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The Relevance of Drug DNA 
Sequence Specificity to Anti-tumour 

Activity 

S. Neidle, M.S. Puwada and D.E. Thwston 

IT IS well-established that many clinically useful anti-tumour 
agents act at the DNA level [ 11. The intercalators form “cleavable 
complexes” involving DNA topisomerase II, and alkylators, 
such as c&platinum or the mustards, produce covalent cross- 
links in DNA. Few of these classic drugs have significant 
sequence specificity that extends beyond two to three base pairs 
(although several mustards react preferentially with runs of GC 
base pairs which, it is suggested [2], may relate to their anti- 
tumour effectiveness in tumours such as Burkitt’s lymphoma 
with long GC stretches in the associated Epstein-Barr viral 
sequences). The drug-induced cleavage of DNA by topoisomer- 
ase II does show site selectivity that depends on the nature of the 
drug, but this only involves bases in the immediacy of a cleavage 
site [3]. Many DNA binding agents tend to have general 
cytotoxic properties, and selectivity is generally in favour of 
rapidly growing tumour cells, rather than discriminating against 
any fundamental differences between normal and tumour cells. 
The identification of human genes that are responsible for 
transforming activity (oncogenes) [4] has prompted studies in 
many laboratories aimed at discovering potential new drugs that 
are capable of specifically inhibiting the expression of particular 
oncogene proteins, thereby being specific for tumour cells that 
depend on such oncoproteins for their viability, and therefore 
lacking general cytotoxic properties. Much current activity is 
focused on antisense and antigene oligonucleotides targeted 
against mRNA and genomic DNA, respectively, which, in in 
vitro experiments, have been shown to act as specific inhibitors 
of translation and transcription for genes such as c-myc, bcl-2 
and c-Ha-rus [5, 61. However, oligonucleotides as drugs have 
numerous scientific, technological and economic problems 
associated with them. Concomitant with this has been the 
development in a number of laboratories, including our own, of 
natural and synthetic lower molecular weight molecules that 
are also capable of recognising specific double-stranded DNA 
sequences, yet have considerable potential stability, synthetic, 
pharmacokinetic and economic advantages compared to natural 
and modified oligonucleotides (see, for example [7-91). As yet, 
such compounds are only capable of recognising short (six 
to eight base pairs maximum) lengths of DNA; a length of 
approximately IS-16 consecutive base pairs has been considered 
to constitute a unique site on the human genome, on a statistically 
random bias [lo]. 
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We have recently designed a novel series of his-DC-81 (an 
anthramycin analogue) interstrand DNA cross-linking agents, 
some of which possess extraordinarily high cytotoxicity in L 12 10 
and other cell lines [ll, 121. The cytotoxic activity of the most 
active compound, “DSB-120”, is also highly selective within a 
panel of ovarian cell lines (Kelland L, personal communication). 
We have been concerned to know whether this activity is related 
to the DNA sequence specificity of DSB-120, which is selective 
for sequences of the type S’-(PulPy)GATC(PyiPu). We are also 
interested in the wider question of whether and how the anti- 
tumour activity of sequence-selective compounds in general is 
related to the actual genomic DNA sequences involved. It has 
been firmly established that the DNA cross-linking ability of 
these agents correlates with cytotoxicity and anti-tumour activity 
[L?]. The repairability of cross-linked adducts from groove- 
binding agents may also play a role. 

A priori, the four sequences 5’-(PuPy)GATC(PyiPu) being 
short, should occur with a high frequency, of about 1 in 500 in 
total [9], assuming a random distribution of sequences. We have 
analysed a representative number of oncogene sequences, from 
the EMBL databank, in order to examine the acrual frequencies 
of the occurrence of these DSB-120 sequences. The total number 
of DNA bases in the sample is 80 138. 

Table 1 shows distributions of occurrence of these four 
sequences, selected from a set of 19 randomly chosen oncogenes 
in the DNAstar database [13]. Several oncogenes (for example, 
V-SK and bcl-3) have higher actual frequencies of occurrence of 
DSB-120 binding sites than predicted on the basis of randomly 
expected sites. Others such as abl, v-abl, bcl-2 and the two rus 
genes are significantly underrepresented, and indeed several of 
them do not have any binding sites at all. We have also examined 
the actual frequency of occurrence of one of these four sequences 
(5’-GCATGC) in the total primate database, of 12497613 bases 
in the EMBL databank. There are 1645 occurrences in total, i.e. 
a 1 in 7597 frequency. This is to be compared with the statistically 
random expected frequency of 1 in 2080, indicating that this 
particular sequence is underrepresented in a much larger sample. 

