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Rational Design of Sequence-specific Oncogene 
Inhibitors Based on Antisense and Antigene 

Oligonucleotides 
Claude HClkne 

Synthetic oligonucleotides can be used to control the expression of specific genes. When targeted to messenger 
RNAs, oligonucleotides inhibit translation (the antisense strategy). Oligonucleotides can also be targeted to 
specific sequences of the DNA double helix where they inhibit transcription (the antigene strategy). Both 
strategies can be applied to control the expression of oncogenes in tumour cells. The mRNAs of several 
oncogenes have been chosen as targets for antisense oligonucleotides (myc, myb, bcl2, abl, ras. ..). Discrimination 
between the proto-oncogene and the oncogene can be achieved in the case of ras oncogenes where activation 
results from point mutations in the coding sequence. Regulatory sequences involved in controlling the transcrip- 
tion of oncogenes can also be used as targets for antigene oligonucleotides (myc, ras). 
EurJ Cancer, Vol. 27, No. 11, pp. 1466-1471, 1991. 

INTRODUCTION 
CELL TRANSFORMATION leading to tumour development is a 
multistep process involving the activation of growth-stimulatory 
pathways (under the control of oncogenes) and the inactivation 
of growth-inhibitory pathways (under the control of tumour- 
suppressor genes). Inhibition of oncogenes and/or stimulation 
of tumour-suppressor genes represent new strategies that should 
lead to a better understanding of the different steps involved in 
tumorigenesis and to the development of new therapeutical 
approaches. 

During the past years, oligonucleotides have been developed 
to selectively modulate gene expression. Two main strategies 
ought to be considered [ 11: in the antisense strategy, the oligonu- 
cleotide is targeted to a specific messenger RNA, thereby 
inhibiting its translation into the corresponding protein; in the 
antigene strategy, a double-stranded DNA sequence is the 
target of the oligonucleotide which is then expected to block 
transcription of the specific gene where the target is located. 
Figure 1 gives a schematic representation of the different steps of 
gene expression where oligonucleotides can exert their biological 
effects. This presentation will not cover antisense RNAs which 
are obtained by transcription of DNA fragments placed in the 
reverse orientation as compared to the gene of interest, nor 
ribozymes, short RNAs that induce catalytic cleavage of their 
target RNAs [ 1, 21. Antisense RNAs can be considered as 
potential tools in gene therapy approaches rather than in chemo- 
therapy. 

Here we will briefly review the basic principles underlying 
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each strategy and then show how they have been applied to the 
inhibition of specific oncogenes in tumour cells. 

THE ANTISENSE STRATEGY 
Antisense mechanisms 

To recognise a specific sequence in a messenger RNA an 
oligonucleotide with a complementary sequence can be syn- 
thesised. The recognition rests on Watson-Crick hydrogen 
bonding interactions between complementary bases. An mRNA 
sequence containing A,U,C,G ribonucleotides is selectively 
bound by an oligodeoxyribonucleotide containing T,A,G,C. 
The first synthetic molecules used as antisense agents were 
oligodeoxyribonucleotides [oligo(dN)] because their chemical 
synthesis was (and still is) much easier than that of their ribo 
analogues. 

The original idea behind the antisense strategy was that 
upon binding to a complementary sequence on a mRNA, the 
oligonucleotide would inhibit translation of the mRNA by 
ribosomes. However, it became clear in the mid 1980s that an 
oligonucleotide bound to the coding sequence of a mRNA would 
not be able to stop the translation machinery once it was launched 
on the mRNA. However, inhibition of translation was observed 
in different systems: in cell-free translation assays; after microin- 
jection in, e.g. Xenopus oocytes; and in cells incubated with 
oligodeoxynucleotides. There are at least two mechanisms by 
which oligodeoxynucleotides inhibit mRNA translation: the 
oligo(dN)-mRNA hybrid is a substrate for an endogenous 
ribonuclease, called RNase H, which recognises DNA-RNA 
hybrids and exclusively cleaves the RNA part; or an oligo(dN) 
bound to the 5’untranslated region of a mRNA can inhibit 
binding or sliding of the 40s ribosomal subunit and/or the 
association of protein factors involved in translation initiation. 

