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Introduction

Recent reports indicate that the value of medical 
therapy market of nucleic acids will soon exceed US$210 
billion. This figure shows the potential of these medicines 
for treating different diseases such as cancer, arthritis, 
rheumatoid, and cardiovascular disorders. A report under 
the title “medical therapy based on nucleic acid: the 
world market and its usage” categorized medical therapy 
based on nucleic acid into six categories and as the most 
important and popular medicines in the future. These six 
categories are antisense, intervening ribonucleic, gene 
therapy, nucleoside analogues, ribosomes, and aptamers. 
The term “aptamer” is from Latin root “aptus” for “fit.” 
The single strand oligonucleotides are made of RNA and 
DNA and usually reach the length of 20-100 nucleotide 
with a unique 3D structure. The structure is affected by 
the sequence, which also exclusively affects how aptamer 
is bound to its target molecules (e.g. protein with positive 
and negative loads, lipids, polysaccharides, antibodies, 
ions, viruses, tissues, cell, and small organs) at macro and 
micro scales [1-4].

Aptamers might play a role in blocking protein-protein 
reactions as receptor agonist, diagnosing markers, or 
carrier of other materials to the cell [2]. High accuracy 
of aptamers enables them to detect proteins among few 

Abstract

Oligonucleotides Aptamers are single strands of DNA and RNA with the length of 20-100 nucleotides or peptides 
and unique three dimensional structure that is affected by nucleotide sequence. The structure exclusively influences 
aptamers’ bindings with its target molecule. It reduces performance or inactivate protein and this feature is used 
for therapeutic purposes. In addition and through connecting to signature molecule, aptamers are used to detect 
specific proteins. High efficiency of aptamer technology makes them a valuable tool for diagnosing and treating 
different diseases including cancer. The present study is an attempt to review recent studies in this field.

Keywords: Aptamer- canter- SELEX technique

DOI:10.31557/APJCB.2016.1.1.3

Aptamers and Cancer
Nasrin Yazdanpanahi1, Mehrdad Hashemi2, Abolfazl Movafagh3

different amino acids [5]. After marking, aptamer probe 
can be used to generate a highly sensitive signal and 
measure the target molecule accurately [6].

In addition to efficient binding, in many cases, 
aptamers are featured with suppressing effects on their 
targets. Using them as biological diagnostic elements in 
biosensors is a major advance in fast and easy detection of 
proteins and/or other aptamer targets. The new generation 
of biosensors known as aptasensors are stable and perfect 
for clinical samples [1-5].

There are several advantages notable about aptamers, 
which make them suitable for molecular diagnosis or 
replacing antibodies for variety of examination purposes 
[3]. Among these advantages, ease of design and 
production is notable so that an accurate and economic 
diagnosing system can be built easily using aptamers [7-8].

Specificity, high tendency, and ease of binding to 
target molecules make aptamers capable of making 
exclusive binding to their target molecules ranging from 
pico-molar to nano-molar. This feature makes aptamer 
similar to monoclonal antibodies (mAbs) [2-9]. Binding 
site of aptamer includes molecular grooves and gaps of 
the target molecules such as enzymes. Thus, aptamers 
demonstrate antagonistic activities and acts like many 
mainstream drug agents such as anti HIV virus or direct 
suppressors of thrombin [2].
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Aptamers are not immunogen: in spite of monoclonal 
antibodies and peptides, aptamers do not stimulate 
immune system of body, which makes them more efficient 
in long-run [2].

Stability of aptamers in different conditions and their 
unlimited half-life: Aptamers demonstrate stability in 
a wide range of temperature and environment. Thereby, 
they can preserve their ability to develop the fourth unique 
structure of molecule. Denaturation of aptamers at high 
temperature is reversible, a feature that is not observed 
in antibodies [10-11]. In addition and thanks to ease of 
changing aptamers –e.g. use of modified nucleotides, 
it is possible to developed resistance to nuclease in 
aptamers. Comparing with antibodies, another advantage 
of aptamers is ease of modifying them and increasing 
their half-life [2].

High absorbability and fast penetrability to tumors: 
aptamers can be used as an alternative for monoclonal 
antibodies in radiotherapy and imaging purposes [4].

