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ABSTRACT 

 

 

Colorectal cancer is among the top four causes of cancer deaths worldwide. 

Carcinoembryonic antigen (CEA) is a complex intracellular glycoprotein produced by about 

90% of colorectal cancers. CEA has been identified as an attractive target for cancer research 

because of its pattern of expression in the surface cell and its likely functional role in 

tumorigenesis.  Research on the rapid selection of ligands based on the SELEX (sistematic 

evolution of ligands by exponential enrichment) forms the basis for the development of high 

affinity and high specifity molecules, which can bind to surface determinants of tumour cells, 

like CEA. The oligonucleotides ligands generated in this tecnique are called aptamers. 

Aptamers can potentially find applications as therapeutic or diagnostic tools for many kind of 

diseases, like a tumor. Aptamers offer low immunogenicity, good tumour penetration, rapid 

uptake and fast systemic clearence, which favour their application as effective vehicles for 

radiotherapy. In addition aptamers can be labeled with different radioactive isotopes. The aim 

of this work was select aptamers binding to the CEA tumor marker. The aptamers are 

obtained through by SELEX, in which aptamers are selected from a library of random 

sequences of synthetic DNA by repetitive binding of the oligonucleotides to target molecule 

(CEA). Analyses of the secondary structure of the aptamers were determined using the mfold 

toll. Three aptamers were selected to binding assay with target cells. These aptamers were 

confirmed to have affinity and specific binding for T84 cell line (target cell), showed by 

confocal imaging. We are currently studying the potential efficacy of these aptamers as 

targeted radiopharmaceuticals, for use as imaging agents or therapeutic applications. The 

development of aptamers specific to CEA open new perspectives for colorectal cancer 

diagnosis and treatment. ACKNOWLEDGMENTS: This investigation was supported by the 

Centro de Desenvolvimento da Tecnologia Nuclear (CDTN/Brazil) and Coordenação de 

Aperfeiçoamento de Pessoal de Nível Superior (CAPES/Brazil). 
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1. INTRODUCTION 

 

 

Cancer is a public health problem worldwide. It is a leading cause of death worldwide and 

accounted for around 13% of all deaths in 2008. Colorectal cancer was responsible for 

610.000 deaths in 2008 (1). In Brazil, among the various types of cancer, colorectal cancer is 

the third most common in both sexes; and is responsible for 28.110 new cases (13.310 men 

and 14.800 in women) estimated for 2010 (2). Although multiple kinds of managements in 

prevention, screening, treatment, and surveillance of this disease have been developed 

systematically in the last decades, the major cause of cancer mortality is most likely due to 

dissemination and distant metastasis (3). The main treatment of colorectal cancer is usually 

based on surgery, and when suggested combined with adjuvant chemotherapy and 

radiotherapy, which improves long-term survival (4). Although the chemotherapy has 

systematic toxicity, to reduce this risk, research with biomarkers on cancer cells recognized 

by exogenous target molecules were conducted. The radioimmunotherapy has been 

investigated extensively as a useful strategy for the treatment of a variety of neoplasms (3-6).  

 

Biomarkers are of great interest for diagnosis and therapy, once is founded on the principle of 

high -affinity ligand binding to molecules of interest. Since its first descriptionin 1965 (7), 

carcinoembryonic antigen (CEA) has become on of the best charactherized human tumor-

associated antigen. CEA levels are increased in 75% of patients with rectal tumors (8). Based 

on the National Comprehensive Cancer Networks (NCCN) standard, serum CEA levels 

should be measured every three months in the first 2 postoperative years to monitor disease 

progression. To find new binding molecules against CEA protein, we have used the SELEX 

method (systematic evolution of ligands by exponential enrichement) (9-10), this method 

make possible to obtain oligonucleotide with high affinity and high specifity (called 

aptamers) for a wide variety of targets (10). An aptamer is a selected nucleic acid binding 

species. Aptamers are selected from random sequence pools, and form three-dimensional 

structures with binding pockets comparable to those formed by proteins (like antibodies). 

There are several potential advantages over antibodies, being of a smaller size and a rapid 

process of development. As synthetic molecules, aptamers readily support site-specific 

modifications that maintain structure and activity. Aptamers offer good tumor penetration, 

low immunogenicity and rapid uptake, which favor their application as effective vehicles for 

radioisotopes (11-12). The aptamers acts as a vehicle for selective delivery of radionuclides to 

make images or destroy the tumor sparing the normal organs and tissues. This aptamers can 

be used as targeting agents in imaging and in radiotherapy, few examples of this kind of 

research can be found in literature, particularly in oncology (13).  

