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Abstract 

 
Aptamers define a new interesting class of receptor molecules with capability of binding to potentially 
any kind of molecules of interest. Structurally, they are composed of nucleic acids (RNA, DNA or a 
mixture of both) with high specificity and affinity to amino acids, drugs, proteins and other molecules. 
Apatmers are isolated from complex libraries of synthetic nucleic acids against the desired target 
molecules. They can be chemically modified to increase their stability and availability in biological 
environments. These molecules have potential applications in diagnostic assays such as conventional 
immunoassays, and in analytical devices including biosensors. Aptamers have been recently applied as 
antibodies against viral antigens and several key target molecules in cellular metabolic pathways. In 
this article, aptamers and their application in nanomedicine have been reviewed. 
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Receptor-ligand interaction is the 
principal of many in vitro and in vivo 
assays with applications in medicine and 
industry. Designing receptors with high 
specificity is one of the major areas of 
interest in bioresearch. Aptamers introduce 
a new class of receptors with capability of 
specific binding to virtually any kind of 
molecules (1-3). The word 'aptamer' was 
taken from the Latin aptus meaning 
'fitting', and by analogy with antibodies, 
the targets bound by aptamers were called 
'apatopes' (1). These receptors are typically 
composed of RNA, single stranded DNA 
or a combination of RNA/DNA (4,5). 
Aptamers can be chemically modified to 
extend their lifetime and availability in 
biological environments. They can 
distinguish very similar molecules such as 
enantiomers of small molecules (6). This 
property will be a function of the three 
dimensional structure of the folded nucleic 
acid, which produced by a combination of 
Watson Crick and non-canonical intra-
molecular interactions. The three dimen-

sional structure of an aptamer is uniquely 
determined by the sequence of its bases 
(7).  

 Aptamers became the central dogma in 
investigations involving ligand receptor 
interactions with many applications. They 
are used in analysis of the natural process 
of nucleic acidprotein recognition, 
detection of the presence of target 
molecules in complex mixtures; and used 
as inhibitors of enzymes, hormones, toxins, 
and antibodies with potential pharmacological 
utilization (8). Furthermore, aptamers have 
been used as molecular diagnostic and 
therapeutic tools in a verity of diseases 
(4,9). Here, we review some significant 
developments in the field of aptamer 
research with emphasis on diagnostic 
applications. 

 
Aptamers as nanoprobe 

 
Aptamers can be made against any 

target molecule. Their targets cover a wide 
range of molecular sizes from simple ions, 
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Fig. 1. The selective expansion of ligands by exponential enrichment, SELEX, method for isolation and 
purification of aptamers. An illustration of isolation of aptamers from an extremely large pool of random nucleic 
acids (RNA or DNA) sequences which were generated by the sequential randomized solid-phase synthesis of 
oligonucleotides. A-E represents the order of selection method (compiled and redrawn from refrence 27). 
 
small molecules and peptides to complex 
proteins, organelles, viruses and even an 
entire cell (8,10,11). Also, reasonably 
diverse types of chemical targets, including 
organic and inorganic compounds and all 
kinds of biomolecules (e.g. saccharides, 
glycosides, antibiotics, vitamins, dopamine, 
cocaine and adenosine), can be recognized 
and bound by aptamers (12-14). 

Aptamers against any desired molecule 
are made through a series of in vitro 
selection experiments called "selective 
expansion of ligands by exponential 
enrichment, SELEX". This method 
provides a powerful way for the 
identification of aptamers which bind with 
high affinity and specificity to target 
molecules (15,16). In this method, 
aptamers are isolated from an extremely 
large pool of random nucleic acid (RNA or 
DNA) sequences, generated by the 

sequential randomized solid-phase synthesis 
of oligonucleotides. Affinity chromatog-
raphy is then used to isolate the nucleic 
acids with specific and selective binding 
characteristics to given target molecules. In 
fact, the molecules of interest (targets or 
ligands) are first immobilized on sepharose 
or synthetic beads and treated with a 
solution containing the random nucleic 
acids. Bound nucleic acids (aptamers) are 
then isolated, purified and characterized 
(e.g., sequenced). The selection protocol 
has now been reduced to an automated in 
vitro process, which enables high-
throughput selection against an almost 
infinite set of targets (17) (Fig. 1). Having 
isolated, aptamers can be modified 
chemically by routine process, or can be 
amplified indirectly by cloning into an 
appropriate vector or directly using PCR or 
RT-PCR (18). 
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The therapeutic potential of aptamers  
 