Rapid and easy synthesis: aptamers are rapidly 
and easily synthesized using chemical methods, while 
producing monoclonal antibodies needs expensive and 
complicated animal and biological systems. Chemical 
synthesis of aptamers facilitates making variety of 
modifications in them. For instance, conjugating aptamers 
with glycol polyethylene increases half-life of aptamer [2]; 
or connecting two identical aptamers and dimerization 
increases their tendency to the target. The latter is done 
for anti-VEGF165 aptamer (vascular endothelial growth 
factor), which is a homodimer protein, and aptamer that are 
bound to thrombin. Thrombin binding dimmer aptamer is 
featured with higher suppressive activity comparing with 
its non-dimmer type. The aptamer suppresses thrombin 
and fibrinogen reactions through making a binding to 
thrombin so that it can demonstrate anticoagulation effects 
[7]. DNA aptamers in vitro are chosen and proliferated 
using different combinatorial chemical methods such as 
systematic evolution of ligands by exponential enrichment 
(SELEX) techniques using large libraries containing 
DNA synthesized random sequences (Figure 1). The 
libraries usually contain 1015 different sequences of 
oligonucleotide. However, number of the sequences 
depends on the length of the region. Theoretically 
speaking, with a variable region of 25 oligonucleotide, 
425 different sequences (about 1,015) in the library are 
assumable. 

SELEX technique is a combinatorial chemistry 
method that was first introduced in 1990 and a great 
deal of development has been made in this field since 
then. At first, a single-stranded DNA library is mixed 
with a target protein; then, the DNA attached to the 
target protein is separated from the non-bound protein. 
It is then proliferated to generate a DNA library rich of 
a target anti-protein aptamer. This cycle is repeated for 
several times and by each turn, combined affinity to 
DNA in the library increases comparing with the last 
cycle. The process stops when the mixing tendency of 
the library stops growing, and the obtained library with 
highest mixing affinity is extracted as an aptamer resource. 
None of the problems in selection method or in-vivo 

generation are observed in this technique. Unlike antibody 
generation methods, structure and function of aptamer are 
preserved in this technique. In addition, SELEX technique 
is highly modifiable to achieve aptamers with desired 
specification, a feature that is not found in classic methods 
for generating antibodies. In addition, number and 
diversity of the variety in library and/or primary reservoir 
is higher comparing with antibodies [1, 3, 12, 13].

Small size: Comparing with antibodies, aptamers 
are small in size and this increases surface density of 
the receptor and enables easier binding to analytes. 
[14]. Moreover, aptamers are featured with advantages 
comparing with RNA interference (RNAi), which are 
listed in Table 2. 

Role of aptamer is diagnosing cancers
Specificity and high efficiency of aptamers have made 

them a useful option in dealing with cancer in terms of 
diagnosis and treatment. They can be used as molecule 
probes to diagnose new biomarkers of cancers. There are 
aptamers with anti-neoplasia activity against targets inside 
and outside cells and at cell membrane. The main area of 
using these aptamers is for extracellular and intercellular 
targets, which is thanks to relative ease of detecting the 
target and penetration [2-15].

Shangguan D et al. used a group of aptamers for 
specific detection of leukemia cells. The selected aptamers 
at nano- and picometer scale were able to specifically 
detect and bind with cancer cells mixed with normal cells. 
They used Cell-SELEX technique where aptamer was 
generated for the complete cells with different surface 
markers; then, the aptamers were specifically bound to 
cancer cells, selected, a proliferated. Afterward, specificity 
in diagnosing cancer cells was measured through marking 
the binding of the aptamers to the cell using florescent dye 
and flow cytometery. Unbound single-strand DNA source 
was also marked using florescent and used as negative 
control. Selection stage was simple and fast using small 
pieces of information [16].

Ferreira C.S.M et al. generated anti-protein recombinant 
MUC1 and measured binding capability of the aptamer to 
the protein using ELISA and surface plasmon resonance 
(SPR) methods. Using ELISA Sandwich method, the 
aptamer was utilized to diagnose and determine MUC1 
level in buffer solutions. The surveys showed efficiency 
of the generated aptamer as receivers for MUC1 with very 
small amount of the protein [15].