 

Here, we adopted the CEA tumor marker in SELEX strategy to develop aptamers with high 

affinity and specificity, which can be efficiently binding in cell surface of a tumor cells (like 

T84 cell line). We are currently studying the potential efficacy of these aptamers as targeted 

radiopharmaceuticals, for use as imaging agents or therapeutic applications. This aptamers 

can obtain important information about tumors including their size and location. 
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2. MATERIALS AND METHODS 

 

 

2.1. SELEX library  

 

 

The HPLC-purified DNA library contained two primers sites (necessary for PCR 

amplification) and a central randomized sequence of 40 nucleotides (5’ T CGC GCG AGT 

CGT CTG (40 random bases) CCG CAT CGT CCT CCC 3’). The library was synthesized by 

Integrated DNA Technologies. 

 

2.2. Selection aptamer by SELEX 

 

 

The ssDNA library (200pmol) dissolved in 400 μL of binding buffer (PBS 1x) was denatured 

by heating at 95ºC for 5 min, cooled on ice, incubated for 15 minutes at 4ºC and incubated to 

room temperature over 10 minutes before binding.  Prior to the addition of the CEA protein, a 

negative selection to remove any filter-binding species that may be in the pool were 

performed.  Then the concentration of target protein (CEA) and the ssDNA library used in 

which round was established  (table 1), protocol modified  by Ellington et al.(2010) (14).  

 

 

 

Table 1.  Process of selection of Aptamers against CEA 

 

Round ssDNA library concentration 

(pM) 

CEA concentration 

(pM) 

ssDNA:CEA 

1 800 80 10 

2 800 80 10 

3 800 80 10 

4 800 16 50 

5 800 16 50 

6 800 16 50 

 

 

 

The ssDNA library and the CEA protein were incubated in specific concentration for 1 hour 

at 37ºC in PBS 1x. After the binding the sample was filtered using Amicon® Ultra-0.5 

(Millipore) for 10 minutes at 14.000 x g, to segregate the binding of nonbinding aptamers. 

The filter was washed three times with PBS 1x and spin at 14.000 x g for 10 minutes, before 

recovered the binding aptamers by reverse spin.  
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2.3. PCR SELEX 

 

 

The sample of filtration containing binding sequences was amplified using the polymerase 

chain reaction (PCR). The specific primers forward (5’-TCGCGCGAGTCGTCTG-3’) and 

reverse (5’- GGGAGGACGATGCGG-3’) with or without biotin in 5’ were used in the PCR 

for the synthesis of double-stranded DNA molecules. 

Amplification was carried out for 15 cycles, each consisting of 95ºC for 30 seconds, 55ºC for 

30 seconds and 72ºC for 30 seconds; followed by 72ºC for 4 minutes. The reaction mixture 

containing 90 μL (PCR buffer 1 x, 1,5 mM MgCl2, 0,25 mM dNTP, 0,4 μM of each primer 

cited above and 5 U of Taq DNA polymerase) were added to the filtration sample. The 

expected size of PCR amplicon is 71 pb. The PCR products were resolved by electroforesis in 

2% agarose gel, stained with ethidium bromide, and visualizes under ultraviolet light system. 

 

 

2.4. Purification of single straing of aptamers 

 

 

The obtained dsDNA sequences were then separated into single stranded form using the 

Streptavidin Magnetic Beads (Biolabs) following the manufacturer’s protocol. Briefly, a 125 

μL suspension of the beads was washed three times with single concentration binding buffer 

(0,5 M NaCl, 20 mM Tris-HCl and 1 mM EDTA pH= 7,5). The cleaned beads were then re-

suspended in 100 μL of dsDNA and was allowed to react at room temperature for 10 minutes 

under gentle hand shaking to ensure all dsDNA was propely bound to the magnetic beads. 

The beads were then washed two times with 100 μL of binding buffer. The beads were re-

suspended in 100 μL low salt buffer (0,15 M NaCl, 20 mM Tris-HCl and 1 mM EDTA, pH 

7,5). The beads were re-suspended once more in 50 μL elution buffer (10 mM Tris-HCl, 1 

mM EDTA, pH 7,5) and left 2 minutes at temperature room to release the desired ssDNA 

from its complement that remained bound to the magnetic beads which were removed from 

the solution.  After each round of purification of ssDNA was carried out a new process of 

selection, starting by incubation with CEA protein. 

 

 

2.5. Cloning and sequencing 

 

 

The DNA pool obtained after the sixth round of selection was subjected to PCR amplification 

with non-labeled primers. The conditions were modified to accommodate further cloning and 

sequencing of the obtained DNA pool. The PCR products were cloned into pCR 4 TOPO by 

using TOPO TA Cloning® Kit (Invitrogen). High efficiency, Escherichia Coli TOP10F’ were 

transformed using the vectors containing DNA fragments of interest. Thirty colonies were 

then chosen at random for sequencing using MegaBACE DNA Analysis Kit (Amershan 

Biosciences) with  the DYEnamic ET dye Terminator Cycle. The M13 primers were used for 

sequencing. 

