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Reduced drug accumulation in a newly established human lung squamous- 
carcinoma cell line resistant to eb-diamminedichloroplatinum(II) 

(Received 1 October 1991; accepted 1 April 1992) 

Abstract-A human lung squamous-carcinoma cell line resistant to c~-diamminedichloropIatinum(I1) 
(CDDP), designated PCIO-B3, has been established from the original cell line PC10 by a stepwise 
increment of the CDDP concentration. This is the first report, to our knowledge, to establish a CDDP- 
resistant lung squamous-carcinoma ceil line. PClO-B3 has continued to proliferate in the presence 
of 0.5yg/mL CDDP, whereas PC10 could not survive. A 3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide (Ml-I) assay revealed that PCIO-B3 was ll.Cfold more resistant to 
CDDP than PC10 and cross-resistant to diammine(l,l-cycIobutanecarboxylate)platinum(II) (CBDCA) 
and 254-S, but not to doxo~bi~n or etoposide. PClO-B3 was characterized by a smaller DNA index 
and a larger cell size compared to PClO. The level of intracellular platinum accumulation was reduced 
by about 5- to 8-fold in PClO-B3 when compared with PClO, suggesting that reduced drug accumulation 
may be one of the important factors in contributing to CDDP resistance in PClO-B3. 

c~-Diamminedichloroplatinum(II) (C~DP*)-based com- 
bination chemotherapy has been widety used for its clinical 
potential on a broad spectrum of human malignancies 
[l, 21. However, repetitive administration of CDDP is 
likely to reduce its efficacy even in patients dramatically 
responsive to CDDP initially. This decline in efficacy is 
mainly due to the genesis or predominance of CDDP- 
resistant subpopulat~ons. Therefore, uncovering the 
mechanisms of CDDP resistance seems indispensible to 
improving the outcome of chemotherapy based on CDDP. 
Thus, a variety of experimental approaches have been 
conducted, and many of them have taken advantage of in 
vitro established CDDP-resistant cell lines to seek their 
resistant machinery by comparison with their respective 
original cell lines. These methods may also provide 
information in uncovering more complicated resistant 
phenomena in clinics. Actual mechanisms of CDDP 
resistance detected so far are more complex and versatile 
than was anticipated. These include increased expression 
in the non-protein sulihydryl glutathione [3-51 and its 
related enzymes [6,7], protein sulfhydryl metallothionein 
[8,9], andenhanced repair of CDDP-induced DNA damage 
(lO-121, Other unknown factors involved in CDDP 
resistance cannot be denied 1131. 

In the present study we have developed a CDDP- 
resistant cell line designated PClO-B3 from a human lung 
squamous-carcinoma cell line PClO. To our knowledge, 
this is the first report to establish a pulmonary squamous- 
carcinoma cell line resistant to CDDP. Moreover, the 
characterization of this cell line PClO-B3 was examined, 
and reduced drug accumulation was implicated as one of 
the important contributors to the CDDP resistance in 
PClO-B3. 

Materials and Methodr 

Drugs. CDDP and etoposide were provided by Nippon 
Kayaku, Tokyo, Japan. Diammine( 1 ,l-cyclobutane- 
carboxylato)platinum(II) (CBDCA) and 254-S were 
obtained from Bristol Myers, New York, while doxorubicin 
was from Kyowa Hakko, Tokyo, Japan. 

* Abbreviations: CDDP, cis-diamminedichloropla- 
tinum(II); CBDCA, diammine( 1, l-cyclobutanecarboxy- 
lato)platinum(II); M’IT, 3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide; DMSO, dimethyl sulfoxide; 
and ELISA, enzyme-linked immunosorbent assay. 

Cell lines and development of resistance to CDDP. The 
original human squamous~arcinoma cell line PC10 
(provided by Prof. Y. Hayata, Tokyo Medical Coltege) 
was maintained in an RPMI-1640 medium supplemented 
with 10% heat-inactivated fetal bovine serum at 37”, 5% 
CO,. A CDDP-resistant subline, PClO-B3, was developed 
by a stepwise increment of the CDDP concentration as 
follows. The initial concentration of CDDP was 0.1 pg,/ 
mt. After the cells reached confluence, they were passaged 
into a CDDP-free medium. When the cefls entered the 
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Fig. 1. Growth curves of PC10 (0) and PClO-B3 (A) in 
CDDP-free medium, and PC10 (0) PClO-B3 (A) in the 
presence of 0.5 pg/mL CDDP. Points and bars represent 