Chen HW et al. used an aptamer based method to 
diagnose molecular markers of specific small-cell lung 
cancer (SCLC) with very bad phenotypes. Aptamers of the 
SCLC cells were generated using Cell-SELEX technique. 
When used for different lung cancer cells, the aptamers 
were bound to SCLC cells with high affinity and specificity 
and when coagulated with florescent nano-particles, 
the compounds were effective in diagnosing and 
differentiating SCLC cells among other cells. The survey 
indicated importance and potential of aptamer technique 
for early diagnosis of lung cancer [17].

Aptamer selection and generation technique based 
on cells is highly promising in development of specific 
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NFkB is a nucleus transcription factor that plays a role 
in regulating several genes effective on apoptosis. The 
factor is a key mediator in cells inflammatory reaction 
that functions through generating cytokine. It appears that 
pre-inflammation stage, triggered by NFkB, plays a key 
role in progress of cancer [22-23].

Mi J et al. used an RNA aptamer known as Ad-A-P50 
that targets NFkB, which had been sensitized to apoptosis 
pathway depended on αTNF in vitro by adenocarcinoma 
of human lung [24]. In another study, they used the same 
aptamer to examine anti-tumor effect of Doxorubicin. 
Suppression of NFkB by the aptamer was coincident 
with increase in tumor response to the drug. This finding 
indicated possibilities of using the aptamers as a co-factor 
to improve cells’ response to chemotherapy [25].

VEGF is an epidermal growth factor with 
pre-angiogenesis effects such as mitogen activities on 
endothelial cells [26].

A notable advance in cancer treatment is generation 
and examination of an anti-VEGF RNA aptamer known 
as Pegaptanib. The aptamer is not a factor for treating 
cancer, however, examining its expression might lead 
to development of the first commercial aptamer and 
preparation of the ground for development of other 
aptamer for medical purposes. Anti-VEGF aptamers 
such as bevacizumab (Avastin) is a monoclonal antibody, 
which can be used as an anti-cancer medicine at clinical 
level [27].

Osteopontin is a glycoprotein factor that improves 
tumor cell invasion and its expression increases in 
several types of cancerous cells such as chest carcinoma 
and colorectal. Secretion of this factor increases during 
metastasis [27-28].

Mi Z et al. generated an RNA aptamer of OPNR-3 
type that suppressed signaling pathway of Osteopontin by 
entering chest cancerous cells. In addition, the aptamer 
caused notable decrease in tumor development and 
metastases in a xerograph model of chest cancer [29].

RAS is an effective oncogene in several types of cancer 
with notable role in apoptosis and controlling cell cycle. 
Tanaka Y et al. produced an anti-K-RAS RNA aptamer 
that prevented attachment of K-RAS to cellular membrane 
in vitro; K-RAS is needed for transfer of K-RAS signal. 
At any rate, there is a need for further in vivo and in vitro 
studies for thorough examination of suppressive effects 

molecule probes for diagnosing and selection of new 
cancerous biomarkers and affected cells [16].

Role of aptamers in diagnosing cancers 
Major advances in treating cancer using aptamers 

have been in nucleoline anti-protein aptamers. The 
protein weighs 76KD with variety of functions in the cells 
including rRNA transcription and processing, simulating 
and recombining DNA, and stabilizing mRNA. In 
addition, the protein is probably effective on angiogenesis 
of tumor and suppressing apoptosis [18-20].

Apparently, anti-nucleoline aptamer known as 
As-1411 has anti-neoplasmic effects. Suppressing effects 
against several lines of cancer have been demonstrated 
in vitro. There are speculation that As-1411 demonstrates 
anti-tumor activity in vitro and in xenograft model of nude 
murine tumor [20].

Another objective sought after in using aptamer is 
treatment of PDGF and β-type in particular. This factor 
plays a role in angiogenesis. Sennino B et al. examined 
the role of PDGF-β in growth of tumor in mice lung 
carcinoma and observed that suppressing PDGF- β led to 
decrease in concentration of veins. Their results showed 
that aptamer Ax-102 functions against PDGF- β and 
attenuates veins in the tumor up to 79% [21].

Probably, suppressing VEGF, angiotensin 2 (ANG2), 
and PDGF using aptamers as independent factors or 
combined treatment would be a part of anti-angiogenesis 
strategy in the future. 

