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Abstract

In this paper we analyse the in vitro sequence selectivity of the CC-1065 analogue 2-[[5-[(1H-indol-2-ylcarbonyl)-1H-indol-2-
yl]carbonyl]-7-methyl-1,2,8,8 a-tetrahydrocyclopropd cl-pyrrolo-3,2-e]-indol-4-one (U-71184) employing the polymerase-chain reaction
(PCR). In addition, we determined whether alteration of PCR by U-71184 is detected when DNA is isolated from cells cultured in the
presence of this drug. As molecular model systems we employed the human estrogen receptor gene, the Ha-ras oncogene and the
chromosome X-linked, (CGG)-rich fragile X mental retardation-1 gene. The first conclusion that can be drawn from the experiments
reported in our paper is that U-71184 inhibits PCR in a sequence-dependent manner. A second conclusion of our experiments is that PCR
performed on DNA from U-71184-treated cells is inhibited when the primers amplifying the estrogen receptor gene region are used. This
approach might bring important information on both in vivo uptake of the drug by target cells and binding to DNA.
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1. Introduction

Recent published observations from a large number of
molecular biology laboratories demonstrate that natural
antibiotics, such as the DNA-binding drug CC-1065 (Hur-
ley et al., 1988; Warpehoski et a., 1992), interfere with
the activity of a large variety of DNA-binding proteins,
including transcription factors (Broggini et al., 1989; Gam-
bari et a., 1991; Dorn et a., 1992; Gambari and Nastruzzi,
1994; Feriotto et a., 1994a; Welch et al., 1994). This
could have important practical applications in the experi-
mental therapy of many human pathologies, including
neoplastic as well as infectious diseases (Gambari and
Nastruzzi, 1994). It is well established, indeed, that regula-
tion of gene expression is operated, at the transcriptional
level, by complex interactions between proteins (transcrip-
tion factors) and promoters containing specific target ele-
ments (Berg and Von Hippel, 1988; Mitchell and Tjian,
1989; Lewin, 1991; Faisst and Meyer, 1992; Gaynor,
1992). From these considerations, it is hypothesized that
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pharmacologically mediated modulation of DNA /nuclear
protein complexes formation could represent a promising
approach to control expression of selected genes of eukary-
otic cells (Dervan, 1986; Lown, 1988; Laughton et d.,
1990; Gambari and Nastruzzi, 1994; Feriotto et a., 1995).
To test this hypothesis, a large number of investigations on
sequence selectivity of DNA-binding drugs were recently
published employing footprinting and gel retardation stud-
ies (Dervan, 1986; Portugal and Waring, 1987; Lown,
1988; Broggini et al., 1989; White and Phillips, 1989;
Churchill et al., 1990; Fox et al., 1990; Laughton et d.,
1990; Gambari et a., 1991; Gambari and Nastruzzi, 1994;
Dorn et a., 1992; Feriotto et a., 1994ab; Welch et a.,
1994). Few information, on the contrary, is available on
the in vivo interaction of DNA-binding drugs with specific
tissues and selected genes. This information is of great
interest, as segquence-selective binding of DNA-binding
drugs might affect the activity of RNA polymerase only in
genes that contain short DNA sequences preferentially
recognized by the compounds (Gambari and Nastruzzi,
1994).

One of the DNA-binding drugs exhibiting sequence
selectivity is CC-1065, a potent antitumor antibiotic pro-
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Gene

ER gene (5' genomic region)

Ha-ras-1 oncogene

FMR-1 gene

PCR product

CACGCATCATATACTICACC
TCTATATATATATATATATATATATATATATATATAT

ATATATATATATATATACACATATATGTGTGTGTGTAT
GTGCGTGTGCATGTTTAACTTTTAATITCAGTTAAAAACT
TITTTCTATTTGTTTTTCATCIGGATATT TCATICIGC

AGACGTCCCTG T IGGACATCCTGGATACCGOCGGCCA
GGAGGAGTACAGCGCATGCOGGACCAGTACATGCC

bp (A+TH(G+C)
CCTATTTTTTGTCTCCTTAATA 182 3.46

72 0.6

206 0.46

GACGGAGGUGACCGIGOCAGG GG TG CAGCGEGHCG
[eeTesTeireiteseeitesceeceiccscesccsccaceed
[eseeeccscceceireserscrecesececesccsccsceod
GCIGGGOCTUGAGOGOUUGCAGOOCACCTCTOGGGGGAGGGE
TAOUGGAGCTAGCAGGGCTGAAGAGAAGATGGAGGA