The first mechanism is probably an obligatory pathway for 
the antisense effect when the oligo(dN) is targeted to the coding 
sequence of the mRNA. The second mechanism is superimposed 
on the first one when the oligo(dN) is targeted to the 5’- 
untranslated region of the mRNA. 
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Fig. 1. Summary of the possible sites of sequence-specific action for 
oligonucleotides along the information flow from DNA to protein in 
a eukaryotic cell. Oligonucleotides could interfere: (i) with transcrip 
tion by triple helix formation (1) on sequences containing contiguous 
purines (Pu) on one strand and pyrimidines (Py) on the other strand, 
by hybridisation to the locally opened loop created by RNA poly- 
merase (2) or by hybridisation to nascent RNA (3); (ii) with splicing 
through hybridisation at intron-exon junctions (4); (iii) with the 
turnover of spliced mRNA via e.g. RNAse H-induced cleavage (5); 
or (iv) with translation, through inhibition of the binding of initiation 
factors (6), inhibition of the assembly of ribosomal subunits at the 
start codon (7) or inhibition of polypeptide chain elongation (8) via 
RNase H-induced cleavage of the mRNA. Other processes such 
as capping and polyadenylation, interactions of snRNPs with pre- 
mRNAs in the splicing machinery, recruitment of stored mRNA into 
polysomes and nucleic acid-protein complexes are not illustrated. 

(Reproduced from [l] with permission.) 

Specificity of the antisense effect 
An antisense oligonucleotide should be designed to recognise a 

single mRNA species within the mRNA population of a human 
cell. It has been calculated [3] that its minimum length should be 
between 11 and 15 depending on its base composition: 11 if it 
contains only Gs and Cs, 15 if it contains As and Ts [this difference 
accounts for the higher AT (60%) than GC (40%) content in human 
DNA]. These numbers were calculated with the assumption that 
DNA base pairs are randomly distributed in the 4 X lo9 bp-long 
human genome and that about 0.5% of this genome is transcribed 
as mRNA in a given cell type at a given time. Since 5’CpG3’ 
sequences (but not GpC sequences) are under-represented in the 
human genome (as in all eukaryotes) an oligonucleotide containing 
several CpG dinucleotides has a low probability of finding a target 
complementary sequence in more than one mRNA species (since 
CpGis self-complementary, it will be foundin both the oligonucleo- 
tide and its target sequence). 

In oligo-[a]-deoxynucleotides, the natural [p]-anomers of 
nucleoside units have been changed to their synthetic [a]- 
anomers where the base is located on the same side as the 3’- 
OH with respect to the main sugar plane (as opposed to the 5’- 
OH in the [PI-anomers). Oligo-[cx]-deoxynucleotides do not 
induce RNase H-mediated cleavage of their RNA substrate. 
Consequently they are devoid of any antisense activity when 
targeted to coding sequences but may inhibit translation accord- 
ing to an RNase H-independent mechanism when targeted to 
the 5’untranslated region [4, 10, 111. 

Since RNase H has a strict requirement for p-deoxyribo 
derivatives with phosphodiester or phosphorothioate back- 
bones, it was of interest to determine whether mixed oligonucleo- 
tides would still induce RNase H cleavage. RNase H requires 
only 4-5 base pairs to achieve cleavage of the RNA part of 
an RNA-DNA hybrid. Oligonucleotides containing nuclease 
resistant backbones (phosphoramidites) at both the 5’- and 3’- 
ends and 4-5 phosphodiesters in the centre are still active at 
inducing RNase H-mediated cleavage of their RNA substrate 
while being highly resistant to exonucleases [ 121. 

Antisense oligonucleotides should be chosen as short as poss- All the modifications mentioned above confer resistance to 
ible to achieve a higher specificity under physiological con- nuclease attack and therefore improve oligonucleotide bioavail- 
ditions. This arises because the effect of mismatches on the ability in both biological fluids and intracellular compartments. 
binding energy decreases when the oligonucleotide length However, they do not change appreciably their ability to cross 
increases. Therefore under physiological conditions (37°C ionic cell membranes. 

conditions prevailing inside cell compartments) a shorter oligo- 
nucleotide should yield a higher discrimination between its 
complementary sequence and a sequence with a single base 
change. Of course, the oligonucleotide should have a minimum 
length to avoid its binding to fully complementary sequences 
that would otherwise be found in several mRNA species, and to 
achieve a strong enough binding under physiological conditions 
in order to have an inhibitory effect on the biological function 
(translation). It should be remembered that AU (TA) base pairs 
contribute a smaller binding energy than GC (CC) base pairs. 
Antisense oligonucleotides which have been shown to induce 
specific biological responses have been usually chosen in the 
range of 12-20 nucleotides. Shorter oligonucleotides can be used 
provided their hybrids with mRNAs are stabilised, e.g. by 
covalent attachment of an intercalating agent (see modified 
oligonucleotides, below). 