means 2 SD of 3 independent experiments. 
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logarithmic phase, new CDDP was added and the 
concentration of CDDP was increased by 0.1 ,ug/mL. 
Gradually escalating doses of CDDP was carried out every 
few passages, and the concentration of CDDP reached 
1.5 pg/mL over 6 months. Subsequently, the cells were 
exposed to continuous challenge of 0.5, 1.0 and 1.5 ,ug/mL 
CDDP, respectively. After long-term passages for 3 
months, cells under l.Opg/mL and 1.5 pgg/mL CDDP 
became gradually unstable and then could no longer 
survive, while those in the constant presence of 0.5 pgg/mL 
CDDP were persistently stable enough to proliferate to 
confluence from a very sparse cell density. This stable mass 
population was subjected to the limiting dilution technique 
and the resultant subclone PClO-B3 resistant to CDDP 
was obtained. 

Characteristics of cell growth, DNA index and cell size. 
Subconfluent cells were transferred to 24-well plates so as 
to adjust an initial cell number to 2 x lO“/mL. The number 
of cells was counted every 24 hr for 7-10 days without 
changing the medium so as to plot growth curves. To 
determine cellular DNA content and cell size, exponentially 
growing cells were fixed with 70% ethanol for at least 
30 min at 4”, and resuspended in phosphate-buffered saline 
containing 50 pg/mL propidium iodide and lOO~g/mL 
RNase, followed by analysis using a FACScan flow 

cytometer (Becton Dickinson, Mountain View, CA). DNA 
index was calculated as the ratio of DNA content of each 
cell line to that of the normal human lymphocytes. Cell 
size was expressed as the relative value to normal 
lymphocytes. 

MTT assay. The 3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide (MTT) assay modified by 
Mosmann was utilized (14). Cells were harvested at their 
exponential phase and transferred to 96-well plates so that 
cell density was optimal at the time of the assay. On 
the following day, chemotherapeutic drugs at various 
concentrations were added to each well. After a 4-day 
incubation, MTT solution was added to each well, followed 
by a further 4-hr culture allowing for the formazan crystals 
to generate from MTT by living cells. Immediately after 
formazan products were dissolved by dimethyl sulfoxide 
(DMSO), spectrophotometric absorbance was measured 
at 54Onm with an enzyme-linked immunosorbent assay 
(ELISA) reader (ImmunoReader NJ-2000, Nippon 
InterMed K.K., Tokyo, Japan). 

Platinum content. Intracellular platinum content was 
measured using a Hitachi model Z-8000 polarized Zeeman 
atomic absorption spectrometer (Hitachi, Ltd., Tokyo, 
Japan). Determined platinum content was corrected for 
cellular protein as measured by the Bradford method. 
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Fig. 2. Concentration-response curves of PC10 (0) and PClO-B3 (0) to CDDP (a), 254-S (b) and 
doxorubicin (c). Points and bars represent means * SD of 2-3 experiments performed in duplicate. 
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Table 1. Relative resistance of PClO-B3 compared to PC10 
for CDDP and other chemotherapeutic drugs 

1c50 O.dmL) 

Drugs PC10 PClO-B3 Relative resistance 

CDDP 0.35 4.0 11.4 
CBDCA 11.8 55.3 4.7 
254-S 1.2 8.5 7.1 
Doxorubicin 2.4 2.4 1.0 
Etoposide 2.2 1.8 0.8 

Values are means of 2-4 determinations performed in 
duplicate. 

Results and Discussion 

The characteristics of CDDP-resistant subline PClO-B3 
were studied and compared to those of the original cell 
line PClO. Figure 1 shows the growth curves of PC10 and 
PClO-B3 both in CDDP-free medium and in the nresence 
of 0.5 pg/mL CDDP. The growth of PClO-B3 was inhibited 
slightly in the presence of 0.5 pg/mL CDDP, whereas PC10 
could not grow at all and died within 2 weeks. Doubling 
times of PC10 and PClO-B3 were estimated to be 23.5 and 
33.0 hr, respectively, with asignificantly prolonged doubling 
time of the latter (P < 0.01). In addition, cellular DNA 
content and cell size were determined. Compared to PClO, 
PClO-B3 had a smaller DNA index (2.15 vs 1.93). and a 
larger cell size (1.98 vs 2.57). 