Fig. 1. Nucleotide sequences of PCR primers (underlined) and PCR products; in the right column the (A + T) /(G + C) ratios are also shown.

duced by Streptomyces zelensis, able to bind to DNA
through N3 of adenine (Hurley et al., 1988; Aristoff,
1993). This minor groove binder constitutes three repeat-
ing pyrrolindole subunits, one of which contains a reactive
cyclopropy! function. CC-1065 is known to inhibit tran-
scription factor 1D binding to target DNA sequences
(Welch et al., 1994), similarly to other minor groove
binders, including distamycin and berenil (Feriotto et al.,
1994a; Welch et al., 1994).

In this paper we analyze the in vitro effects of the
CC-1065 analogue 2-[[5-[(1H-indol-2-ylcarbonyl)-1H-in-
dol-2-yl]carbonyl]-7-methyl-1,2,8,8 a-tetrahydrocyclopropa-
[c]-pyrrolo-[3,2-e]-indol-4-one  (U-71184) (Warpehoski,
1986) employing a recently described polymerase-chain
reaction (PCR) approach (Passadore et a., 1994, 1995). In
addition, we determined whether ateration of PCR by
U-71184 is detected when DNA is isolated from cells
cultured in the presence of this drug. U-71184 appears to
be a very interesting antitumor compound, being 10-fold
more potent than CC-1065 in the inhibition of L210
leukemia cell growth (Hurley et al., 1988). Studies on in
vivo activity of U-71184 against P388 leukemia demon-
strate that this compound produces multiple long-term
survivors. By contrast, CC-1065 causes in the same model
system a 67% decrease in life span (Hurley et a., 1988;
Warpehoski et al., 1992; Aristoff, 1993).

In the experiments reported in the present paper we
employed as molecular model systems the human estrogen
receptor gene (Green et al., 1986; Piva et al., 1992), the
Ha-ras oncogene (Santos et al., 1982) and the chromosome
X-linked, (CGG)-rich, fragile X mental retardation-1 gene
(FMR-1) (Erster et a., 1992) for a number of endpoints.
We have published the nucleotide sequence of a 3.2 kb
genomic region located upstream of the estrogen receptor
sequence originally designated exon 1 (Piva et al., 1992;

Piva and Del Senno, 1993) and demonstrated that this
region contains A + T-rich sequences recognized by dis-
tamycin (Del Senno et a., 1992) and, presumably, by
U-71184 (Hurley et al., 1988; Aristoff, 1993). Both Ha-ras
and FMR-1 genomic sequences, on the other hand, are
G + Crich and therefore could interact with low efficiency
with U-71184.

2. Materials and methods
2.1. Drugs and enzymes

U-71184 (lot No. 18772-PDJ-104) was obtained from
the Upjohn Company (Kalamazoo, M1, USA). Distamycin

and chromomycin were from Sigma (st. Louis, MO, USA).
Stock solutions of U-71184 (45.2 mM), distamycin (9.6

CC-1065
N ~ / \E—NH,
" \g / | 6 NH OH
U-71184

NH\C

Fig. 2. Chemical structure of CC-1065 and U-71184.



M. Passadore et al. / European Journal of Pharmacology 319 (1997) 317-325 319

mM) and chromomycin (0.84 mM) were stored at —20°C
in the dark and diluted immediately before use.

2.2. Cell culture conditions

The MCF7 human breast cancer cell line (Piva et al.,
1993) was cultured in MEM «-medium supplemented with

A

U71184
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10% fetal calf serum (Gibco, Gaithersburg, MD, USA), in
5% CO, humidified atmosphere.