Oligonucleotide modifications 
Oligonucleotides have been chemically modified to increase 

their nuclease resistance and their uptake by cells in culture. 
Oligophosphorothioates and dithioates still induce RNase H cleav- 
age of an RNA target, as do natural phosphodiester backbones. 
Oligophosphorothioates have been used to inhibit gene expression 
in several in vitro systems and in cell cultures [4--71. They have 
been shown to inhibit HIV development. However there is a non- 
sequence-specific effect of these oligophosphorothioates on acute 
infection which might be due to their binding to the cell surface 
receptor CD4 and viral proteins such as reverse transcriptase and 
gp120 [6]. In contrast, a sequence-specific inhibition is observed 
in chronically infected cells [7] or if the oligophosphorothioates are 
added some time after cell infection. 

Oligomethylphosphonates which are neutral derivatives (no 
negative charge on the phosphates) do not sustain RNase H 
activity on their target mRNA. They are expected to be active 
only when targeted to non-coding sequences. An oligomethyl- 
phosphonate complementary to an exon-intron junction was 
shown to inhibit splicing of immediate-early genes of herpes 
simplex virus (HSVl) [S]. 
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Other modifications have been introduced into oligonucleo- 
tides to improve their antisense efficacy. We early introduced 
intercalating agents as terminal substituents to increase the 
stability of oligonucleotide-mRNA complexes. At the same time 
3’-substitution of the oligonucleotide provided a protection 
against 3’ + 5’ exonucleases which are the most active nucleases 
in plasma and inside cells. In addition, the intercalating agent 
enhanced cell uptake. All these properties make oligo- 
nucleotide-intercalator conjugates interesting substances to 
inhibit mRNA translation. They have been shown to prevent 
the cytopathic effect of influenza virus [ 131 and simian virus 40 
[ 141 on cells in culture. Trypanosomes, the parasites responsible 
for sleeping sickness, were killed by an oligonucleotide- 
intercalator conjugate targeted to the common sequence which 
is present at the 5’-end of all trypanosomal mRNAs [ 151. 

lymphomas where a t( 14;18) translocation generates chimeric 
mRNAs involving a bcn-immunoglobulin fusion [24]. Antisense 
oligonucleotides have been targeted to the abl[25] and bcZ2 [26] 
mRNAs. A recent report describes the selective antisense effect 
of an oligonucleotide targeted to the region involved in fusion 
[27]. This is an interesting potential target since the antisense 
oligonucleotide would be expected to bind the chimeric mRNA 
after translocation but not the individual mRNAs of the two 
genes in cells where the translocation process has not occurred. 

Oligonucleotides can be substituted by hydrophobic groups 
such as cholesterol [16, 171. These derivatives bind to lipopro- 
teins: this binding increases their lifetime in plasma and opens 
the possibility that their cellular uptake occurs via LDL recep- 
tors. 

Thirdly, when transcription is initiated from an aberrant 
promotor without translocation. In many Burkitt lymphomas, 
c-myc transcription starts in the first intron of the normal gene. 
Consequently the mRNA contains sequences which are not 
found in the normal c-myc mRNA. It was recently shown that a 
21-mer antisense oligonucleotide directed against the intron 
sequence was able to inhibit proliferation of tumour cells that 
expressed the abnormal transcript but not cells containing the 
normal transcript [28]. 

Oligonucleotides can also be attached to reagents that can 
induce irreversible reactions in their target sequence [ 1, 18, 191. 
Upon binding to a complementary sequence, the reagent can 
be activated either chemically or photochemically to induce 
reactions such as cleavage of the target sequence or crosslinking 
of the two nucleic acids. A discussion of these different types of 
reactions is beyond the scope of this review [ 1, 18, 191. 

Fourthly, alternatine splicing creates a new mRNA species 
containing sequences which are not found in the original mRNA. 
There is no evidence for this kind of mechanism in proto- 
oncogene activation yet available. If such a mechanism occurred, 
it would provide potential target sites for antisense oligonucleo- 
tides that are selective for the tumour cells. 

