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G-quadruplexes: selective DNA targeting 
for cancer therapeutics?
Expert Rev. Clin. Pharmacol. 4(2), 139–142 (2011)

“...G-quadruplex DNA motifs ... occur throughout the human 
genome and are involved in a myriad of biological processes, 

including telomere maintenance, replication and transcription.”

The identification of novel cancer thera-
peutics is an intensive area of research 
that spans interdisciplinary fields that 
includes biologists, chemists and clini-
cians. These fields have recently turned to 
drug discovery for new anticancer thera-
pies designed against specific molecular 
targets. One such target are G-quadruplex 
DNA motifs, which occur throughout 
the human genome and are involved in a 
myriad of biological processes, including 
telomere maintenance, replication and 
transcription. These targets offer poten-
tial opportunities for selective DNA tar-
geting using small molecules that have 
been designed to bind these structures 
with high specificity. We will discuss the 
biology of G-quadruplexes and the poten-
tial use and challenges for these drugs in 
cancer therapy.

Therapeutic intervention for the treat-
ment of cancers often involves combina-
tions of radio- and chemotherapies includ-
ing ionizing radiation and cisplatin, as well 
as replication and topoisomeras inhibitors. 
This stems from the fact that many cancer 

cells have impaired DNA damage detec-
tion and repair pathways [1]. Chemical 
agents have proven to be efficacious in the 
treatment of certain types of cancers [2]. 
Typically, small-molecule drugs, includ-
ing ecteinascidin 743 and actinomycin D, 
promote a discontinuity in the integrity 
of DNA and its immediate environment, 
resulting in growth arrest and cell death. 
In this respect, the association of drugs 
with a propensity to act synergistically in 
cancer cells versus normal tissues holds 
great potential. However, despite tremen-
dous efforts deployed by scientists and cli-
nicians, promising new cancer therapeutics 
are in short supply. The complexity and 
diversity of cellular phenotypes associated 
with various cancers have made this task 
a considerable challenge for cancer biolo-
gists [3]. A poor understanding of the exact 
mode of action of DNA-interacting drugs 
has prevented the elaboration of more 
selective drugs and the development of 
selective chemotherapies. Rather, a more 
accurate knowledge of DNA damage and 
repair machineries has enabled the emer-
gence of novel strategies based on enzyme 
inhibitors of DNA damage proteins, 
including kinases and poly ADP-ribose 
polymerase (PARP) [4].

G-quadruplex nucleic acids have recently 
emerged as potentially relevant clinical 
targets. These elements are nonclassical 
four-stranded secondary structures arising 
from the folding of a single DNA strand 
that comprises stretches of tandem gua-
nines  [5]. These types of sequences have 
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been computationally identified in particular regions of the 
human genome, including promoters and gene bodies, with a 
higher propensity occurring in oncogenes [6–9,101]. These motifs 
are also clustered at telomeres and are highly conserved through-
out evolution, suggesting functional importance for these DNA 
sequences. Despite a number of studies suggesting the biologi-
cal relevance of G-quadruplex DNA, their existence in vivo has 
remained a matter of controversy. Two questions may be formu-
lated independently: do G-quadruplex DNA exist in cells and if 
so, what is their biological significance? And can these motifs be 
selectively targeted by G-quadruplex-binding small molecules to 
modulate their function(s)?

“...the potent antiproliferative properties of this 
molecule at noncytotoxic doses have provided 
additional evidence of the clinical relevance of 

drugs that target G-quadruplex DNA...”

Biological evidence of functional G-quadruplex DNA 
A few significant studies have recently shed light on this subject 
in many biological systems, including humans. G-quadruplex 
structures are present in telomeres and are inhibitory to telom-
erase activity in vitro, although in vivo evidence has been dif-
ficult to obtain [10]. However, in ciliates, the formation of telo-
meric G-quadruplexes have been demonstrated in  vivo using 
a G-quadruplex structure-specific antibody [11]. Cahoon and 
Seifert demonstrated that the human pathogen, Neiseria gonor-
rhoeae, utilizes a 16-nucleotide G-rich sequence that can form 
a G-quadruplex for the initiation of recombination to promote 
antigenic variation of surface structures [12]. The Sale group found 
that in chicken DT40 cells, G-quadruplex DNA was poorly rep-
licated in REV1-deficient cells, a protein important for DNA 
translesion synthesis during replication. Interestingly, silent loci 
in REV1 mutants were derepressed and epigenetic information 
was lost in G-quadruplex DNA regions owing to the inability 
of these cells to properly replicate and regulate histone supply at 
these G-rich sequences [13]. Finally, ATR-X, which is mutated in 
the human syndrome ATR-X characterized by mental retardation, 
binds to G-quadruplex DNA and regulates gene expression of 
key genes. The use of genome-wide deep sequencing allowed for 
the determination of the binding sites of ATR-X, which corre-
lated with long G-repeat DNA that can form G-quadruplexes[14]. 
Taken together, these studies highlight the vast potential for the 
biological functions of G-quadruplexes in vivo.