 Aptamers can interact tightly and 
specifically with their targets. This 
interaction may lead to different effects on 
the function of the target molecules. For 
example, binding of an aptamer to a target 
molecule can inhibit its binding to the 
cognate receptor, resulting in the alteration 
of its function. This property could allow 
aptamers to be readily used as pharmac-
euticals. As instances, anti thrombin 
aptamers have been shown to block blood 
clotting (19,20), and anti-human neutrophil 
elastase aptamers have been used to inhibit 
neutrophil-mediated damage to lung 
tissues (21). Indeed, the first aptamer-
based therapeutic agent named 'Macugen' 
entered clinical use for treating a form of 
macular degeneration (22). Moreover, 
aptamers have been selected against the 
whole Rous Sarcoma virus that efficiently 
inhibits the viral infection upon pre-
incubation with the virus (10). 
Furthermore, it is conceivable that 
aptamers may be used in gene therapy. 
They can be used to inhibit the function of 
intracellular proteins in several genetic 
diseases in which abnormal proteins are 
causing the problem, e.g. mutant forms of 
p53 protein in prostate cancer (23,24). In 
this regard, the aptamer coding sequences 
can be introduced into the cells under an 
appropriate inducible promoter to target 
the p53 mutant mRNA in cytoplasm, 
inhibiting its translation. Moreover, 
aptamers have used as candidate theraputics 
for cardiovascular indications. Currently, 
there are both anticoagulant and anti thro-
mbotic aptamers in the clinic (25). Taken 
together, these instances emphasize on the 
capability of aptamers to warrant their 
consideration as therapeutic agents (26).  
 Furthermore, some properties of apta-
mers make them attractive therapeutic 
agents compared to antibodies. Prominent 
among these are: i) their stability (they can 
be heated to 80 °C or stored in various 

solvents/harsh environments and they will 
return to their original conformation, 
providing a long shelf life); ii) seem to lack 
immunogenicity in studies in man, 
aptamers (whereas antibodies are 
significantly immunogenic precluding 
repeat dosing unless they are “humanized” 
or produced fully humane); iii) unlike 
antibodies, aptamers can be chemically 
modified to extend their lifetime in 
biological fluids and their availability in 
animals (13,27).  

In the following section, several 
significant therapeutic applications of 
aptamers are briefly introduced. 
 

Blockade of angiogenesis and cancer 
by aptamers 

 
Angiogenesis normally occurs during 

the body growth and wound healing that 
plays a central role in various disease 
states, including cancer and diabetic 
retinopathy. Aptamers selected to bind 
basic vascular endothelial growth factor 
(VEGF) have been shown to successfully 
inhibit VEGF binding to its receptors and 
inhibit in vivo the blood vessel growth, or 
angiogenesis and growth of tumors (28). 
 Plasminogen is the key serine protease 
in the fibrinolytic system and also appears 
to be involved in tumor invasion and 
metastasis. Introduction of vectors 
expressing aptamers against plasminogen 
and plasmin into cancerous cells have been 
resulted in successful prevention of 
metastasis in mice (29,30).  
 Recently, the first cancer therapeutic 
aptamer was introduced as aptamera 
(AS1411), which is currently in phase I 
trial in human (31). This aptamer forms an 
intracellular complex with nuclear factor-
κB (NF-κB) essential modulator and 
nucleolin and thereby inhibits activation of 
NF-κB (32). Obviously the successful 
results of this new drug could promote the 
investigations toward introduction of more 
new therapeutic aptamers. 
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Aptamers in the treatment of thrombosis 
 