Inhibition of oncogene expression 

ONCOGENES AS TARGETS FOR ANTISENSE 
OLIGONUCLEOTIDES 

Oncogenes can be selected as targets for antisense oligonucleo- 
tides. If translation of an oncogene mRNA is blocked, then one 
should expect to alter cell behaviour depending on whether 
the oncogene is involved in cell immortalisation or in cell 
transformation. 

An antisense oligonucleotide targeted to an oncogene mRNA 
can be expected to have selective effects on tumour cell prolifer- 
ation even when the target is also present in normal cells. This 
occurs in many cases of cell transformation where abnormal 
expression of the proto-oncogene is sufficient to deregulate cell 
growth as a result of e.g. gene amplification or enhanced 
transcription (or translation). 

Discrimination between proto-oncogene and activated oncogene 
There are several situations where the activated oncogene can 

be selectively inhibited without any effect (or with weaker 
effects) on the corresponding proto-oncogene. 

Firstly, when activation results from a point mutation. This 
has been documented in the case of the Ha-ras oncogene from 
T24 cells (a bladder carcinoma cell line) where Ha-ras is activated 
by a point mutation on codon 12 [20]. An antisense oligonucleo- 
tide targeted to the mutated sequence induced RNAse H cleav- 
age of the mutated mRNA, whereas a much weaker effect 
was seen on the normal mRNAs. An inhibition of T24 cell 
proliferation was demonstrated. The discrimination between 
mutated and normal sequence is due to the destabilisation of 
the oligonucleotide-mRNA hybrid resulting from a mismatch 
at the point mutation site. Alternatively a ribozyme can be used 
to discriminate a mutant from the normal HA-ras mRNA [21]. 
The mutant RNA which had a GUU codon at position 12 was 
cleaved by the ribozyme whereas the normal RNA which 
contained a GGU codon was not changed. 

The myc oncogenes have received a great deal of attention. 
The human promyelocytic cell line HL 60 has been used as 
a model because it overexpresses c-myc as a result of gene 
amplification and can be induced to differentiate into either 
monocytes or granulocytes by various agents. This differen- 
tiation is associated with a decrease in c-myc protein synthesis. 
A 15-mer antisense oligonucleotide targeted to the first five 
codons of the c-myc mRNA was shown to induce a sequence- 
specific reduction in c-myc expression which was accompanied 
by inhibition of cell proliferation [29, 301 and by granulocytic 
differentiation [31]. By “walking” along the human c-myc 
mRNA with 15-mer oligonucleotides, the highest antisense 
efficacy was obtained when the target was the 5’-cap untranslated 
region [32]. The N-myc oncogene was also inhibited by a 
15-mer antisense oligonucleotide targeted to the translation 
initiation site in a neuroepithelioma cell line [33]. The results 
provided a clear example of the sequence selectivity of the 
antisense effect because the closely related c-myc gene was not 
affected by the anti-N-myc oligonucleotide. The activity of anti- 
myc oligonucleotides is enhanced when they are linked to poly- 
L-lysine and administered to cells in culture internary complexes 
with heparin [ 341. 

Secondly, when activation results from translocation, creating The role of the c-myb gene in a number of cells has been 
a new fusion gene. This occurs, e.g. in chronic myelogenous addressed by using antisense oligonucleotides to reduce c-myb 
leukaemia (CML) where a bcr-abl hybrid gene arising from a protein expression (e.g. in T-cell leukaemias, normal T-cells 
translocation between chromosomes 9 and 22 is responsible and bone marrow progenitors, myleoid leukaemia). A 18-mer 
for cell transformation [22]; in acute promyelocytic leukaemia oligonucleotide targeted to codons 2-7 was shown to inhibit 
(APL) where a t( 15;17) translocation fuses the retinoic acid proliferation of myeloid leukaemia cell lines [35] as well as DNA 
receptor a (RARu) gene to the myE gene, resulting in the synthesis in T-leukaemia cells. The anti-myb oligonucleotide 
synthesis of a myl/RARcl fusion mRNA [23]; and in B-cell was further utilised to investigate early erythroid differentiation 
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Fig. 2. Oligonucleotide targetting to double-stranded DNA. (a) A homopyrimidine oligonucleotide bound to the major groove of double 
helical DNA at a homopurine.homopyrimidine sequence. The oligonucleotide carries a reactive group ( ) that can be used to induce 
irreversible reactions on both strands of the double helix. (b) Triple helix formation involves Hoogsteen hydrogen bonding of thymine and 

protonated cytosine to Watson-Crick A.T and G.C base pairs, respectively. (Reprinted from [I] with permission.) 