2.3. Target DNA, oligonucleotide primers and PCR

The sequences of the primers used for PCR (Saiki et al.,
1988) are reported in Fig. 1. Tag DNA polymerase (Per-
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Fig. 3. (A) Effects of U-71184 on PCR-mediated amplification of estrogen receptor (Ieft) and Ha-ras (right) sequences. (B) Effects of U-71184 and
distamycin on PCR-mediated amplification of estrogen receptor sequences. PCRs were performed in the absence (C) or in the presence of the indicated
(0.01-100 M) concentrations of U-71184. Target DNA was 50 ng of PCR products obtained by amplification of plasmid pBLCAT8ERCAT1 (containing
estrogen receptor sequences) (Green et al., 1986) and 0.5 ng of FHO6T1-1 cell DNA (containing multiple copies of the human Haras oncogene)
(Spandidos and Wilkie, 1984). M = molecular weight marker (Haelll-restricted pBR322 plasmid DNA). Estrogen receptor and Ha-ras PCR products are

indicated by arrows.
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kin-Elmer Cetus, Norwalk, CT, USA) was added at 2.5
U /25 .l final concentration. The nucleotide sequence of a
3.2 kb genomic region located upstream of the estrogen
receptor sequence originaly designated exon 1 was inves-
tigated and described in our laboratory (Piva et a., 1992;
Piva and Del Senno, 1993). This region contains se-
quences, presumably targets of U-71184 (Del Senno et 4.,
1992; Piva et a., 1993). For the amplification of the 5
region of the human estrogen receptor gene the target
DNA was either the pBLCAT8ERCAT1 plasmid (Green et
al., 1986) or human genomic DNA.

The amplification primers for codon 61 regions of the
Haras oncogene were from the ras PointPrimers kit
(Oncogene Sciences, Uniondale, NY, USA). For the am-
plification of the Haras oncogene, the target DNA was
from the Chinese hamster FH06T1-1 cell line (Spandidos
and Wilkie, 1984), carrying multiple copies of the human
Ha-ras oncogene in their genome.

After PCR-mediated amplification of the (CGG)-rich
region of the X-linked FMR-1 gene the specificity of the
PCR products was demonstrated by Southern blotting and
hybridization with the internal **P-labeled probe (CGG)s
(Erster et al., 1992).

The effects of DNA-binding drugs were analyzed after
incubating target DNA at room temperature, for 5 min,
with increasing amounts of the compounds, as reported in
the text, followed by PCR. Amplified DNA was analyzed
by electrophoresis on 2.5% agarose, in TAE (0.04 M
Tris-acetate, 0.001 M EDTA) and 0.5 pg/ml ethidium
bromide. Conditions of Haras PCR were: denaturation,
92°C, 45 s; annealing, 62°C, 45 s; elongation, 72°C, 30 s
(32 cycles); conditions of estrogen receptor PCR were:
denaturation, 92°C, 45 s, annealing, 55°C, 1 min; elonga-
tion, 72°C, 1 min (32 cycles). Conditions of FMR-1 PCR
were: denaturation, 94°C, 1 min; annealing, 65°C, 1 min;
elongation, 72°C, 1.5 min (32 cycles).

u711841

oo 10 & oul

3. Reaults

3.1. Effects of U-71184 on amplification of the ER 5
region by PCR

In Fig. 1 the PCR primers used to amplify the estrogen
receptor, the Ha-ras and the FMR-1 genomic sequences are
indicated, together with the nucleotide sequence of the
PCR products obtained. As it is evident by comparing the
nucleotide sequences reported in Fig. 1, only the estrogen
receptor PCR product contains A + T-rich sequences pre-
sumably recognized by U-71184. Accordingly, Fig. 1
shows that the A + T /G + C ratios are sharply different in
the estrogen receptor, Ha-ras, and FMR-1 PCR products.
The A + T /G + Cratio of the estrogen receptor product is
3.46, whilethe A + T /G + C ratios of Ha-ras-1 and FMR-
1 PCR products are 0.6 and 0.46, respectively. In Fig. 2
the chemical structures of CC-1065 and its analogue U-
71184 are shown.

Fig. 3A (left panel) shows that U-71184 inhibits the
PCR when the estrogen receptor specific primers are used.
This experiment was performed using an estrogen receptor
PCR product as target DNA (50 ng/PCR). By contrast,
the right panel of Fig. 3A shows that no inhibition by
U-71184 was obtained when Ha-ras PCR was performed.
Fig. 3B shows a comparison of the activity of U-71184
and distamycin on PCR-mediated amplification of estrogen
receptor sequences. The results obtained show that both
U-71184 and distamycin inhibit estrogen receptor PCR,
while at different levels, with U-71184 being more active
than distamycin. Fifty percent inhibition of the generation
of estrogen receptor PCR products is achieved with 0.5
wM distamycin and 0.25 wM U-71184, respectively. No
inhibition of estrogen receptor PCR was obtained even in
the presence of 50 wM mithramycin and chromomycin
(data not shown and Passadore et al., 1994). Interestingly,

U71184
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Fig. 4. Effects of U-71184 on PCR-mediated amplification of estrogen receptor (left panel) and Ha-ras gene (right panel) sequences performed on 0.5 g
of target human genomic DNA. PCRs were performed in the absence (C) or in the presence of the indicated (0.1-100 wM) concentrations of U-71184.