 Thrombin is the key enzyme in 
regulation of thrombosis and haemostasis. 
Present anticoagulant and antithrombotic 
therapies rely on low molecular weight 
heparin and coumarin (33). Both therapies 
require close monitoring of the patients 
during the administration of the drugs to 
prevent sudden side effects such as 
systemic hemorrhage. This therapy is very 
unpleasant for long term application and in 
case of unwanted symptoms, very difficult 
to reverse the situation. A number of 
aptamers has been recently developed that 
function as antithrombotic agents. These 
molecules could bind specifically to the 
thrombin enzyme, inhibiting its activity. 
Due to the precise action of the aptamers, 
they have been shown to be effective in 
inhibiting clotting without any significant 
side effect. The application of aptamers as 
theraputic agents offers a potential 
effective alternative which is easier and 
safer comparing to the present therapies 
(34). Recently, an RNA aptamer targeting 
von Willebrand factor (VWF) has been 
described that can potently inhibit VWF-
mediated platelet adhesion and aggre- 
gation. By targeting this important 
adhesion step, it was shown that the 
aptamer molecule can inhibit platelet 
aggregation in ristocetin-induced platelet 
aggregation assays.  
 

AIDS gene therapy by aptamers 
 
 In new strategies for gene therapy of 
AIDS, aptamers have been employed. In 
these new systems, vectors were used 
which express aptamers against the human 
immunodeficiency virus-1 (HIV-1) 
proteins, such as integrase, reverse 
transcriptase and nucleocapsid proteins 
(e.g. NCp7) (35,36). It was found that 
these aptamers, like Rev-decoys, were able 
to inhibit expression of the virus. 

Expression of an aptamer against HIV 
reverse transcriptase resulted in >75% 
reduction in viral replication (36). 
Application of these vectors in vivo may 
lead to a powerful therapy for the HIV 
infection. 
 

Diagnostic potential of aptamers 
 
 Given the high affinity and specificity 
for the target molecules, aptamers could 
have potential application in a verity of 
detection and diagnostic systems. For 
example, fluorescent labeled aptamers can 
be used to detect and measure serum 
amino acids such as phenylalanine, which 
is useful in diagnosis of hyperphenyla- 
laninemia (e.g., phenylketonuria) (9). By 
using fluorescent labeled aptamers against 
surface proteins of pathogens, it would be 
possible to detect any infection by viruses, 
bacteria and even prions. Prions which are 
small proteins, found in the nervous 
system of mammals, and mutant forms of 
them have been found closely associated 
with spongiform encephalopathies (BSE, 
Scrapie etc.). It is thought that exposure to 
the mutant forms of prions may lead to 
infection in human. Aptamers have 
recently been synthesised that are capable 
of clear distinction between the pathogenic 
and non-pathogenic forms of these proteins 
(37,38). 
 Aptamers have also been used in a number 
of analytical methods. For example, in 
surface plasmon resonance (SPR) methods, 
aptamers are designed to detect activated 
2'-5' oligoadenylate synthase and CD4. In 
these cases, the aptamers were used in the 
mobile phase and the target molecules in 
immobilized phase (39). Another method 
that is applicable to aptamer-based 
detection is enzyme-linked oligonucleotide 
assay (ELONA). The ELONA technique 
was first developed by the NeXstar 
company. This technique is basically an 
enzyme linked immunosorbent assay, 
ELISA, in which aptamers are used instead 
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of antibodies to detect the target 
molecules. So far, ELONA has been used 
successfully to detect some different 
proteins such as cytokines and Leishmania 
infantum H2A antigen (40,41). In another 
study, surface plasmon resonance was used 
as an efficient methodology for selecting 
aptamers that bind to hemagglutinin of 
human influenza virus. This procedure 
allowed monitoring and selection of target-
bound aptamers specifically and 
simultaneously (42).  
 