Clinical relevance of targeting G-quadruplex DNA 
Riou et al. have shown that the natural product telomestatin 
uncaps telomere-binding proteins in human cancer cells, prevent-
ing the elongation of telomeres and resulting in premature chro-
mosome shortening, a process reminiscent of replicative aging. 
These authors proposed a model whereby telomestatin stabilizes 
G-quadruplex structures at telomeres, which in turn prevents the 
recognition, protection and elongation of telomeric sequences 
by telomere-binding proteins responsible for the phenotype 

observed  [15]. Biroccio et al. showed that the pentacyclic acri-
dinium derivative RHPS4 (3,11-difluoro-6,8,13-trimethyl-8H-
quino[4,3,2-kl]acridinium methosulfate) interferes with the rep-
lication of telomeres, promoting the activation of a DNA-damage 
response and aberrant chromosome segregation due to dysfunc-
tional telomeres  [16]. Similarly, the authors have proposed that 
RHPS4 selectively targets telomeric G-quadruplexs during the 
S-phase to impede replication fork progression through telomeres 
in human cancer cells. The recruitment and activation of the sin-
gle-strand break protein PARP1 by uncapped telomeres implicates 
PARP1 in the repair of targeted telomeres [17]. The association of 
RHPS4 and a PARP1 inhibitor, the latter currently in clinical tri-
als, was shown to act de concert in the treatment of human colorec-
tal adenocarcinoma mice xenografts, demonstrating the clinical 
relevance of a telomeric G-quadruplex-based therapy. Recently, 
the drug quarfloxin entered Phase II clinical trials for the treat-
ment of carcinoid/neuroendocrine tumors [18]. In this study, the 
authors suggested that quarfloxin accumulates in the nucleolus 
and selectively binds to rDNA-containing G-quadruplexes. As 
a result, a redistribution of the G-quadruplex-binding protein 
nucleolin was observed that correlated with a decrease in RNA 
Pol I transcriptional activity, which is required for rRNA synthesis 
and ribosome biogenesis. Ribosomal RNA synthesis is critical for 
tumor growth and these results suggest that these defects explain 
the anti-tumor activity of the drug that was observed in a murine 
xenograft cancer model. In other work, Hurley and Brooks have 
proposed an alternative mechanism by which the redistribution 
of nucleolin in the nucleus would facilitate the folding of another 
G-quadruplex element in the promoter region of the MYC onco-
gene. These authors reported a repression of MYC by 85% in 
tissues obtained from a HCT-116 colorectal mouse xenograft, 
which was in agreement with the proposed model [19]. Thus, a 
G-quadruplex element could act as a transcriptional switch that 
upon binding of a protein could trigger the off position, con-
ferring tumor-suppressing properties to the drug, as seen in the 
case of quarfloxin and MYC. Finally, we have observed that the 
highly selective G-quadruplex-binding compound pyridostatin 
induces DNA damage at telomeric and nontelomeric regions of 
the genome in a panel of human cancer cells [20,21; Rodriguez R, 

Miller KM, Forment J et al., Unpublished Data]. The exact binding loci 
of the drug and the precise mode of action per se have not yet been 
established as these studies are still in progress. Nevertheless, the 
potent antiproliferative properties of this molecule at noncytotoxic 
doses have provided additional evidence of the clinical relevance 
of drugs that target G-quadruplex DNA structures.

Conclusion & perspectives
In the last decade, a great deal of studies have provided invalu-
able knowledge on the structure and dynamics of G-quadruplex 
nucleic acids and their targeting with small molecules. The devel-
opment of potent drugs has suffered from the absence of known 
biologically relevant G-quadruplex targets required for a suitable 
design. As a result, nonvalidated G-quadruplex targets have been 
used to identify potent binders. This reverse-genetics approach 
seems to have revealed a number of targets, including telomeres 
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and gene promoters. However, we believe that there are two criti-
cal questions that need addressing: what are the in vivo targets 
of G-quadruplex-binding small molecules? And what regulates 
their accessibility? Although telomeres, rDNA and promoter 
regions have been identified as potential targets, there are over 
350,000 predicted sequences in the genome that can fold into 
G-quadruplex structures, raising the daunting task of determin-
ing selective targets for these drugs [8]. Whether these molecules 
are able to bind and target one specific or clusters of G-quadruplex 
structures is still an open question. Our recent unpublished 
observations, as well as the advancement of using small-molecule 
probes as selective G-quadruplex-DNA antibodies, suggests that 
the implementation of systematic genome-wide analysis, includ-
ing chromatin immunoprecipitation followed by deep sequenc-
ing and RNA-Seq, will be instrumental in providing validated 
in vivo targets. As to the question of accessibility, these drugs 
must be able to interact with DNA, which is normally bound 
by chromatin proteins, including histones. Histones will nega-
tively regulate the accessibility of DNA-interacting molecules, 
including G-quadruplex binders, and it is surprising that the role 
of chromatin in G-quadruplex biology has not been addressed. 
Histone deacetylases are a class of enzymes that regulate chroma-
tin dynamics and constitute a major class of targets for anticancer 

therapies. As inhibition of histone deacetylases impairs DNA 
repair, and acts synergistically with radio- and chemotherapies, 
the dual use of these anticancer drugs along with G-quadruplex 
small-molecule binders could have therapeutic potential [22,23]. 
Answers to these questions, as well as the development of site-
specific interacting probes to G-quadruplexes, are certain to 
unravel additional biological functions, as well as unanticipated 
therapeutic targets, for the treatment of human diseases. There 
is no doubt that G-quadruplex DNA will continue to emerge as 
relevant druggable structures. 
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