M = molecular weight marker (Haelll-restricted pBR322 plasmid DNA).
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mithramycin and chromomycin are known to bind to GC-
rich sequences (Van Dyke and Dervan, 1983; Ray et al.,
1989; Snyder et al., 1991). Accordingly, both mithramycin
and chromomycin inhibit Ha-ras PCR (Passadore et al.,
1994 and data not shown).

3.2. Effects of U-71184 on PCR performed with human
genomic DNA

Fig. 4 shows that inhibition of estrogen receptor PCR
by U-71184 occurs also when human genomic DNA is
employed as target DNA. In agreement with a sequence-
selective effect of U-71184 and with the results presented
in Fig. 3, U-71184 at 2 wM concentration is effective in

A U71184

19 1 02

inhibiting estrogen receptor PCR (Fig. 4, left side of the
panel). U-71184 does not affect PCR-mediated amplifica
tion of genomic regions containing GC-rich sequences,
such as the Haras oncogene (Fig. 4, right side of the
panel). The lack of PCR-mediated amplification of Ha-ras
gene sequences when genomic DNA is treated with 100
wM U-71184 is due to a degradation of genomic DNA, as
clearly evidenced by looking at the ethidium bromide
staining of the agarose gel (Fig. 4, right side of the panel).

3.3. PCR on DNA from U-71184-treated MCF7 cells

An obvious application of the PCR approach to study
drug/DNA interactions is related to in vivo studies that

U71184
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Fig. 5. (A) In vivo effects of U-71184. MCF7 breast cancer cells were cultured for 24 h in the absence (C) or in the presence of the indicated
concentrations (0.2, 1 and 10 wM) of U-71184. Cells were collected, lysed as described in Section 2, DNA was isolated and 0.5 g was added to PCR
mixtures. The estrogen receptor specific and Ha-ras specific PCR products are indicated by arrows. (B) Effects of the addition 0.5 g of human genomic
DNA or 50 ng of estrogen receptor PCR products (as indicated) to PCR mixtures performed with 0.5 g of genomic DNA from MCF7 cells treated with
the indicated concentration of U-71184. No DNA from U-71184 treated MCF7 cells was present in the reaction mixture analyzed in the first lane of the left
panel and in the ‘d lanes of the right panel; in the ‘b’ lanes DNA from MCF7 cells treated with 10 wM U-71184 was added. M = molecular weight

marker (Haelll-restricted pBR322 plasmid DNA).
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can be carried out to determine, for instance, whether
U-71184 bhinds to the 5 upstream region of the estrogen
receptor gene of intact cells in a dose-dependent manner.
This is a very important point that differentiates this
approach from footprinting and band-shift techniques (Pas-
sadore et al., 1994).

The experiment was carried out as follows: (a2) human
breast cancer MCF7 cells were cultured for 1 day in the
presence of increasing amounts (0.5, 1 and 10 uM) of
U-71184; (b) cells were pelleted, washed three times with
PBS 1 X (phosphate-buffered saline) and DNA was phenol
extracted and isolated; (c) PCR was performed on DNA
from the same number of cells.

Fig. 5A (left panel) shows that specific estrogen recep-
tor PCR products are not detected when genomic DNA
from MCF7 cells treated with 1-10 wM of U-71184 is
used. To confirm our hypothesis, PCR was performed
using the Haras specific PCR primers. The results are
shown in the right panel of Fig. 5A and demonstrate that
PCR products are, in this case, obtained even when the

U71184
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target DNA is isolated from MCF7 cells treated with 10
wM U-71184.

