JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV
Trisubstituted Isoalloxazines as a New Class of G-Quadruplex Binding

Ligands: Small Molecule Regulation of c-kit Oncogene Expression

Mallesham Bejugam, Sven Sewitz, Pravin S. Shirude, Raphal
Rodriguez, Ramla Shahid, and Shankar Balasubramanian

J. Am. Chem. Soc., 2007, 129 (43), 12926-12927+ DOI: 10.1021/ja075881p « Publication Date (Web): 05 October 2007
Downloaded from http://pubs.acs.org on February 14, 2009

LL””O?I;‘N‘Lm %W

N
o

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 20 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja075881p

JIAIC[S

COMMUNICATIONS

Published on Web 10/05/2007

Trisubstituted Isoalloxazines as a New Class of G-Quadruplex Binding
Ligands: Small Molecule Regulation of c-kit Oncogene Expression

Mallesham Bejugam, Sven Sewitz, Pravin S. Shirude, Raphaél Rodriguez, Ramla Shahid, and
Shankar Balasubramanian*

The Unbersity Chemical Laboratory, Unersity of Cambridge, Lensfield Road, Cambridge, CB2 1EW, U.K.

Received August 6, 2007; E-mail: sh10031@cam.ac.uk

Particular guanine rich DNA sequences can fold into stable four- Ligand R, R,
stranded G-quadruplex structures, under physiological concentra- Rz 1a I I
tions of Na and K*, in vitro.* Such sequence motifs are found in ;\.\L : '

the telomeres where they can fold into quadruplexes under the

control of specific telomere binding protein&-quadruplex motifs HN N /NYO 1c N _

have been identified throughout the gendnaad concentrate U ;EI(NM 1d W F

immediately upstream of transcription initiation sif@# number N 5 S \

of these so-called “promoter quadruplex” sequences have been 1 le l"'; : e

studied for several proto-oncogenes, including c-MYBCL25 1f I -OMe

VEGF$ KRAS” and two G-quadruplexes in the c-kit prométer  Figure 1. Structures of isoalloxazine ligands—f.

(c-kitl and c-kit2). One working hypothesis couples quadruplex

formation in promoters to transcription, suggesting an opportunity stabilizing influence of the ligand. We included three distinct

for chemical intervention of gene expression using small molecule G-quadruplex forming sequences in the study, the human telomeric

G-quadruplex ligands. Some proof-of-concept has been provided DNA quadruplex sequence htelo [d(AGGG (TTAGGNd the

for the case of c-MYC where small molecule ligands, TmP§P4, two c-kit promoter G-quadruplex sequences cH#itJd(AGG-

and quindolin@ derivatives have been shown to inhibit gene GAGGGCGCTGGGAGGAGGG)]andc-kitgd(CGGGCGGGCGC-

expression, while KRAS gene expression was inhibited by GAGGGAGGGG)]. We have also included a duplex DNA [d(G-

TmPyP4! GCATAGTGCGTGGGCGTTAGC)] hybridizedwithits complementary
The c-kit proto-oncogene encodes a tyrosine kinase receptor forstrand as a control. The SPR results (Table 1) revealed that ligands

the growth-promoting cytokine SCF (stem cell factor) which plays 1a—f, bind to the various G-quadruplex DNA targets with measur-

an important biological role in the control of differentiati$hA able dissociation constants ranging from 3 ta#8. None of the

small molecule inhibitor of c-kit, Gleevec (imatinib mesylate), is ligands showed significant binding to the control duptéxll

being effectively used in the treatment of gastrointestinal stromal ligands tested showed a preference for binding to the c-kit2

tumors (GIST)! A small molecule that inhibits c-kit expression  quadruplex, with 3-fold selectivity for c-kit2 over c-kit1 for ligand

at the transcriptional level would provide further evidence to support 1d and 14-fold selectivity for c-kit2 over htelo for ligarich (Table

the promoter-quadruplex hypothesis and might inspire the explora- 1). The discrimination between quadruplex DNA and duplex DNA

tion of quadruplex-based therapeutic approaches to address GISThas now been reported for a number of small molecule ligands,

Herein, we report the design, synthesis, biophysical evaluation with but the discriminatiorbetweendistinct quadruplexes by a small

primary biological data on 3,8,10-trisubstituted isoalloxazines molecule is perceived to be a greater challenge. Our observations

