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Differential interaction of cisplatin with the HIV-1 long
terminal repeat in a resistant ovarian carcinoma cell line

V Zoumpourlis,' DJ Kerr? and DA Spandidos'®

"Institute of Biological Research and Biotechnology, National Hellenic Research Foundation, 48 Vas. Constantinou

Ave, Athens 11635, Greece. Tel: 7229811-15

2Department of Clinical Oncology, Queen Elizabeth Hospital, Birmingham B15, UK
3Medical School, University of Crete, Heraklion 71110, Greece

We constructed a recombinant plasmid, pBHIV1, carrying
the long terminal repeat (LTR) sequences of HIV-1 linked
to the reporter chloramphenicol acetyl transferase (CAT)
gene and to the aminoglycoside phosphotransferase
(aph) gene as a selectable marker. We have introduced
pBHIV1 in a human ovarian cancer cell line A2780 and in
a cisplatin resistant variant 2780CP, and obtained stable
geneticin resistant A27HIV1-1 and 27CPHIV1-1 cells,
respectively. Both transfectant cells express CAT activity
from the HIV LTR promoter. The response to the
anti-neoplastic drug cisplatin was studied on the LTR
regulated CAT activity in both cell lines. It was found that
cisplatin at 2.5 x 10-5M concentration stimulates the
expression of CAT by 26-fold from the HIV LTR in
A27HIV1-1, but requires a concentration of 5 x 1075M to
enhance expression by 4.1-fold in the cisplatin resistant
27CPHIV1-1 cells. Carboplatin, over a range of concentra-
tions (1 x107° to 1 x10"*M), does not stimulate
expression of CAT from the HIV-1 LTR in either of the
transfected cells.

Key words: Carboplatin, cisplatin, HIV-1.

Introduction

Cisplatin [¢is-diamminedichloroplatinum (II)] has
become established as an antitumor agent of major
clinical importance since its introduction in the
early 1970s, and is particularly active against
gynecological malignancies such as ovarian carcino-
ma.? The antitumor activity of cisplatin appears to
be mediated by the modification of DNA bases by
forming multiple types of interstrand and in-
trastrand adducts.™® However, the severe toxicity
(particularly nephrotoxicity) or circumvention of
cisplatin resistance in tumors has led to the develop-
ment of second generation analogs.>® Today,
despite numerous synthetic chemistry initiatives,
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only one additional platinum complex, carboplatin
[paraplatin, c/s-diammine-1,1-cyclobutane dicar-
boxylatoplatinum (II)] has general acceptance.

The therapeutic effectiveness of carboplatin and
cisplatin is similar even though the dose-limiting
toxicities of these drugs are different.’

The molecular pharmacology of these agents is
complex; however, their cytotoxicity has been
correlated with the formation of mono- and
bihydroxylated platinum intermediates which then
bind to the N’ residue of guanine, causing
intra- and interstrand DNA cross-links.***° The
relatively low aquation rate of carboplatin as
compared with cisplatin also explains why relatively
high concentrations of this drug are required to
obtain detectable adduct levels in cells in culture;
hence, the different cytotoxicity of these two agents.

The HIV-1 long terminal repeat (LTR) flanks the
proviral DNA and contains functional units and
signals that govern transcriptional initiation and
termination. A variety of events, such as infection
of the host cells with other viruses and stimulation
by some mitogens, cytokines, positive regulatory
factors (e.g. NF-xB) induced by cell activation, gene
products such as Zaf, protein ras p21 and
chemotherapeutic drugs (cisplatin, doxorubicin,
hexamethylene bisacetamide and mitomycin C),
induce transcriptional activation through HIV-1
LTR.l}ZO

In a previous study we have found that anticancer
drugs, i.e. cisplatin, doxorubicin, and hexamethy-
lene bisacetamide as opposed to carboplatin,
stimulate the expression of the reporter chlor-
amphenicol acetyl transferase (CAT) gene from the
HIV-1 LTR in rat and human fbroblasts,
respectively.”” " In the present study we have
investigated the effects of platinum coordination
complexes on HIV-1 LTR-driven expression of the
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CAT gene in platinum sensitive and resistant
human ovarian cancer cell lines.