We have repeated our searches, now with the 12 base pair 
sequence 5’-(Pu)GATC(Py)(Pu)GATC(Py) (one of the four 
possibilities) as a representative example of a longer sequence 
based on this motif, for which it may be possible to synthesise 
longer molecules in the future. Over the 19 oncogene sequences, 
we find only two highly significant non-zero occurrences, one on 
each of two genes. We would expect a random frequency of 
occurrence of approximately 1 in 525 000. Instead, we find a site 
on each of the two genes rufand int-2 (which are 4249 and 11608 
bases long, respectively). 

These preliminary results suggest that DSB-120 will interact 
to a greater extent with some DNA sequences compared to 
others. Since DNA binding of cross-linkers is generally directly 
related to their cytotoxic effects, we therefore suggest that DSB- 
120 will have a proportionally greater effect in those cells that 
are dependent on and strongly expressing particular oncogenes 
rather than others. This in turn may suggest that these agents 
have the potential to show differential effects on tumours that 
have elevated levels of particular oncogenes. Conversely, one 
may not expect compound DSB-120 to have a significant effect 
in, for example, B-cell lymphomas/leukaemias, for which the bcl- 
2 translocation has been implicated, or in chronic myelogenous 
leukaemia where the bcr-ubl translocation is strongly implicated 
[4]. We might expect other sequence-specific agents such as 
CC-1065 and its recently developed analogue carzelesin [14] 
(currently in clinical trial) to show equivalent differential oncog- 
ene selectivity. As the length of DNA sequence being recognised 
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Table 1. Binding site disttibution for DSB-120 in representative oncogeue sequences 

DNAstar Gene 
reference sequence 

No. of bases 
in gene 

fragment 

No. of expected 
sites for DSB-120 
based on a 1:500 

probability” 

Search for Search for 
5’PuGATCPyt 5’PyGATCPut 

No. of sites No. of sites 
found* found$ 

Ratio of sites found 
to those expected 

based on probability$ 

M30444 
X02305 
X01228 
M20408 
Ml6598 
X06691 
K01884 
M20013 
K01043 
X51898 
M36181 
Xl7363 
M31731 
Ml32354 
X07181 
M54968 
Ml9720 
x14445 
X14720 

c-?yc 369 0.74 1 0 1.4 
v-src 399 0.79 2 1 3.8 
Hs-242 458 0.92 0 0 0 
D-en-2-proto 631 1.26 1 1 1.6 
Druf-1 938 1.88 2 0 1.1 
abl 986 1.97 0 0 0 
Blym-1 1004 2.0 0 0 0 
Hum-Burkitts 1222 2.44 2 0 0.8 
dsrc 1343 2.69 2 3 1.9 
bcl-2 1394 2.79 0 0 0 
D-jun 1440 2.88 4 0 1.4 
Ha-rasl 1464 2.93 0 0 0 
bcl-3 2282 4.56 6 1 1.5 
v-abl 2465 4.93 1 1 0.4 
ruf proto 4249 8.5 8 4 1.4 
K-ras 5775 11.55 2 1 0.3 
L-myc 7011 14.0 6 1 0.5 
inf-2-proto 11608 23.2 9 1 0.4 
c-fmF 35100 70.2 46 16 0.9 

*Number of predicted binding sites for DSB-120 on the gene fragments shown based on a probability of 1:500 due to the length of tbe ligand and 
variable base requirements at either end [9]. tSearch for 5’-PuGATCPy and 5’-PuGTACPy, the known DSB-120 binding sites based on NMR and 
modelling studies [lo, 1 I]. *Number of binding sites found on the gene fragment by the DNAstar programme [12]. §Ratio of the total number of 
sites found on the gene fragment by DNAstar to the number predicted by probability (e.g. “over-representation” or “under-representation” of 
binding sites on the-particular gene). Pu = purine, Py = pyrimidine. 

becomes greater with the development of more rationally 
designed compounds, we can look forward to a considerable 
enhancement of such effects, with corresponding possible 
increases in clinically useful therapeutic indices for cancers 

where a particular oncogene is found to be strongly associated 

with a disease. 
This study shows that analysis of DNA sequence-specific 

recognition of real gene sequence targets should not be based 
solely on considerations of the presumed statistically random 
distribution of binding sites. In general, non-random sequence 

distribution is not unexpected-the dinucleotide sequence CpG 
has a well-documented underrepresentation in the human gen- 
ome. Therefore, the actual frequency of occurrence of a particu- 
lar sequence needs to be examined, as we report here. We 
suggest then, that elevated occurrences of sequences selective 
for particular DNA recognising drugs, may confer therapeutic 
advantage. Conversely, reduced or zero occurrence within a 
particular oncogene suggests that such a drug may not be 
effective in tumours where this oncogene is important for tumour 

growth and progression. 
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