(Figure 1). support the potential for small molecules to discriminate between
The design of isoalloxazines as potential G-quadruplex ligands quadruplexes. We do not yet have structural information on the

was inspired by the observation, arising from SELEX studies, that interaction of ligandsla—f, but we envisage that the observed

oxidized riboflavin (7,8-dimethyl-10-ribityl-isoalloxazine) binds to  quadruplex discrimination must, in some part, arise from the distinct

an intramolecular G-quartet with moderate binding affinky)(of loop topology and/or sequences exhibited for the quadruplexes
1-5uM.12 Our design principles maintain the planar isoalloxazine under study.
scaffold, to enable interactions with G-quaft&Amine side chains The FRET-melting data (Table 1) showed that, with the exception

were introduced to provide potential for interactions with quadruplex of 1c, all ligands evaluated showedTg, shift of 14—27 °C, at 1
loops and grooves and the negatively charged stiaosphate uM ligand, for the three quadruplexes evaluated and no detectable
backbone. stabilization of duplex DNA. The FRET melting data is broadly in
We developed and employed a short and robust synthetic routesupport of the SPR measurements, although one must exercise
to 3,8,10-trisubstituted isoalloxazines to prepare ligands of general caution in the interpretation of FRET-melting sintg measure-
structurel (Figure 1). The key isoalloxazine building blocks were ments relate to ligand-induced stabilization of folded structure,
synthesized using modified literature proceduresn efficient rather than equilibrium binding (Figure 2).
method was developed for the introduction of amino alkyl side  On the basis of their selectivity for c-kit2, we carried out a study
chains to affordla—f in good overall yields (see Supporting on the effects of ligandda and 1d on c-kit expression. We
Information). evaluated the ligands at M final concentration, near to the
To evaluate the interaction properties of isoalloxaziteesf with measuredy for both compounds (Table 1). Two human cancer
a number of DNA targets, we employed surface plasmon resonancecell lines were used: the epithelial like breast cancer cell line
(SPR) to evaluate equilibrium bindittgand a fluorescence  MCF-7 and the gastrointestinal stromal tumor cell line HGC-27.
resonance energy transfer (FRET) melting a¥stwyevaluate the These ligands were not toxic to either cell line at the concentration
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Table 1. Dissociation Constants (Kg) Measured by SPR and
G-Quadruplex Stabilization (A Tm) Potential by FRET-Melting

DNA la 1b 1c 1d le 1f
Kq [uM]
c-kit2 3+05 5.8+23 92+15 9.7£0.8 2.8+0.5 7.7+£0.2
c-kitl 6.4+0.1 9.1+23 21+2 31+1 4.9+03 137+1
htelo 43+3 86+2 69+7 b 21+1 63+2
ds nd”’ ndt’ nd'? nd’ nd‘’ nd’?
AT at1uM (°C)
c-kit2 18 175 54 ndl 17.2 14
c-kitl 25.3 24.6 11 ntd 27.1 13.7
htelo 19.1 19.3 7 md 155 15.4
ds 0 0 0 néd 0 0
G-Quadruplex Binding Discrimination (Fold)

c-kit2/ 1/2/14 1/2/2 1/2/8 1/3 1/217 1/2/9
c-kitl/htelo

aNot determined (nd) due to intrinsic fluorescence of ligaho

pronounced than in HGC-27 cells, which may be due to the different
basal transcriptional levels of c-kit of these two cell lines. It was
interesting to note that the inhibitory effects were observed at
concentrations near the ligari€,, which may reflect favorable
cellular uptake of such compounds.

In summary, 3,8,10-trisubstituted isoalloxazines are a promising
class of G-quadruplex binding ligands that show selective binding
to a c-kit promoter quadruplex and have provided proof of concept
for the inhibition of c-kit expression. Detailed investigations on
the chemical biology of 3,8,10-trisubstituted isoalloxazines and
quadruplexes are now underway.

Acknowledgment. We thank Cancer Research U.K. for pro-
gramme and project funding, the BBSRC for funding, and COM-
SATS University faculty development programme funding for a
studentship to R.S. S.B. is a BBSRC Career Development Research

detectable binding was observed; SPR standard deviations are given forge|low. We thank Ashok Venkitaraman for valuable discussion.

two independent experiment&Ty, + 1 °C.
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Figure 2. (A) SPR binding curve for isoalloxazirato c-kit2 (@), c-kitl
(a), and htelo M); running buffer, 50 mM Tris-HCI pH 7.4, 100 mM KCI.
(B) FRET-melting assay for c-kitl}, htelo @), c-kit2 (@), and ds DNA
(a) in the presence ofa; buffer, 60 mM potassium cacodylate pH 7.4.
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Figure 3. The inhibition of c-kit gene expression by isoalloxazines.
Expression of c-kit in control cells treated with 10% DMSO in water is set
to 100% (black bars). Expression of c-kit in cells treated with ligands is

given as a percentage of untreated controls (gray bars). For all experiments,

Supporting Information Available: Experimental procedures for
the synthesis of isoalloxazinds SPR binding curves, experimental
details, curves of FRET-melting and experimental procedures of cell
based experiments. This material is available free of charge via the
Internet at http://pubs.acs.org.
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