GST-P gene, The 0.7 kb EcoRI frag-
ment of GSTPi2 clone and the 0.8 kb Pvudl
fragment of pMDRI plasmid DNA™ were
used as specific probes for the GST z gene and
mdrl gene, respectively. These probes were
labeled with [a-"P]dCTP to a specific activity
of 2x10° cpm/ug DNA using the Multi-
priming DNA Labeling System (Amersham
Japan). Hybridization was performed for 48
hr under stringent conditions (5XS8SC, 50%
formamide, 42°). After hybridization, the
filters were washed 3 times in 0.1 XS8SC con-
taining 0.1% SDS at 65° for 15 min. The filter
was exposed to film at —70° for 16-20 hr.
Northern blot hybridization analysis on
poly(A)* RNA from 6 lung cancer cell lines
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with GSTPi2 as a probe showed a single band
of 0.8 kb in all the lines (Fig. 1A). The
intensity of the band varied in each cell line,
In poly(A) " RNA from the 3 SCLC cell lines
only faint bands were visible after 20 hr expo-
sure to the film, In contrast, the levels of GST
7 mRNA in the 3 NSCLC cell lines were
significantly higher than those in the 3 SCL.C
cell lines. Northern blot hybridization analysis
with mdr cDNA as a probe showed a faint
band at 4.5 kb in poly(A)* RNA from only
one SCLC cell line, Lu-134-B-S (Fig. 1B).
The expression of mdrl gene in other cell lines
was too low to be detected by a one-week
exposure. It was reported that normal hung
tissue has an intermediate level of mdrl
mRNA, the same as the colon, liver, jejunum,
and rectum.'¥

To confirm that the same amount of intact
poly(A)* RNA was loaded on each lane, the
same filter was used for hybridization with
B-actin gene probe after washing out the mdr]
probe (Fig. 1C).

In order to examine the relationship be-
tween the sensitivity and the expression of
GST 7 and mdri genes, the ICss of cisplatin
and carboplatin for the SCLC cell lines (Lu-
134-B-S, Lu-135 and Lu-139) and the NSCLC
cell lines (PC-7, PC-9 and PC-13} were es-

Jpn. J. Cancer Res. (Gann)



GST 7 EXPRESSION AND DRUG SENSITIVITY

Table I. ICxs of Cisplatin and Carboplatin for
SCLC and NSCLC Cel! Lines

ICy (1zg/ml) £ SD?

Cell line

Cisplatin  Carboplatin
SCLC Lu-134-B-8 0.27X0.08 0.80£0.3%
Lu-135 0.25%0.06 0.90%0.71
Lun-139 0.20£0.11  0.70+£0.21
NSCLC” PC-7 1.80+0.55 4.42+1.50
PC-9 0.95+£0.66 4.80%1.23
PC-13 0.90£0.47 5424092

a) Sensitivity to the drugs was estimated by colony-form-
ing assay as described in the text. The mean and standard
deviation of ICy in three independent experiments are
presented.

&) The data were from our previously published results.”

timated by means of colony-forming assay as
described previously (Table 1)."? Briefly, 1
ml of cell suspension in RPMI1640 medium
containing 10% FCS and 0.3% agar (cell
concentration, 1-3 X 10° cells/ml) was plated
onto the bottom layer of enriched McCoy’s
5A medium containing 0.5% agar in a 35 mm
plastic Petri dish. After plating, tumor cells
were incubated at 37° in 5% CO, in a highly
humidified incubator for 12-21 days and the
colonies in the Petri dish were counted with
an automatic particle counter (Shiraimatsu,
Japan).

The ranges of the ICys of cisplatin and
carboplatin for the these SCLC cell lines were
0.20-0.27 yg/ml and 0.70-0.90 1g/ml, respec-
tively, while those for the NSCLC cell lines
were previously shown to be 0.90-1.80 ygg/ml
and 4.8-5.4 pg/ml, respectively (Table I)."”
Thus, the ICqs of these drugs for SCLC cell
lines were 3- to 9-fold less than those for
NSCLC cell lines. High sensitivity to cisplatin
and carboplatin in SCLC cell lines was cor-
related with low levels of mRNA expression
of the GST 7 gene. These results suggest that
the low level of GST 7 may be responsible for
the high sensitivities to the 2 compounds in
the SCLC cell lines. However, the amounts of
GST 7 mRNA. in the 3 NSCLC cell lines used
in this study did not exactly correlate with the
resistance to cisplatin and carboplatin. This
may be due to the presence of other factors
effecting the resistance to those drugs, for
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example, differences of intracellular concen-
tration of methallothionein, drug uptake and
repair of drug-induced DNA damage. On the
other hand, the present results clearly showed
that the level of mdr! mRNA did not corre-
late with the sensitivity of these lung cancer
cell lines to cisplatin and carboplatin, indicat-
ing that the P-glycoprotein-mediated efflux
system was not in any major way responsible
for the difference of sensitivity to these drugs
in the cell lines. GSH plays an important role
in detoxification of alkylating agents and
cross-linking agents and in repair of cellular
injury by these drugs. One of the functions of
GST is to conjugate these drugs to GSH.
Although it is necessary to study further the
correlation between GST 7 mRNA level and
the sensitivity to cisplatin and carboplatin in a
wide variety of cells, these results suggest that
the low levels of GST z in SCLC cells may be
an important factor influencing the high sensi-
tivity to cisplatin and carboplatin in SCLC
cells.
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