Materials and methods
Recombinant plasmids and cell lines

Plasmid pBHIV1 carrying a 728 bp Xhol-HindI11
DNA fragment containing the HIV-1 LTR
sequences was constructed by inserting a 1.9 kb
BamHI fragment carrying the aph gene into the
single BamHI site of plasmid pBC12/HIV/CAT.*

A2780 is an ovarian carcinoma cell line derived
from an untreated patient.22 This cell line was made
resistant to cisplatin by stepwise exposure with the
drug.” These cell lines were used as recipients to
obtain the A27HIV1-1 and 27CPHIV1-1 stable,
geneticin resistant transfectants with plasmid
pBHIV1.”” DNA transfections were carried out
using the calcium phosphate technique® as modified
previously.?*

Treatment of cells and CAT assays

Cells were plated at 1.5 x 10° per 75 cm® flask in
RPMI 1640 medium containing 10% fetal calf serum
(FCS) at 37°C. At 24 h later the medium was
replaced with RPMI 1640 containing 0.5% FCS and
left for another 24 h at 37°C. Then the medium was
changed with RPMI 1640 containing 5% FCS and
the various concentrations of cisplatin and
carboplatin, respectively. Cells were harvested 24 h
later and tested for CAT activity as previously
described.® In brief, the protein content was
estimated using the BioRad protein assay; 100 ug
of protein extract was mixed with 10 ul of 4 M
acetyl-CoA (Sigma, St Louis, MO, USA) and 2 ul
of ["*C]-chloramphenicol (57 mCi/mmol) (Amer-
sham, Buckinghamshire, UK) were added. The
mixture was incubated at 37°C for 90 min and
0.6 ml of ethyl acetate was then used to extract the
chloramphenicol. The organic layer was dried and
taken up in 30 pl of ethyl acetate, spotted on silica
gel thin-layer plates and run with chloroform:
methanol (95:5). After autoradiography, spots were
cut out and counted.

Assay for cell proliferation

Mosmann’s rapid colorimetric assay for cell
proliferation was used.?” A stock solution of MTT,

78 Aunti-Cancer Drugs+ 1ol 41993

3-(4,5-dimethylthiazol-2,5-diphenyl tetrazolium
bromide (from Sigma), in phosphate buflered saline
(5 mg/ml, filter sterilized) was prepared. This was
added to each well (10 ul per 100 pl medium) and
plates were incubated at 37°C for each time interval.
Then 110 ul of 0.04 N HCl in isopropanol was
added to each well and after thorough mixing (to
dissolve the dark blue crystals) was left for a few
minutes at room temperature. Then the plates were
placed on a Titertek Flow MicroELIZA reader and
optical density was recorded at a wavelength of
540 nm. Plates were read within 1 h of adding the
acid-isopropanol solution.

Results

Cisplatin enhances transcription from
the HIV LTR sequences

The recipient A2780 and 2780CP human ovarian
carcinoma cells and their derivative A27HIV1-1 and
27CPHIV1-1 transfectant cells were treated with
cisplatin at concentrations ranging from 1 x 107¢
to 2.5 x 107* M. Representative CAT assays are
shown in Figure 1(a) and the corresponding
histograms are shown in Figure 1(b) for the
sensitive and resistant cells.

At the optimal cisplatin concentration of
2.5 x 107°M a 26-fold increase in CAT activity
was obsetved for the A27HIV1-1 sensitive to
cisplatin transfectant cell line. On the other hand, a
4.1-fold increase was observed for the 27CPHIV1-1
resistant cisplatin transfectant cell line after
treatment with the optimal cisplatin concentra-
grams in Figures 2(a) and 3(a) and the histograms
in Figures 2(b) and 3(b), a time course revealed that
24 h exposure to cisplatin gave rise to maximal
activation.

Carboplatin does not stimulate
transcription from the HIV-1 LTR
sequences

The recipient A2780 and 2780CP human ovarian
carcinoma cells and their derivative A27HIV1-1 and
27CPHIV1-1 transfectant cells were treated with
carboplatin  at concentrations ranging from
1x107%t0 1 x107°M. A representative CAT
assay is shown in Figure 4(a) and the cotresponding
histogram is shown in Figure 4(b). At the optimal
carboplatin concentration of 1 X 107> M a 3.5-fold
increase in CAT activity was observed in cisplatin
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Figure 1. Induction of CAT activity in 27CPHIV1-1 and A27HIV1-1 cells by cisplatin. (a) Chromatogram for
representative CAT assays with extracts from recipient 2780CP and A2780 and transfectant 27CPHIV1-1
and A27HIV1-1 cells with and without treatment with cisplatin. (b) Histogram of recorded CAT activities.
Cells were tested for CAT activity as described in Materials and methods. Relative values of CAT activity
in 27CPHIV1-1 and A27HIV1-1 cells were 1.2 and 2.1 pmol acetylated chioramphenicol/ug protein/h
incubation, respectively. The average from three experiments is given. Standard deviation was less than

6% of the average values.

sensitive A27HIV1-1 cells, while at the same
concentration of carboplatin, no corresponding
stimulation was obtained in resistant cells.

