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The recombinant plasmids p324, p330 and p323 carrying
§' flanking c-myc sequences linked to the reporter gene
chloramphenicol acetyl-transferase (cat) were intro-
duced into the mouse erythroleukemia cell line
F412B2TK ™ and stable transfectants resistant to geneticin
were obtained. The effects of two platinum coordination
compounds, cisplatin and carboplatin, were studied using
a wide range of drug concentrations. It was found that
cisplatin stimulates cat gene expression with maximum
effect at 5 x 10~ M concentration, while carboplatin at
concentrations from 1 x 10~ %to 1 x 10~* M did not have
any effect. These results demonstrate that cisplatin
stimulates transcription from the c-myc promoter in
erythroleukemia cells and may support the use of
carboplatin as compared to cisplatin in the treatment of
cancer patients.
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Introduction

Cisplatin [¢/s-diammine-dichloro-platinum (II)] and
carboplatin  [ris-diammine(1,1-cyclobutanedicarb-
oxylato)platinum (II)] are two platinum coordina-
tion compounds used in the chemotherapy of
several types of human tumours including squa-
mous catcinoma of head and neck, testicular,
ovarian and lung cancer.'™

Despite similar degtees of anti-tumor activity of
these two compounds, clinical studies suggest that
carboplatin is myelotoxic and lacks much of the
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renal toxicity, ototoxicity and nephrotoxicity of the
parent compound, cisplatin.’

The molecular pharmacology of these agents is
complex; however, their cytotoxicity has been cort-
related with the formation of mono- and bihydroxy-
lated platinum intermediates which then bind to
the N’ residue of guanine, causing intra- and inter-
strand DNA cross-links.** Cisplatin and carboplatin
follow a similar aquation reaction, but this reaction
is much slower with carboplatin.®

The different patterns of toxicity of the two
compounds could also be explained by their differ-
ent pharmacokinetics within the body.®’ In wvivo
expetiments have shown a prolonged availability of
free (ultrafilterable) carboplatin in the blood plasma
compared with that of free cisplatin, due to differ-
ences in their binding to plasma proteins.®’

The c-myc proto-oncogene encodes two nuclear
phosphoproteins p62 and p64 involved in the con-
trol of cellular proliferation and differentiation.’
Alteted gene expression of c-myc has often been
implicated in initiation and maintenance of mal-
ignancy in chickens, rodents, rats and humans. ! 13

Mechanisms responsible for activation of the
oncogenic potential of c-zyc include proviral inser-
tion, chromosomal translocation and gene amplifi-
cation, and lead to quantitative rather than qualita-
tive changes in zyc protein. The regulation of c-myc
gene expression is complex and is controlled not
only at the level of transcription, by both positive
and negative c/s-acting regulatory elements, but also
at a post-transcriptional level including stabilization
of c-myc RNA (for a review see Cole').
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In the present study we show that in mouse
erythroleukemia cells cisplatin, but not carboplatin,
stimulates expression from the human c-myc promo-
ter.

Materials and methods
Recombinant plasmids and cell lines

The mouse erythroleukemia cell line F412B2TK ~*
can be transfected with high efficiency using
the calcium phosphate technique as previously
described.!>'¢

Plasmids p324, p330 and p323 (Figure 1) carrying
5" c-mye flanking sequences linked to the reporter cat
gene were introduced into the F412B2TK™ cell
line to obtain stable, geneticin-resistant transfec-
tants, F324-1, F330-3 and F323-1, respectively.

Cat assays

Cells were grown exponentially in Ham’s medium
containing 10% fetal calf serum (Fcs) and assayed
for cat activity as previously described.!’

Assay for cell proliferation

Cell proliferation was estimated using the rapid
colorimetric assay of Mossman.'® This assay has
been described in detail previously.” In brief, 10 ul
of MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] (Sigma) in phosphate buffered
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Figure 1. A 2830 bp Hindlll-BamHI fragment from human
c-myc containing 511bp of 5 flanking sequence was
linked to the coding sequence of the cat gene. 5' terminal
deletions of the myc promoter were constructed by Pvull
or Rsal cleavage followed by Hindlli linker addition and
similarly linked to the cat gene. The hybrid myc/cat
constructs were then cloned into the multi-cloning site of
vector p304 containing the aph gene.
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saline was added to 100 ul medium containing
F324-1 cells exposed to cisplatin and carboplatin for
various lengths of time (0, 24, 48, 72, 96 and 120 h).
The plates were incubated at 37°C for 4 h and then
110 ul of 0.04 N HCI in isopropanol was added to
each well. Optical density (OD) was recorded at
540 nm using a Titertek Flow MicroELIZA reader.

Results

The effect of cisplatin and carboplatin on F324-1,
F330-3 and F323-1 cells, harboring the recombinant
plasmids p324, p330 and p323, respectively, was
examined. As shown in the autoradiograph in
Figure 2(a) and the histogram in Figure 2(b), the
amount of cat produced in cell line F324-1 varies
with the amount of cisplatin administered to the
cells whereas it remains constant over a wide range
(1x107% to 1 x 107*M) of carboplatin con-
centrations. At the optimum concentration of
5 x 107> M, cisplatin causes a 7.4-fold increase in
cat activity. At higher doses (1 x 107* M cisplatin)
cat activity is shown to decrease, pethaps due to the
toxic effects of the drug. However, a greater
concentration (1 X 107> M) of carboplatin is
required to increase the amount of e by
3.7-fold (lane 11, Figure 2a).