Control experiments demonstrated that the addition of
untreated human genomic DNA or estrogen receptor PCR
products to the PCR mixture containing DNA from U-
71184-treated MCF7 cells leads to a PCR-mediated gener-
ation of estrogen receptor gene products (Fig. 5B), sug-
gesting that the lack of amplification of estrogen receptor
genomic sequences observed from the experiment shown
in Fig. 5A is due to a change of genomic DNA isolated
from U-71184-treated MCF7 cells.

Taken together, these results are compatible with in
vivo binding of U-71184 to the 5 region of the human
estrogen receptor gene.

3.4. Effects of U-71184 on PCR-mediated amplification of
FMR-1 CG-rich gene sequences

Fig. 6 shows that inhibition of FMR-1 PCR by U-71184
is not detected when human genomic DNA is used (A).

B
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Fig. 6. Effects of U-71184 (A, D), distamycin (B) and chromomycin (C) on PCR-mediated amplification of FMR-1 gene sequences. Target DNA was 0.5
wg of human genomic DNA (A—C) or DNA isolated from MCF7 cells treated with the indicated concentrations (0.2, 1 and 10 wM) of U-71184. After
24-h treatment, MCF7 cells were collected, lysed as described in Section 2, DNA was isolated and added to PCR mixtures. Following PCR-mediated
amplification, PCR products were Southern blotted and hybridized to an internal (CGG)s %2p.|abeled probe, as described in Section 2. The FMR-1 specific

hybridization signals are arrowed.
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Accordingly, also distamycin was found to be non-effec-
tive (B), while, as expected, chromomycin inhibits FMR-1
PCR amplification, in agreement with a selectivity of this
compound for CG-rich genomic sequences. In this experi-
ment, PCR products were Southern blotted and hybridized
with a ¥P-labeled (CGG), internal probe. The results
shown in Fig. 6D demonstrate that FMR-1 PCR products
are obtained even when the target DNA was isolated from
MCF7 cells treated with 10 .M U-71184.

4. Discussion

A number of recent reports suggest that some antiviral
and antitumor drugs could act through sequence-selective
interactions with DNA, leading to alteration of
DNA /nuclear protein complexes (reviewed in Dervan,
1986; Gambari and Nastruzzi, 1994). For instance, we
(Gambari et al., 1991; Feriotto et al., 1994ab, 1995;
Gambari and Nastruzzi, 1994) and others (Broggini et a.,
1989; Dorn et al., 1992; Chiang et al., 1994; Welch et al.,
1994) have recently reported that distamycin is a strong
inhibitor of the interaction between a variety of DNA-bind-
ing proteins (such as the transcription factor 11D, the
human TATA-box binding protein, the Epstein-Barr virus
nuclear antigen 1, the Octamer binding protein I, the
nuclear factor erythroid I, the nuclear factor Y, Antenna-
pedia and fushi-tarazu homeodomains) and target DNA
sequences. By contrast, distamycin does not inhibit the
interactions between target DNA sequences and jun/fos,
the transcription specific factor 1, EGR1 (early growth
response gene-1) and WT1 (Wilms tumor suppressor gene-
1) (Welch et al., 1994; Feriotto et al., 1994a).

The main issue of the present communication was to
verify whether PCR technology could be applied to com-
pare in vitro to in vivo effects of DNA alkylating drugs,
such as CC-1065 analogues. The interest on CC-1065,
from the pharmacological point of view, is that this com-
pound is, up to now, one of the most potent inhibitors of in
vitro tumor cell growth, being its activity at least 100 times
higher than that exhibited by doxorubicin (Hurley et al.,
1988; Aristoff, 1993). This compound appears to retain
sequence selectivity, causing DNA akylation after cova
lent binding to N3 of adenine in the minor groove of DNA.
Analysis of the DNA sequences flanking the covalent
binding site of CC-1065 suggests that this drug selectively
interacts with the consensus sequence N-N-A /T-A /T-A-
N-N (underlined is the bound adenine) (Hurley et al.,
1988, 1990).

However, a drawback in the use of CC-1065 as antitu-
mor drug in vivo is its high hepatotoxicity, leading to
delayed death in mice treated with therapeutic doses
(Warpehoski et al., 1992; Aristoff, 1993). This finding, on
the one hand, precluded the clinical use of CC-1065, but
on the other hand stimulated investigations to prepare

CC-1065 analogues retaining similar or even higher activ-
ity without the side effects of CC-1065.