Cisplatin and carboplatin toxicity

The cytotoxic effect of cisplatin and carboplatin on
A27HIV1-1 and 27CPHIV1-1 cells was measured

by a rapid cell proliferation assay, for different time
exposures (0, 24, 48, 72, 96 and 120 h) over a range
of drug concentrations (from 1 x 107° to
1 x 107° M) (Figures 5 and 6). The same initial
number of cells was used for each concentration.
Toxicity was measured using Mosmann’s colori-
metric MTT assay. As seen in Figure 5, at the
concentrations where the cisplatin was most
effective in stimulating the HIV LTR, it was
strongly inhibitory for cell proliferation.
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Figure 2. Induction of CAT activity in 27CPHIV1-1 cells by
cisplatin at various times post-treatment. (a) Chromato-
gram of representative CAT assays with extracts from
27CPHIV1-1 cells treated with 5 x 10°°*M cisplatin at
various times. (b) CAT values were computed and are
presented in histograms as described in Figure 1.

Discussion

The phenomenon of drug resistance in genito-
urinary malignancies such as ovarian carcinoma is
of great clinical importance. The mechanism of
tumot resistance to cisplatin is not yet clear but
there is in vitro evidence suggesting that resistance
is at least in part due to increased repair of cisplatin
DNA adducts with DNA polymerase . It is
presumed that adduct repair requires recognition of
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Figure 3. Induction of CAT activity in A27HIV1-1 cells by
cisplatin at various times post-treatment. (a) Chromato-
gram from representative CAT assays with extracts from
A27HIV1-1 cells treated with 2.5 x 10-3M cisplatin at
various time intervals. (b) CAT values were computed and
are presented in histograms as described in Figure 1.

the adduct, its excision from the DNA double-helix,
replacement of the excised bases and their
relegation. In human leukemia and ovarian
carcinoma cells, the initial accumulation of cisplatin
(2-10 uM) during the first 10 min after the addition
of the drug is similar between sensitive and resistant
cells.” There are transport differences in human
carcinoma cells that are sensitive and resistant to
cisplatin at higher concentrations (50-100 uM) and
at longer time points,* and intracellular glutathione
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Figure 4. Induction of CAT activity in 27HIV1-1 and A27HIV1-1 cells by carboplatin. (a) Chromatogram
from representative CAT assays with extracts from recipients 2780CP and A2780 and transfectants
27CPHIV1-1 and A27YHIV1-1 cells with and without treatment with carboplatin. (b) CAT values were
computed as described in Figure 1 and are presented in histograms. Relative values of CAT activity in
27CPHIV1-1 and A27HIV1-1 were 1.2 and 2.1 pmol acetylated chloramphenicol/ug protein/h incubation,
respectively. The length of exposure time to carboplatin was 24 h. Values are means from three
experiments. Standard deviation was less than 4% of the average values.

metabolism may contribute to platinum resistance.
The polymerase chain reaction and other methods
have demonstrated gene amplification and enhanced
gene expression for DNA polymerase 8, fos, H-ras
and myc in carcinoma patients who have failed
cisplatin, %233

In a previous study we examined the effect of
cisplatin, doxorubicin and hexamethylene bisaceta-
mide on the transcriptional activation of the HIV-1
LTR employing transfectant cell lines of rat and
human origin, expressing the reporter CAT gene

from the HIV-1 LTR sequences. We have found
that these anti-neoplastic drugs act as powerful
inducers of CAT activity."” ' In the present study
we have found that cisplatin causes a significant
increase of 26- or 4.1-fold in transcriptional activity
of the HIV-1 LTR regulatory sequences in sensitive
and resistant human ovarian carcinoma, and
transfectant cells A27HIV1-1 and 27CPHIV1-1
respectively (Figure 1a and b). In addition we have
confirmed that the HIV-1 LTR promoter does not
respond to carboplatin in either sensitive or
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Figure 5. Cell proliferation in response to cisplatin after
various exposure times. Exponentially growing (a)
27CPHIV1-1 and (b) A27HIV1-1 cells (3 x 107%) were
plated in 96-well tissue culture clusters (Costar) in
RPMI 1640 medium containing 10% FCS in the presence
of the indicated concentration of cisplatin. At the indicated
times cell proliferation was measured using Mosmann'’s
rapid colorimetric assay.