[36]. It was shown that c-myb activation is associated with the 
progression of progenitors into the S phase of the cell cycle and 
with an enhanced activity of DNA polymerase a. Normal and 
leukaemic haematopoietic cells manifest differential sensitivity 
to inhibitory effects of c-myb antisense oligodeoxynucleotides 
[37], suggesting that such oligonucleotides could be used as ex 
tivo bone marrow purging agents. 

The rus family of oncogenes has been investigated as a potential 
target for antisense oligonucleotides. In the experiments 
reported in the preceeding paragraph it was shown that an 
antisense oligonucleotide or a ribozyme directed towards a 
region comprising the mutation could discriminate between the 
proto-oncogene and the oncogene [20]. All three ras genes (Ha- 
rm, Ki-rus, N-t-as) are activated by point mutations and therefore 
are amenable to the same strategy. rus mRNA sequences that 
are outside the point mutation have also been used as targets for 
antisense oligonucleotides. The 5’-cap untranslated region of 
the Ha-rus gene appears to be the most efficient target for 
maximum inhibition of p21 synthesis [38]. A 1 1-mer oligo 
methylphosphonate was also shown to inhibit p21 expression in 
3T3 cells transformed by LTR-activated Ha-rus [39]. The targets 
are identical in both the normal and the mutated genes when 
the oligonucleotide does not overlap the mutation; therefore no 
discrimination is expected between the proto-oncogene and the 
oncogene. 

Cellular receptors, cytokines, growth factors, etc. can be 
chosen as targets for antisense oligonucleotides aimed at 
inhibiting celI proliferation. This has been particularly well 
demonstrated when autocrine growth loops are involved. Both 
colony stimulating factor CSF-I[401 and its receptor encoded by 
the c-fms gene [41] can be inhibited by antisense oligonucleotides 
resulting in inhibition of proliferation of autocrine cells [40] or 
differentiation of HL 60 cells induced by phorbol esters [41]. 
Certain human myeloma cell lines are characterised by an IL-6 
autocrine growth loop which can be blocked by an anti-IL-6 
oligonucleotide [42]. The growth of IL-2 and IL-Cdependent 
cell lines can also be selectively inhibited by antisense oligonucle- 
otides [43]. Antisense oligonucleotides targeted to basic fibro- 

blast growth factor (bFGF) inhibit malignant melanoma cell 
proliferation and colony formation in soft agar [44]. 

THE ANTIGENE STRATEGY 
In the antisense approach, the oligonucleotide is targeted to a 

messenger RNA and is thus expected to inhibit translation. 
Viral RNAs can also be used as targets for complementary 
oligonucleotides that will inhibit either replication or viral gene 
expression [45]. More recently it has become clear that DNA 
itself could be the target for oligonucleotides that would inhibit 
the first step of gene expression, namely transcription [46,47]. 
We have called this new approach the “antigene” strategy [ 11. 
The molecular basis for the recognition of a DNA double 
helical sequence by an oligonucleotide is summarised in Fig. 2. 
Thymine and protonated cytosine can form two hydrogen bonds 
with A.T and G.C Watson-Crick base pairs, respectively, 
generating base-triplets T.A x T and C.G x C’ where the dot 
indicates Watson-Crick hydrogen bonding in the base pairs T.A 
and C.G and the cross refers to the so-called Hoogsteen hydrogen 
bonds represented on Fig. 2. Therefore, an oligonucleotide 
containing T and C can recognise a homopurine.homopyrim- 
idine sequence on duplex DNA and form a local triple helix. It 
binds to the major groove of DNA in a parallel orientation 
with respect to the homopurine sequence. Oligonucleotides 
containing G and T or G and A nucleotides can also bind 
to homopurine.homopyrimidine sequences of DNA [48,49]. 
Although the base triplets C.G x G and T.A x T or T.A x A 
are not isomorphous (whereas T.A x T and C.G x C’ are 
isomorphous) G/T and G/A oligonucleotides may form more 
stable triple helices under physiological conditions because 
they do not require base protonation. In contrast, cytosine 
protonation (favoured by low pH) is required to form the 
C.G x C’ base triplet. Replacement of cytosine by S-methylcy- 
tosine allows more stable complexes to be formed at neutral pH. 