With respect to this issue, of great interest is the
development of rapid protocols for the identification of
DNA-binding drugs exhibiting sequence selectivity in DNA
recognition. Among the molecular biology approaches so
far proposed, our group has recently demonstrated that
PCR could be considered as a fast, non-radioactive method
to determine sequence selectivity in drug/DNA recogni-
tion (Passadore et al., 1994). This protocol could provide
information on the activity of DNA-binding drugs both in
vitro and in vivo, expecialy if drug/DNA adducts are
expected to be generated. In our experiments we used the
CC-1065 analogue U-71184. This compound was selected
because its efficacy against a broad spectrum of mouse
tumor models, as well as human tumor xenograft (Warpe-
hoski et al., 1992; Aristoff, 1993; Mohamadi et a., 1994).
It should be pointed out that no significant problem was
identified in studies performed to search for any evidence
of delayed or irreversible toxicity at therapeutic doses
(Aristoff, 1993).

The first conclusion that can be drawn from the experi-
ments reported in our paper is that U-71184 inhibits PCR
in a sequence-dependent manner. This is clearly shown by
the finding that PCR is inhibited by U-71184 only when
the reaction is performed with primers amplifying the
estrogen receptor region, but is not active in inhibiting the
PCR-mediated amplification of the Haras and FMR-1
genomic sequences (Figs. 3 and 6). In addition sequence-
arrested experiments suggest that U-71184 binds to se-
lected nucleotide segquences (data not shown). Accord-
ingly, nucleotide sequences demonstrated by other groups
to be recognized by U-71184 are present in the PCR-gen-
erated estrogen receptor fragment, such as ATAA, AATT,
TTTA (Hurley et al., 1988, 1990; Aristoff, 1993). The
same nucleotide sequences are not present within Harras
and FMR-1 PCR products (see Fig. 1).

As expected, the effects of U-71184 on PCR were
found to be (i) similar to another A-T specific DNA
binding drug, distamycin (Figs. 3 and 6) and (ii) sharply
different from chromomycin, which recognizes G-C rich
DNA sequences (Van Dyke and Dervan, 1983; Gao and
Patel, 1989). Distamycin and chromomycin were selected
as control DNA-binding drugs, since they have been well
characterized by our group with respect to inhibitory ef-
fects on PCR (Passadore et al., 1994, 1995).

A second conclusion of the experiments reported in the
present paper is that PCR performed on DNA from U-
71184 treated cells is inhibited when the primers amplify-
ing the ER region are used (Fig. 5). This approach might
bring important information on both in vivo uptake of the
drug by target cells and binding to DNA. This is a major
point for pharmacological studies of DNA-binding drugs
administered either to cellsin culture or, more importantly,
to experimental animals. In this respect, PCR can be used
to determine whether U-71184 binds to genomic DNA of
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cells belonging to selected tissues following in vivo admin-
istration.

Acknowledgements

Work supported by AIRC, CNR PF ACRO and Istituto
Superiore di Sanita (AIDS 1991-1993). Partially supported
by Telethon (Grant E.58). We thank Upjohn for providing
U-71184. G.F. and M.P. are recipient of ISS-AIDS (G.F.)
and AIRC (M.P.) fellowships.

References

Aristoff, P.A., 1993, CC-1065 analogs. sequence specific DNA akylating
antitumor agents, Adv. Med. Chem. 2, 67.

Berg, O.G. and P.H. Von Hippel, 1988, Selection of DNA bhinding sites
by regulatory proteins, Trends Biochem. Sci. 13, 207.

Broggini, M., M. Ponti, S. Ottolenghi, M. D’Incalci, N. Mongelli and R.
Mantovani, 1989, Distamycins inhibit the binding of OTF-1 and
NFE-1 transfactors to their conserved DNA elements, Nucleic Acids
Res. 17, 1051.

Chiang, S, Y. Welch, F.J. Rauscher 111 and T.A. Beerman, 1994, Effects
of minor groove binding drugs on the interactions of TATA box
binding protein and TFIIA with DNA, Biochemistry 33, 7033.

Churchill, M.E.A., JJ. Hayes and T.D. Tullius, 1990, Detection of drug
binding to DNA by hydroxyl radical footprinting. Relationship of
distamycin binding sites to DNA structure and positioned nucleo-
somes of 5S RNA genes of Xenopus, Biochemistry 29, 6043.

