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Aptamer selection for the inhibition of cell adhesion with
fibronectin as target
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Abstract—An affinity column immobilizing a decapeptide H2N-RGDSPASSKP-CO2H was used to select RGD-binding aptamers
from a pool of 86-mer single-strand oligodeoxynucleotides (ODNs) containing a random 40-mer sequence. The enriched library thus
obtained was further selected against adsorbed fibronectin and individual aptamers were monocloned in E. coli and sequenced to
give a couple of highly homologous ODNs, which indeed inhibited fibronectin-integrin mediated cell adhesion.
� 2004 Elsevier Ltd. All rights reserved.
SELEX (Systematic Evolution of Ligands by
Exponential Enrichment)1–3 is a highly sophisticated
oligonucleotide selection procedure that has been used
to isolate and amplify, among random libraries, apta-
mers capable of binding to a particular target such as
protein. Especially intriguing are functional aptamers,4;5

which interfere with protein–protein interactions. In
cases where the interaction-responsible particular resi-
dues (epitopes) on the protein surface are identified,
aptamers may be selected against an epitope-containing
small peptide as target.5 The present work is concerned
about fibronectin. This huge dimeric protein (�230 kDa
for each subunit), normally found in extracellular
matrices, is constituted of a series of repeating modules
known as types I–III and has multiple adhesive sites for
various substances including fibrin, heparin, collagen,
and integrin (cell) (Fig. 1a).6 Remarkably, the critical
ligand for cell-surface integrins a5b1, acb3, and aIIbb3 is a
simple tripeptide Arg-Gly-Asp (RGD) motif.7 The
fibronectin-integrin interactions are responsible for such
diverse cell activities as adhesion, morphology, signal-
ing, growth, differentiation and multiplication, migra-
tion and translocation, and angiogenesis and transfer of
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tumor cells.7 We report here that the aptamers selected
indeed inhibit cell adhesion.

An initial pool of 86-mer single-strand oligodeoxy-
nucleotides (ODNs) contains a random 40-mer sequence
(N40, in �1015 different sequences) with flanking primer
regions having fixed sequences at both ends.8 This ODN
library was passed through an agarose-gel column
immobilizing (peptide-CONH-column)9 a short RGD
peptide H2N-RGDSPASSKP-CO2H (Sigma) whose
sequence was a direct copy of the RGD region of
fibronectin. Most of ODNs passed through the column
when eluted with PBS(+) buffer (pH7.2) containing
150mM NaCl, 2mM MgCl2, and 2mM CaCl2. A small
amount (<1%) of binding ODNs adsorbed on the col-
umn was recovered with Tris–acetate elution buffer
(pH5.8) containing 7M urea and 3mM EDTA, etha-
nol-precipitated, and amplified via asymmetric PCR.10

The enriched library obtained after five such cycles (Fig.
1b) was passed through a peptide-free column as a
negative selection and subjected to a second selection
against adsorbed fibronectin in order to remove non-
functional aptamers that bind to the RGD peptide but
not to the protein. Thus, the library obtained as above
was incubated in PBS(+) in a fibronectin-precoated 96-
well plate (BD BioCoate Fibronectin Cellware) and the
plate was washed with PBS(+). Aptamers which sur-
vived washing on the plate were detached with elution
buffer and PCR-amplified as above. This incubation/
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Figure 2. SPR trace of the interaction of aptamer 1 with immobilized

fibronectin at 25 �C under flow (10 lL/min) of PBS(+) as running

buffer. An aptamer solution (30lL, 10lM) in PBS(+) was injected at a

flow rate of 10 lL/min for 180 s (from A to B). Response units were

corrected for nonspecific interactions by using a fibronectin-free chip

as a reference.

Figure 1. Illustration of fibronectin (subunit) structure with various adhesive domains (a) and sequential selection of random oligodeoxynucleotides

(ODNs) based on the RGD peptide and the whole fibronectin protein (b).
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washing/PCR cycle was repeated five times (Fig. 1b)
under progressively severer conditions11 to give a doubly
selected ODN library.

Individual aptamers were monocloned in E. coli and
seven aptamers arbitrarily chosen were sequenced as
shown above. Among them, aptamers 1 and 2 are highly
homologous with a difference only in one base. They are
capable of strongly binding to fibronectin as revealed by
gel shift [1.5% agarose gel containing ethidium bromide
(1.0 lg/mL)] and SPR (surface plasmon resonance).
Thus, aptamer 1 is readily adsorbed on a fibronectin-
immobilized sensor chip,12 while desorption thereof
hardly takes place (Fig. 2).

We then moved on cell assay to see if the present RGD-
selected, fibronectin-binding aptamer 1 can inhibit cell
adhesion.13 Baby hamster kidney (BHK) cells (Riken
Cell Bank, accession no. RCB1423) were incubated in a
fibronectin-precoated 96-well plate in the absence and
presence (10 lM) of ODN (aptamer 1 or d(A)86 as a
control). After incubation for 2 h at 37 �C, the mixture
was analyzed with an optical microscope for cell shapes
and numbers of adherent/floating cells. Without any
ODN or with control ODN d(A)86, cells firmly adhere
onto the plate with adhesion-induced characteristic
elongation even after several washings (Fig. 3a and b).14

In sharp contrast, elongation is completely suppressed in
the presence of aptamer 1 (Fig. 3c); some cells appear to
be weakly adhering on the plate but are thoroughly
rinsed out upon washing (Fig. 3d). These results leave
little doubt that aptamer 1 binds to fibronectin to inhibit
the integrin-binding activity of the latter.15
In summary, this work shows a SELEX route to cell-
adhesion modulating fibronectin blockers.16 The tar-
geted RGD motif appears in a number of adhesive
proteins. There are also many known examples of epi-
topes including antibody determinants. The essential
theme of the present approach, while not yet clear, is the



Figure 3. Optical microscopic images of BHK cells in PBS(+) buffer in

a fibronectin-coated plate in the absence of any ODN (a) and in the

presence of control ODN d(A)86 (b) or aptamer 1 (c) without washing.

Upon washing, cells in (a) and (b) resist to be detached, while those in

(c) readily came off (d).

A. Ogawa et al. / Bioorg. Med. Chem. Lett. 14 (2004) 4001–4004 4003
significance of the sequential two-step selection based
first on the epitope peptide and then on the whole pro-
tein. Further work is now under way focusing on this
point.
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