Concentration-response curves were made by MTT 
assay to estimate the degree of CDDP resistance in PClO- 
B3. PClO-B3 proved to-be ll.Cfold more resistant than 
PC10 to CDDP (Table 1, Fig. 2a). The cross-resistance 
pattern of PClO-B3 to other chemotherapeutic drugs, 
including CDDP derivatives, was confirmed. As shown in 
Table 1 and panels b and c of Fig. 2, the cross-resistance 
of PClO-B3 to CDDP derivatives,-CBDCA and 254-S, was 
less than to CDDP (resistance was 4.7- and 7.1-fold, 
respectively), whereas no cross-resistance was observed 
against doxorubicin or etoposide. 

Finally, intracellular platinum accumulation was 
measured in PC10 and PClO-B3. CDDP was added at a 
final concentration of 5.0 ,ug/mL to exponentially growing 
PC10 and PClO-B3 in lo-mL tissue culture plates. 
Intracellular platinum content after being exposed to 
CDDP for 1, 3 and 6 hr was calculated. Platinum 
accumulation in PClO-B3 was reduced by about 5-8 times 
as compared to that in PC10 at every time point examined, 
i.e. reduced 5.2-. 7.7- and 6.0-fold in PClO-B3 on the 
average, after l-, 3- and 6-hr exposures, respectively (Fig. 
3). Therefore, reduced drug accumulation is considered to 
be one of the important factors inducing CDDP resistance 
in PClO-B3. 

The reduction in intracellular platinum accumulation has 
been found in various CDDP-resistant cell lines, e.g. head 
and neck carcinoma, ovarian carcinoma and leukemia (15- 
171. This mechanism was also seen in small-cell lung 
carcinoma and lung adenocarcinoma cell lines resistant to 
CDDP 118.191. Since the same mechanism was revealed 
in PC&B3 *originating from a lung squamous-cell 
carcinoma, it could be involved in CDDP resistance 
irrespective of the difference in histologies, at least in the 

$ Corresponding author: Dr. Motoo Katabami, Labora- 
tory of Molecular Genetics, Cancer Institute, Hokkaido 
University School of Medicine, Kita- Nishi-7, kita-ku, 
Sapporo 060, Japan. FAX 011-717-1127. 
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Fig. 3. Accumulation of platinum in PC10 and PClO-B3. 
PC10 (0) and PClO-B3 (0) were exposed to 5.0pg/mL 
CDDP for 1, 3 and 6 hr. Points and bars represent means 

2 SD of 3-4 independent experiments. 

lung. Although CDDP is generally thought to influx into 
cells through passive diffusion, it is not obvious whether 
reduced platinum accumulation in PClO-B3 is due to a 
blockage of CDDP passive diffusion or, if any, an increased 
efficiency of the CDDP efflux system. 

P-glycoprotein is unlikely to contribute to the CDDP 
resistance in PClO-B3, since PClO-B3 did not show cross- 
resistance to doxorubicin. Furthermore, additional factors 
other than reduced drug accumulation contributing to 
CDDP resistance in PClO-B3 need to be explored, because 
more than one factor relevant to CDDP resistance could 
function in one cell line [ 191. There may be overexpressions 
of metallothionein, glutathione and its related enzymes, 
enhanced DNA repair, or other unknown factors. Further 
investigation on mechanisms of CDDP resistance in PClO- 
B3 may be useful to circumvent the problem associated 
with CDDP resistance and to improve the clinical 
effectiveness of CDDP. 
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Protection against tabun toxicity in mice by prophylaxis with an enzyme 
hydrolyzing organophosphate esters 

(Received 28 January 1992; accepted 27 March 1992) 

Abstract-We demonstrate here the correlation between protection afforded by pretreatment alone 
with parathion hydrolase purified from Pseudomonas sp. against tabun toxicity in mice and the kinetic 
parameters which are assumed to determine the in vivo detoxification of tabun by the same enzyme. 
Results show that 15 and 22 pg of parathion hydrolase per animal conferred a protective ratio of 3.94 
and 5.65 respectively, against tabun toxicity, without post-exposure treatment. 

Pretreatment with as little as 7.5 and 26pg of parathion treatment, protection against multiple median lethal doses 
hydrolase purified from Pseudomonas sp. has been (LD50) of diethyl p-nitrophenyl phosphate (paraoxon) and 
demonstrated in mice to confer, without additional its P-F-containing analogue, diethyl fluorophosphate 