Del Senno, L., G.L. Aguiari and R. Piva, 1992, Dinuclectide repeat
polymorphism in the human estrogen receptor (ER) gene, Hum. Mol.
Genet. 1, 354.

Dervan, P.B., 1986, Design of sequence-specific DNA binding molecules,
Science 232, 464.

Dorn, A., M. Affolter, M. Muller, W.J. Gehring and W. Leupin, 1992,
Distamycin-induced inhibition of homeodomain-DNA complexes,
EMBO J. 11, 279.

Erster, S.H., W.T. Brown, P. Goonewardena, C.S. Dobkin, E.C. Jenkins
and R.G. Pergolizzi, 1992, Polymerase-chain reaction analysis of
fragile X mutations, Hum. Gen. 80, 55.

Faisst, S. and S. Meyer, 1992, Compilation of vertebrate-encoded tran-
scription factors, Nucleic Acids Res. 20, 3.

Feriotto, G., C. Mischiati and R. Gambari, 1994a, Sequence-specific
recognition of the HIV-1 long terminal repeat by distamycin: a DNase
| footprinting study, Biochem. J. 299, 451.

Feriotto, G., A. Ciucci, C. Mischiati F. Animati, P. Lombardi, P. Giaco-
mini, F. Arcamone and R. Gambari, 1994b, Binding of Epstein-Barr
virus nuclear antigen 1 to DNA: inhibition by distamycin and two
novel distamycin analogues, Eur. J. Pharmacol. 267, 143.

Feriotto, G., C. Mischiati, N. Bianchi, M. Passadore and R. Gambari,
1995, Binding of distamycin and chromomycin to human immunode-
ficiency type 1 virus DNA: a non-radioactive automated footprinting
study, Eur. J. Pharmacol. 290, 85.

Fox, K.R., C.E. Sansom and M.F.G. Stevens, 1990, Footprinting studies
on the sequence-selective binding of pentamidine to DNA, FEBS
Lett. 266, 150.

Gambari, R. and C. Nastruzzi, 1994, DNA-binding activity and biological
effects of aromatic polyamidines, Biochem. Pharmacol. 47, 599.

Gambari, R., R. Barbieri, C. Nastruzzi, V. Chiorboli, G. Feriotto, P.G.
Natali, P. Giacomini and F. Arcamone, 1991, Distamycin inhibits the
binding of a nuclear factor to the — 278/ — 256 upstream sequence of
the human HLA-DRa gene, Biochem. Pharmacol. 41, 495.

Gao, X. and D.J. Patel, 1989, Solution structure of the chromomycin-DNA
complex, Biochemistry 28, 751.

Gaynor, G., 1992, Cellular transcription factors involved in the regulation
of HIV-1 gene expression, AIDS 6, 347.

Green, S., P. Walter, V. Kumar, A. Krust, JM. Bornert, P. Argos and P.
Chambon, 1986, Human oestrogen receptor cDNA: sequence, expres-
sion and homology to v-erb-A, Nature 320, 134.

Hurley, L.H., C. Lee, J.P. McGovren, M.A. Warpehosky, M.A. Mitchell,
R.C. Kelly and P.A. Aristoff, 1988, Molecular basis for sequence-
specific DNA alkylation by CC-1065, Biochemistry 27, 3886.

Hurley, L.H., M.A. Warpehoski, C-S. Lee, J.P. McGovren, T.A. Scahill,
R.C. Kely, M.A. Mitchell, N.A. Wicnienski, |. Geebhard, P.D.
Johnson and V.S. Bradford, 1990, Sequence specificity of DNA
alkylation by the unnatural enantiomer of CC-1065 and its synthetic
analogues, J. Am. Chem. Soc. 112, 4633.

Laughton, C.A., T.C. Jenkins, K.R. Fox and S. Neidle, 1990, Interaction
of berenil with the tyrT DNA sequence studied by footprinting and
molecular modelling. Implications for the design of sequence-specific
DNA recognition agents, Nucleic Acids Res. 18, 4479.

Lewin, B., 1991, Oncogenic conversion by regulatory changes in tran-
scription factors, Cell 64, 303.

Lown, JW., 1988, Lexitropsins: rationale design of DNA sequence
reading agents as novel anticancer agents and potential cellular probes,
Anti-Cancer Drug Design 3, 25.