resistant human ovarian carcinoma transfectant cells
(A27HIV1-1 and 27CPHIV1-1, respectively). De-
spite the fact that the active molecular principle is
the same for cisplatin and carboplatin, there is a
clear difference in their ability to interact with the
HIV-1 LTR promoter. This could be explained
partly by the differences in the kinetics of hydration
of the two compounds, which has been shown to
affect the rate of binding to DNA (slower for
carboplatin).*® A plausible explanation for the
effects of cisplatin in sensitive cell lines is that it
binds to ¢/s-acting regulatory sequences of the HIV
LTR and inhibits the binding of negative regulatory
proteins. In contrast, in resistant 27CPHIV1-1
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Figure 6. Cell proliferation in response to carboplatin
after various times of exposure. At the indicated times
cell proliferation of (a) 27CPHIV1-1 and (b) A27HIV1-1 was
measured as described in Figure 5.

human ovarian carcinoma cells, the changes in
expression due to the mechanisms involved in
conferring relative resistance to cisplatin [e.g. DNA
polymerase f# and oncogenes (fos/ras/myc)] increase
the rate of repair of c/s-platin-DNA damage.
Therefore, the negative regulatory protein could
gain access to the DNA regulatory elements and
suppress CAT expression controlled by HIV-1 LTR
sequences.

It is interesting to note that the relative cellular
resistance to cisplatin correlates inversely with the
ability of cisplatin to reduce transcription from
HIV-1 LTR. It is possible that the biochemical
mechanisms responsible for drug resistance (e.g.
increased DNA repair) are associated with the
mechanisms responsible for damping down the
transcriptional inductive effect of cisplatin.



References

10.

11.

12.

13.

16.

17.

. Spandidos

. Rosenberg B, Van Camp M, Krigas T. Inhibition of cell

division in Escherichia coli by electrolysis products from a
platinum electrode. Nazare 1965; 205: 698-9.

. Locher PJ, Einhorn LH. Cisplatin. .Aan Intern Med 1984;

100: 704-13.

. Plooy ACM, Fichtinger-Schepman AM], Schutte HH, e#

al. The quantitative detection of various Pt=DNA adducts
in Chinese hamster ovary cells treated with cisplatin:
application of immunochemical techniques. Careinogenesis

1985; 6: 561-66.

. Eastman A. The formation, isolation and characterization

of DNA adducts produced by anticancer platinum
complexes. Pharmacol Ther 1987; 34: 155-60.

. Canetta R, Bragman K, Smaldone L, ez a/. Carboplatin:

current status and future prospects. Cancer Treat Res 1988;
15 (suppl B): 17-32.

. Knox JR, Friedlos F, Lydall AD, ¢/ a/. Mechanism of

cytotoxicity of anticancer platinum drugs: evidence that
cis-diamminedichloroplatinum (IT) and ¢/s-diammine-(1,1-
cyclobutanedicarboxylato)platinum (IT) differ only in the
kinetics of their interaction with DNA. Cancer Res 1986,
46: 1972-79.

. Calvert All, Harland S], Newell DR, ¢/ 4/. Early clinical

studies with cis-diammine-1,1-cyclobytane dicarboxylate
platinum I1. Cancer Chemother Pharmacol 1982; 9: 140-7.

. Pascoe JM, Roberts JJ. Interaction between mammalian

cell DNA and inorganic platinum compounds, DNA
interstrand cross-linking and cytotoxic properties of
platinum 11 compounds. Biochewm Pharmacol 1974; 23:
1345-57.

. Macquet JP, Butour JL. Modifications of the DNA

secondary structure upon platinum binding: a proposed
model. Biochemie 1978; 60: 901-14,

Barre-Sinoussi F, Chermann JC, Rey F, ¢ 4/. Isolation of
a T-lymphotropic retrovirus from a patient at risk for
acquired immune deficiency syndrome (AIDS). Science
1983; 220: 868-71.

Fauci AS. The human immunodeficiency virus: infectivity
and mechanisms of pathogenesis. Science 1988; 239: 617-22.
Cremer K], Spring SB, Gruber J. Role of the human
immunodeficiency virus type 1 and the other acquired
immunodeficiency disease syndrome. | Nat/ Cancer Inst
1990; 82: 1016-24.

Cullen BR, Greene WC. Regulatory pathways governing
HIV-1 replication. Cel/ 1989; 58: 423-6.