Figure 1- SELEX Technique [11]

Aptamer Antibody
Generation time Less than eight weeks more or less using automatic method More than six months 
Specificity and combination affinity Very high High 
Target controlling capability High Low 1/200
Molecular weight 5-8kD 150kD
Immunogenicity and toxicity None observed Not possible 
Target molecule situation Intercellular and extracellular proteins Only extracellular 

proteins
Chemical structure variability Positive Negative 
Physical/chemical stability Stable Different 

Table 1. Comparing Specifications of Aptamer and Antibodies [2, 4, 7, 8, 11, 14]
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of the aptamer on K-RAS [30].
β-Catenin is a multi-purpose protein that plays a role 

in tumorigeneses and transcription of oncogenes such as 
Cyclin D1 and C-myc and regulating frequent processing 
of oncogene mRNA transcripts [31, 32].

LeeKh et al. used an anti- β-catenin RNA aptamer 
in colon cancer cells. The aptamer suppressed transcript 
of β-catenin in Cyclin D1 and C-myc and interrupted 
β-catenin sequenced process in cancer cells. In addition, it 
suppressed cell cycle and reduced cells’ tumor formation 
potential in vitro [32].

HER2 and HER3 are homologues of human epidermal 
growth factor receptor (EGF) that function as surface 
receptor with kinase activity and play a role in proliferation 
and differentiation. Over-expression of kinases in several 
solid tumors have been observed in breast and ovarian 
cancer. Suppressing them is considered as a key clinical 
intervention, as they are observed in Herceptin (HER2). 
Researchers in California University developed RNA 
aptamers that can bind to the 2nd extracellular of HER2 
and HER3. They determined a specific aptamer that 
can control HER2 and HER3 in breast cancer cells. 
The aptamer is a clinical element for developing cancer 
drugs [9].

Receptor tyrosine kinases (RTKs), in large number, 
play a role in signaling stage of cells growth and 
proliferation regulation of several cancers. Thereby, it 
is studied widely by cancer researchers. In this field, 
rearranged during transfection (RET) are notable. 
Germline mutation in RET gene induces permanent 
activity in the receptor and creates 2A and 2B multiple 
endocrine neoplasia (MEN) and thyroid carcinoma [33].

Cerchia L et al. developed an RET aptamer at 
cancerous cell surface, which not only binds to and 
diagnose RET, but also suppresses downstream RET [33].

Capability of aptamers for accurate targeting and ease 
of modifying and adjusting them have resulted in several 
new therapeutic and diagnostic methods based on the 
aptamers. In this regard, development of conjugates of 
nanoparticles-aptamer and/or using aptamer as carrier of 
drugs to cells (e.g. SiRNA chimera aptamer) are notable 
[34-36].

Huang YF et al. examined the effect of PDGF 
anti-marker of gold nanoparticle-aptamer conjugates on 
breast cancer cells. The cancer cells with more markers 
comparing with normal cell had more interactions with 
this conjugates and more gold particles entered these 
cells. The agents suppressed proliferation of cancer cells; 

however, they were ineffective on normal cells [34].
Dhar S et al. used an RNA aptamer of Prostate specific 

membrane antigen (PSMA) with a polylacticglycolic 
acid polymer EPG to add Cisplatin to prostate cancerous 
cells. Comparing with cisplatin used independently, the 
structure showed higher suppressing effects on cancer 
cells [35].

Wullner U et al. is a SiRNA chimera – non-valent 
aptamer- containing two anti-PSMA aptamers and one 
siRNA that suppresses eukaryotic elongation factor 2 
(EEF2) and induces apoptosis. This indicates that this 
factor can be considered as a target in cancer treatment. 
Chimera structure expresses PSMA antigen on cancerous 
cells and demonstrates toxic effects [36].

It is notable that macugene is the first FDA approved 
and successful aptamer-based drug, which actually is an 
anti-vascular endothelial growth factor (VEGF 165) for 
treatment of age related macular degeneration (AMD). 
Other aptamer drugs are at clinical or laboratory research 
phases. 

The reviewed studies indicated high potential and 
importance of aptamers in diagnosing and treating 
cancers. It is notable, however, that developing practical 
diagnosis or treatment methods using aptamers entails 
with further surveys and studies. 
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