Mitchell, P.J. and R. Tjian, 1989, Transcriptional regulation in mam-
malian cells by sequence-specific DNA binding proteins, Science 245,
371

Mohamadi, F., M.M. Spees, G.S. Staten, P. Marder, JK. Kipkaand D.A.
Johnson, 1994, Total synthesis and biological properties of novel
antineoplastic (chloromethyl)furancindolines: an asymmetric hydrobo-
ration mediated synthesis of the akylation subunits, J. Med. Chem.
37, 232.

Passadore, M., G. Feriotto, N. Bianchi, G.L. Aguiari, C. Mischiati, R.
Piva and R. Gambari, 1994, Polymerase-chain reaction as a tool for
investigations on sequence-selectivity of DNA-drugs interactions, J.
Biochem. Biophys. Methods 29, 307.

Passadore, M., N. Bianchi, G. Feriotto, C. Mischiati, P. Giacomini, R.
Piva and R. Gambari, 1995, Differential effects of distamycin ana-
logues on amplification of human gene sequences by polymerase-chain
reaction, Biochem. J. 308, 513.

Piva, R. and L. Del Senno, 1993, Analysis of a DNA sequence upstream
of the human estrogen receptor gene, Ann. NY Acad. Sci. 68, 235.
Piva, R., R. Gambari, F. Zorzato, L. Kumar and L. Del Senno, 1992,
Analysis of upstream sequences of the human estrogen receptor gene,

Biochem. Biophys. Res. Commun. 183, 996.

Piva, R., N. Bianchi, G.L. Aguiari, R. Gambari and L. Del Senno, 1993,
Sequencing of an RNA transcript of the human estrogen receptor
gene: evidence for a new transcriptiona event, J. Steroid Biochem.
Mol. Biol. 46, 531.

Portugal, J. and M.J. Waring, 1987, Hydroxy radical footprinting of the
sequence-selective binding of netropsin and distamycin to DNA,
FEBS Lett. 225, 195.

Ray, R., R.C. Snyder, S. Thomas, C.A. Koller and D.M. Miller, 1989,
Mithramycin blocks protein binding and function of the SV40 early
promoter, J. Clin. Invest. 83, 2003.

Saiki, R.K., D.H. Gelfand, S. Stoffel, S.J. Scharf, R. Higuchi, G.T. Horn,
K.B. Mullis and H.A. Erlich, 1988, Primer-directed enzymatic
amplification of DNA with a thermostable DNA polymerase, Science
239, 487.

Santos, E., SR. Tronick, SA. Aaranson, S. Pulciani and M. Barbacid,
1982, T24 human bladder carcinoma oncogene is an activated form of
the normal human homologue of BALB- and Harvey-M SV transform-
ing genes, Nature 298, 343.

Snyder, R.C., R. Ray, S. Blume and D.M. Miller, 1991, Mithramycin
blocks transcriptional initiation of the c-myc P1 and P2 promoters,
Biochemistry 30, 4290.

Spandidos, D.A. and N.M. Wilkie, 1984, Malignant transformation of



M. Passadore et al. / European Journal of Pharmacology 319 (1997) 317-325 325

early passage rodent cells by a single mutated human oncogene,
Nature 310, 469.

Van Dyke, W.W. and P.B. Dervan, 1983, Chromomycin, mithramycin
and olivomycin binding sites on heterogeneous deoxyribonucleic acid.
Footprinting with (methidiumpropyl-EDTA)iron(I1), Biochemistry 22,
2373.

Warpehoski, M.A., 1986, Total synthesis of U-71184. A potent new
antitumor agent modeled on CC-1065, Tetrahedron Lett. 27, 4103.

Warpehoski, M.A., D.E. Harper, M.A. Mitchell and T.J. Monroe, 1992,
Reversibility of the covalent reaction of CC-1065 and anal ogues with
DNA, Biochemistry 31, 2502.

Welch, J.J., F.J. Rausher |1l and T.A. Beerman, 1994, Targeting DNA-bi-
nding drugs to sequence-specific transcription factor DNA complexes,
J. Biol. Chem. 269, 31051.

White, R.J. and D.R. Phillips, 1989, Bidirectional transcription footprint-
ing of DNA binding ligands, Biochemistry 28, 6259.