In order to recognise a single sequence on double helical DNA 
in human cells, a triple helix-forming oligonucleotide must have 
a minimum length of about 17 bases [3]. Triple helix formation 
by oligonucleotides is strongly stabilised when oligonucleotides 



C. H&ne 

are covalently linked to intercalating agents [50]. Triple-strand 
forming oligonucleotides can also be equipped with substituents 
that can induce irreversible reactions in their target sequence, 
such as crosslinking of the oligonucleotide or cleavage of the 
DNA strands [46, 47, 51, 521. Recently we have shown that 
the two strands of DNA can be crosslinked by a psoralen- 
oligonucleotide conjugate under UV irradiation at the specific 
sequence where the oligonucleotide forms a triple helix [ 531. 

Oligonucleotide-directed triple helix formation inhibits 
association of sequence-specific DNA binding proteins such as 
restriction enzymes or transcription factors [48, 54561. It is 
thus expected that triple helices will interfere with biological 
processes such as transcription and replication. A triple helix- 
forming oligonucleotide does block transcription of the c-myc 
gene because it inhibits binding of a transcription factor to one 
of the regulatory sequences upstream of the transcription start 
site [48]. More recently, oligonucleotide-directed triple helix 
formation was shown to inhibit the synthesis of the mRNA of 
IL-2 receptor subunit (Y in cultured cells [57]. Replication of 
simian virus 40 DNA was reported to be inhibited in CV 1 cells 
treated with an oligonucleotide-intercalator conjugate [ 141. In 
all cases it remains to be demonstrated that the effects observed 
on cells in culture are due to triple helix formation and not to 
binding of the oligonucleotide to other targets. A direct proof of 
triple helix formation in viva might use oligonucleotides carrying 
reactive groups that can be activated to induce an irreversible 
reaction (e.g. crosslinking) at the specific site on DNA where 
the oligonucleotide is bound. 

As discussed above in the case of the antisense strategy, triple 
helix-forming oligonucleotides can be modified to make them 
resistant to nucleases. We have shown that oligo-[a]- 
deoxynucleotides can bind to the DNA double helix at homopu- 
rine.homopyrimidine sequences [46, 58, 591. Substitution of 
the [a]-anomers of nucleotide units to the natural [PI-anomers 
make these oligonucleotides highly resistant to nucleases. 

The development of triple helix-forming oligonucleotides as 
potential tools to control gene expression at the transcriptional 
level is still in its infancy. The only published application dealing 
with oncogene inhibition used the c-myc oncogene as a target in 
vitro [48]. Recent experiments suggest that inhibition also occurs 
in cells treated with a triple helix-forming oligonucleotide [60]. 
The forthcoming years will certainly see a burst in publications 
dealing with the antigene strategy applied to specific cellular 
genes, including oncogenes, as was observed in the mid 1980s 
with the antisense strategy. 

The problems faced by antigene oligonucleotides as far as 
potential therapeutical applications are concerned are similar to 
those raised by antisense oligonucleotides. Both cell uptake and 
intracellular distribution ought to be improved to increase the 
efficacy of oligonucleotides. In the antisense strategy the target 
is either the mRNA in the cytosol or the pre-mRNA in the 
nucleus; in the antigene strategy the DNA target is located 
in the nucleus. Oligonucleotides appear to be taken up by 
endocytosis and therefore a large part of the oligonucleotide 
might be trapped in endocytic vesicles within the cytoplasm 
[61]. Recent experiments have shown that upon microinjection 
in cells, oligonucleotides are rapidly concentrated in the nucleus 
[62]. Therefore, the mode of oligonucleotide delivery is expected 
to play an important role in determining the efficacy of their 
biological effects. There are many steps dealing with pharmaco- 
kinetics, tissue distribution, bioavailability, delivery, systems 
etc. which are being addressed by several laboratories [63]. 
The results presently available provide a rational basis for 

the development of highly selective therapeutical approaches. 
Tumour-specific targets can be identified but it remains to be 
demonstrated whether inhibition of expression of these target 
genes can be achieved in vivo and whether this approach can 
qualify as useful cancer chemotherapy. 
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