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Editorial

Although aptamers were described in the literature more than 25
years ago, surprisingly they have not yet reached wide application in
the biomedical industry. We here try to outline some issues and
prospects with regard to aptamers as antibody replacement,
emphasizing their use in microarrays as an example.

In 1990, both Ellington and Turek developed an in-vitro selection
and amplification technique, known as systemic evolution of ligands
by exponential enrichment (SELEX), to isolate RNA/DNA sequences
that bind to target molecules specifically with high affinity [1,2]. These
molecular recognition elements named “Aptamers” in principle offer
many advantages in comparison to antibodies. They have been selected
against various targets regardless of their immunogenicity [3].
Moreover, they can be modified with simple well defined chemical
reactions to include a dye, a tag, a functional group, or to attach them
to surfaces [4-7]. Unlike antibodies, aptamers have low cost of
production, they do not suffer batch to batch variations and can refold
to their original confirmation when optimal conditions are restored.

In-vitro diagnostic (IVD) assays are medical assays performed
extracorporeally to evaluate both the normal and altered physiological
functions. They are usually used in combination with physical
examination and in-vivo diagnostics (e.g. Nuclear magnetic resonance
imaging and computed tomography); to provide valuable information
for treatment decisions. Immunoassays represent the most commonly
performed IVD format for protein quantification [8]. They are based
on antibodies as molecular recognition elements. Enzyme linked
immunosorbent assay (ELISA) is a robust and simple immunoassay;
hence, ELISA assay format was transferred to microarrays in form of
spots on a solid substrate. Each spot resembles a well of the microtiter
plate typically used for ELISA. This miniaturization allows for the fast
and parallel multiplex detection required for the diagnosis of more
complex diseases and disorders.

The conventional detection strategy for antibody microarrays
depends on either the sandwich format or, in case of small molecules
with one epitope, the competitive assay format. This format have
several drawbacks and concerns such as: the difficulty of labelling the
analyte, the loss of activity or native conformation of the labelled
analyte, and the negative correlation between analyte concentration in
sample and signal intensity i.e. the more analyte in the sample the
lower the signal. These drawbacks could be overcome using aptamers.
Aptamers unique properties and the flexibility in their conformational
structure paved the way for new detection strategies previously not
possible with antibodies. These strategies are of special interest and
value for the detection of small molecules. Small molecules are
specially challenging because of their size and the fact that most of

them have only one epitope, hence, it is usually difficult to have a pair
of non-overlapping antibodies or aptamers for a traditional sandwich
ELISA. Based on molecular beacons, Hamaguchi and colleauges
designed aptamer structures to directly quantitate target molecules
using conformational changes [9]. The aptamer beacon is labelled on
one end with a fluorophore and a quencher on the other end. Natively
due to the complementary sequences included in the aptamer
structure, they form a stem loop structure in absence of target
molecule. Upon titration with target molecules, the beacon
conformational structure changes drastically leading to fluorophore-
quencher pair to be far apart and an increase in fluorescence
proportional to the analyte concentration can be detected. Another
approach described based on strand displacement probes (Yin-Yang
probe) where they used a short oligonucleotide complementary
labelled with a quencher to an aptamer labelled with a fluorophore.
However this approach is a competitive format and still produces a
directly proportional signal increase.

Aptamer microarray presents a suitable technology for overcoming
the drawbacks and limitations faced by antibody microarrays. This
technology can make use of existing DNA production strategies.
Nevertheless, there are many concerns with the production of aptamer
microarrays and it seems to be more difficult in practice. This is
attributed to the fact that in a microarray aptamers are immobilized on
a surface which might lead to partial loss in their flexibility. This loss in
flexibility hinders aptamers from correctly folding to their 3D structure
necessary for the binding to their target molecules. Other technical
concern is the assay conditions. Aptamers require specific conditions
of buffer ionic strength, pH values, additives and temperatures for their
correct folding and function. This makes it very difficult especially for
multiplex microarrays since aptamers targeting different targets
require different assay conditions. Progress of aptamers is also
hampered by established structures and processes. Aptamers have to
compete with the well-established antibody technologies. While
processes for generation and quality assured production of antibodies
(though in principle requiring much more effort than selection and
production of appropriately binding aptamers) are well established in
companies it is obvious that there was and is no urgent need for
change. Though aptamer-based assays finally may be produced much
more cost effectively, yet it would require a complete de-novo set up of
infrastructure with new processes, partners, equipment etc. and a
considerable start-up and change management investments. However,
antibodies still are of limited use in some areas such as small molecules
detection and non-immunogenic targets. Here, aptamer based assays
will be of great importance. However, most of these assays are still
proof of concept experiments utilizing well characterized aptamers
with targets of little importance for diagnostics. Moreover, most of the
described techniques based on aptamers so far are not user friendly or
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simple to operate in nature; they require highly trained personnel and
bulky machines.

However, we expect aptamers to be of greater value towards filling
the gaps where antibodies fail to deliver rather than replacing them.
This approach will lead to seeing aptamers used more frequently in
commercial applications within the next five years.
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