Aptamer Microarrays 
 

Human body is made of many different 
kinds of cells, each of which is suited to its 
particular function as a part of the whole. 
Every cell type has a unique molecular 
signature or proteome, the protein 
complement expressed by the genome. 
DNA microarrays (DNA chips) are 
revolutionizing biology and medicine by 
expanding our analysis from the study of 
gene expression to the study of genome 
wide gene transcription (43). However, 
DNA microarrays are limited in studying 
the proteome, due to: first, mRNA levels 
may not accurately reflect the corres-
ponding level of a given protein; second, 
post-translational modification of proteins 
also regulates protein function. Using 
aptamers a new generation of DNA 
microarrays called aptamer microarrays 
(aptamer chips) is under development, 
which use both RNA and DNA 
oligoprobes (44,45). As in the DNA chips, 
each different target molecule in the cell 
extract will be localized to a different site 
on an aptamer microarray surface by its 
specific affinity to an aptamer probe, 
which is coated onto an array site of a 
glass slide. These microarrays could 
potentially quantify 102 to 105 different 
proteins in a cell (46). Furthermore, 
because of their high specificity, aptamers 
are capable of detecting differences in the 
type and level of post-translational protein 

modifications, and even the presence of 
mutant proteins (47) (Fig. 2).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. A schematic representation of aptamer 
microarray (chips). As illustrated, each different 
target molecule (e.g. DNA) can be localized to a 
different site on an aptamer microarray surface by 
its specific affinity to an aptamer probe. The probe 
is coated onto an array site of a glass slide. The 
bond target molecules will then be easily quantified 
using a scanner linked to the computer with the 
appropriate software. 

 
 Aptamers seem to be more advanta-
geous than antibodies in microarrays. First, 
aptamers could be regenerated multiple 
times without loss of sensitivity, while the 
antibody microarrays suffere irreversible 
damage. Second, the small size of aptamer 
provides a greater surface density of 
receptors (48). Furthermore, since 
aptamers can be selected for specific 
binding to small molecules, aptamer 
microarrays could also be useful for 
detecting small molecule ligands, such as 
cellular metabolites. By development of 
this technology, it may eventually prove 
possiblity to build an instrument that could 
simultaneously analyze metabolites, 
proteins, and nucleic acids. This 
instrument would also allow the 
digitization and study of the concentrations 
of all molecules involved in virtually all 
biochemical or signal transduction 
pathways. With the increasing applications 
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of proteomic strategies for cancer 
diagnosis, the detection of cancer related 
proteins, especially tumor onco-proteins 
could be facilitated by aptamer chips 
(49,50).  
 The application of aptamer microarrays 
to analyze and study the proteome has 
opened a new window on the etiology, 
early detection, diagnosis, and treatment of 
many cancers. It would be also possible to 
identify cancer-causing infections and 
environmental carcinogens. Moreover, the 
aptamer technology provided an alternative 
monitoring method, by which the protein 
changes in the blood could be recorded to 
trace the onset of carcinogenesis in the 
high-risk people. Such a test is even less 
invasive than the biopsy that is necessary 
for a DNA microarray analysis, which 
detects the messenger RNAs manufactured 
in tumor cells. Aptamer microarrays have 
been constructed for detection of many 
cancers such as the breast cancer. These 
microarrays are capable of detecting the 
disease-causing variants of the BRCA1 or 
BRCA2 proteins (49,50). Also aptamers 
have been used to detect biomarkers that 
are over expressed on cancer cell memb-
ranes (e.g., prostate-specific membrane 
antigen, PSMA) (51). 
 

Concluding remarks and future 
prospects 

 
The studies performed on the 

application of aptamers clearly show that 
the aptamer technology is rapidly growing 
into a powerful technology. The ability of 
aptamers to mimic many monoclonal 
antibodies could result in the development 
of commercial kits for rapid diagnostic 
applications, especially in the cancer area. 
Moreover, advances in the understanding 
of the superstructure of ribonucleic acids 
would help in designing more efficient 
aptamer molecules to detect and deliver 
bio-molecules into cells. The generation of 

specific anti-viral aptamers against critical 
regions of the disease-associated viruses 
(e.g, the HR2 region of HIV gp41) is 
underway. Indeed, the rapid advances in 
the field of aptamers could result in the 
introduction of a new world of micro-
target therapy, and could revolutionize 
therapeutic strategies such as gene therapy 
and anti-viral therapy. 
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