DA, Yiagnisis M, Pintzas A. Human
immunodeficiency virus long terminal repeat responds to
transformation by the mutant T24 H-ras 1 oncogene and it
contains multiple AP-1 binding TPA-inducible consensus
sequence elements. Anticancer Res 1989; 9: 383-6.

. Spandidos DA, Zoumpourlis V, Kotsinas A, et al

Transcriptional activation of the human immunodeficiency
virus long terminal repeat sequences by ¢/s-platin. Gen Anal
Techn Appl 1990; 7: 138-42.

Zoumpourlis V, Patsilinakos P, Kotsinas A, ¢/ a/. Cisplatin
stimulates the expression from the human immunodefi-
ciency virus long terminal repeat sequences in human
fibroblasts. Anti-Cancer Drugs 1990; 1: 55-8.
Zoumpourlis V, Kerr D], Spandidos DA. Doxorubicin

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Cisplatin, carboplatin and HIV -1 expression

stimulates transcription from the human immunodeficiency
virus long terminal repeat sequences. Cancer Letz 1991 58:
181-5.

Zoumpourlis V, Kerr DJ, Spandidos DA. Carboplatin as
opposed to cisplatin does not stimulate the expression of
the human immunodeficiency virus long terminal repeat
sequences. Biochews Pharmacol 1992; 43: 650-4.
Zoumpourlis V, Spandidos DA. Hexamethylene bisaceta-
mide stimulates the expression of human immunodefi-
ciency virus long terminal repeat sequences in rat and
human fibroblasts. Anti-Cancer Drugs 1992; 3: 163-7.
Valerie K, Delers A, Claudine B, e# 4/. Activation of human
immunodeficiency virus type 1 by DNA damage in human
cells. Nature 1988; 333: 78-81.

Bergel ], Hauber R, Geiger R, e/ a/. Secreted placental
alkaline phosphatase: a powerful new quantitative
indicator of gene expression in eukaryotic cells. Gene 1988;
66: 1-10.

Eva A, Robbins KC, Anderson PR, ez a/. Cellular genes
analogous to retroviral onc genes are transcribed in human
tumour cells. Nature 1982; 295: 116-19.

Lauie KG, Hamilton TC, Winker MA, ¢ /. Adtiamycin
accumulation and metabolism in adriamycin-sensitive and
resistant human ovarian cancer cell lines. Biocher Pharmaco!
1986; 35: 467-72.

Graham FL, Van der Eb AJ. A new technique for the
assay of infectivity of human adenovirus 5 DNA. Virology
1973; 52: 456-61.

Spandidos DA, Wilkie NM. Expression of exogenous
DNA in mammalian cells. In: Hames BO, Higgins S}, eds.
In vitro transcription and translation—a practical approach.
Oxford: IRL Press 1984: 1-48.

Spandidos DA, Riggio M. Promoter and enhancer like
activity at the 5-end of normal and T24 Ha-ras 1 genes.
FEBS Letr 1986; 203: 169-74.

Mosmann T. Rapid colorimetric assay for cellular growth
and survival: application of proliferation and cytotoxicity
assay. | Immunol Methods 1983; 65: 55-63.

Yashwantrai N, Wong-Staal V. The biochemistry of AIDS.
Aunnu Rev Biochens 1991; 60: 577-630.

Kraker AJ, Moore CW. Elevated polymerase beta activity
in a cis-diamminedichloroplatinum(Il) resistant p388
mutine leukemia cell line. Cancer Lest 1988; 38: 307-14.
Scanlon KJ, Lu Y, Kashami-Sabet M, ¢t 4/. Mechanisms
for cis-platin-FUra synergism and c/s-platin resistance in
human ovarian carcinoma cells both ir vitro and in vive. In:
Rustum Y, McGuire |, eds. The expanding role of folates and
Sfluoropyrimides in cancer chemotherapy. New York: Plenum
Press 1988; 131-9.

Andrews PA, Velury S, Mann SC, ¢f a/. Cis-diamminedi-
chloroplatinum (II) accumulation in sensitive and resistant
human carcinoma cells. Cancer Res 1988; 48: 68—73.
Scalnon K J, Kashani-Sabet M. Differential gene expression
in human cancer cells resistant to cs-platin. Cancer Invest
1989; 7: 581-7.

. Spandidos DA, Zoumpourlis V, Lang JC. Cis-platin

responsive sequence in the human c-myc promoter.
Anticancer Res 1991; 11: 1353—0.

(Received 2 November 1992; accepted 16 November 1992)

Anti-Cancer Drugs+ 170/ 4+ 1993 83