F330-3 and F323-1 cell lines also responded to
cisplatin at the optimum concentration of 5 x
10™° M showing a 3.9- and 2.1-fold increase in caz
gene expression, respectively (Figutre 3a and b).

As shown in the autoradiograph in Figure 4(a)
and the histogram in Figure 4(b), the optimal time
period of exposure to cisplatin is 24 h, the
cat activity from F324-1 increased 7.4-fold. An
exposure longer than 24 h resulted in a dramatic
decrease in cat activity due to cell death (data not
shown).

The cytotoxic effect of cisplatin and carboplatin
was measured by a rapid cell proliferation assay, for
various time intervals (0, 24, 48, 72, 96 and 120 h),
and a range of drug concentrations (from 1 x 10~
to 1 x 107* M). As depicted in Figure 5(a and b),
catboplatin inhibits cell proliferation but is less
effective than cisplatin.

Discussion

The c-myc oncogene is implicated in the genesis of
a number of human neoplasia (for a review see Field
and Spandidos™). Recently, the importance of c-myc
expression in the modulation of cellular response to
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Figure 2. Induction of cat activity by cisplatin and
carboplatin. (a) Chromatogram of a representative cat
assay with extracts from parental F412B2TK~ and
transfectant F324-1 cells with and without treatment by
cisplatin (lanes 2-5) and carboplatin (lanes 7-11). (b)
Histogram of recorded cat activities. F324-1 cells were
plated at 1.5 x 10° cells/75cm? flask in Ham's SF12
containing 10% FCS at 37°C. At 24 h later the medium was
replaced with Ham's SF12 containing 0.5% FCS and left
for another 24 h at 37°C. The medium was then changed
to Ham's SF12 containing 5% FCS and varying concentra-
tions of drug (cisplatin or carboplatin). Cells were
harvested 24 h later and tested for cat activity as
described in Materials and methods. Cat activity was
1.0 nmol acetylated chloramphenicol/ug protein per hour
of incubation. An average from three experiments is
given. Standard deviation was less than 3% of
the average.

therapeutic agents such as cisplatin has been
reported.”’

In the present study we have investigated the
effect of cisplatin and carboplatin on the transcrip-
tional activation of the c-myc promoter employing
three stable transfectant mouse erythroleukemia cell
lines carrying different deletions of the c-mye
promoter. We have found that cisplatin at the
optimum concentration of 5 x 107> M induces a
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Figure 3. Induction of cat activity by cisplatin. (a)
Chromatogram of representative cat assays with extracts
from F324-1, F330-3 and F323-1 cells with and without
treatment by 5 x 107° M cisplatin. (b) Cat values were
computed and are presented in histogram form as
described in Figure 2.

significant increase in caf activity (7.4-, 3.9- and
2.1-fold in F324-1, F330-3 and F323-1, respectively)
while the carboplatin concentration needed to exert
a smaller effect (3.7-fold increase) on F324-1 is
1 x 1077 M. At concentrations from 1 x 107° to
1 x 107* M the c-myc promoter does not respond
to catboplatin.

The differences in cisplatin and carboplatin ability
to interact with c-myc promoter could be partly
explained by their differences in the kinetics of
aquation which has been shown to affect the rate of
binding to DNA.® Aquation of cisplatin is much
faster than that of carboplatin and about a 100-fold
and 20- to 40-fold dose of carboplatin is required

Anti-Cancer Drugs = 170/ 2+ 1991 599



A Elioponlos, D] Kerr and DA Spandidos

(a)
0 6 12 24 h
cis-platin 56x1075\
F324-1
(b) F324-1 cells treated with 5x10° M cis-platin
8
ol
w
> 0
Ea
3
o
? z
[=]
[
$o
w
A
° 4] 6 12 24
TIME (hrs)

Figure 4. (a) Induction of cat activity by cisplatin at various
times post-treatment. (b) Cat values were computed and
are presented in histogram form as described above.

in vitfro and in vive, respectively, to produce equal
binding.*’ This could also account for the fact that
a greater (1 X 1077 M) carboplatin concentration is
required to activate the c-myc promoter.

It is possible that activation of c-mye is beneficial
as it could increase cell cycling time and therefore
reduce the amount of time which the cell has to
repair the Pt-DNA lesion before mitosis.

Moreover, whereas in fibroblasts a cisplatin
responsive element has been localized in the region
between —350 and —290 of the c-myc promoter,*
it is of interest that in mouse erythroleukemic cells
the +1 to —290 promoter region (cell line F323-1)
still responds to cisplatin. This suggests a different
mechanism, possibly involving different proteins in
the mouse erythroleukemia cells as compared with
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Figure 5. Cell proliteration in response to cisplatin (a) and
carboplatin (b) at various times of exposure. Exponenti-
ally growing 4 x 10° F324-1 cells were plated in 96-well
tissue culture clusters (Costar) in Ham's SF12-10% FCS
medium in the presence of the indicated drug concentra-
tion. At the times shown, cell proliferation was measured
by Mossman’s rapid colorimetric assay.

fibroblasts. We are now studying the proteins which
mediate the cisplatin interaction with the c-mye
promoter in the two cell systems.
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