 

 

 

 

 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

2.6. Secondary Structure predition of aptamers 

 

 

The secondary structure of the selected aptamers was analyzed using mfold program, by acess 

for the eletronic address http://www.bioinfo.rpi.edu/applications/mfold  (15). 

 

 

2.7. Colorectal Cell Line 

 

 

T-84 cells were purchased from ATCC and cultured in DMEM (Gibco) with 10% FBS (fetal 

bovine serum; Gibco) and antibiotics (200 mM glutamine, 100 ug/mL streptomycin and 100 

U/mL penicillin; Gibco). All cultures were kept in a humidified incubator with 5% CO2 at 

37ºC. 

 

 

2.8. Confocal Imaging of Cell Bound with Aptamer 

 

 

For confocal imaging, the aptamer was labeled with FAM. Cells grown on coverslip were 

washed twice with PBS, fixed with paraformaldehyde for 10 minutes, washed again with 

PBS, and then incubated with 50 pMol of FAM-labeled aptamers in 100 μL of binding buffer 

containing 20% FBS on ice for 1 hour. After incubation cells were washed three times with 

PBS. Images were analyzed using a confocal laser-scanning microscope (CLSM Bio-Rad 

1024). Specimens were serially excited at 488 nm and observed at 505 550 nM to detect 

FAM. Data were processed with Adobe Photoshop 5.5 software. 

 

3. RESULTS AND DISCUSSION 

 

 

3.1. Selection of aptamers 

 

 

After the incubation of ssDNA library with the CEA protein, the ssDNA binding CEA were 

segregate by filtration and amplified by PCR. Figure 1 shows a gel electrophoresis analysis of 

the PCR products obtained after each round. In the rounds 1-5 were used primers labeled with 

biotin, to permit the purification of ssDNA using Streptavidin Magnetic Beads. The sample 

of sixth round was amplified with non-labeled primers to accommodate further cloning in 

pCR4-TOPO plasmid (Figure 2).  
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Aptamers 

 

 

 

Figure 1.  Amplification of aptamers by PCR. 

Product of amplification (amplicon: 71pb) of 

aptamers in the six rounds of selection (1-6).  

 

 

 

 
Figure 2.  Molecular map of pCR4-TOPO. 

Restriction sites are labeled to indicate the 

cleavage site, can be observed the sequence of  

priming site of M13 and the resistance gene for 

Kanamycin and Ampicilin. 

 

 

 

3.2. Analyses of aptamers sequencing 

 

 

The enriched aptamers pools were cloned by using TOPO TA Cloning® Kit after the sixth 

round. The product of recombination was used to transform E. coli TOP10F’ and 30 random 

colonies that grew in LB-agar/Kanamycin medium were sequenced. Their sequences are 

given in Table 2. Three clones namely Apta1, Apta2 and Apta 3 were selected and 

synthesized for further characterization with respect to affinity and specificity. 
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Table 2.  Sequences of aptamers remaining after six rounds of selection. Only The 

random region (40 nucleotides) is given. Some bases are blocked for future security of 

patent. 

 

Clone Sequência da região randômica (5’ – 3’) 

Apta1 GGGGCGACGTTGAGATTCCGCTTGTGTATTAGTAGTCCCC 

Apta2 GGGACGTCAGGAGTCCGACTGCGTGCACGCTGGCCTCCCC 

Apta3 GGGGGGTGTATCGTTGACGAGTTGCGCGTGCGTCTCGTG 

Apta4 GGGAACCATCGAGTTACACCGACCTTCTATGTGCGGCCCC 

Apta5 GGAGCTACGTTTAGCGAGTCCGACGCTCGGTGCCTCTTC 

Apta6 GAGCGGGGCCACCAGCCTAGCCTACCCCCCCACGCCCCCC 

Apta7 GGGCCAAACTACCTGAGACGTCACCTTAGTTCCGTTCTCC 

Apta8 GGGTGACCTGGCCGCTGCAGCCCCTCATACTCCCTCTCCCC 

Apta9 GGGAGCTTACCGCGTCACTAGCGAGGAGCGGGTTCCCATC 

Apta10 GGGACCTGCTAGGTTATAGCTTATTTAGCTCCCCCTCCCC 

Apta11 GGGAGGTCCATGGGGATCCCCGCGGTAGCGCCCTGCCCCC 

 

 

 

3.3. Secondary structure of aptamers 

 

 

Analyses of the secondary structure of the aptamers using the mfold program showed a 

variable structure between the different clones. Emphasizing that the constant regions of 

primers also showed variable localization (data not shown). The structure of aptamers Apta 1, 

Apta 2 and Apta 3 are showed in figure 3, 4 and 5, respectively. Since only this aptamers 

were used in immunofluorescence assay for binding study. Without the constant regions the 

structure of Apta 1 and Apta 2 were conservaded (Figure 3B and 4B), but in the others 

aptamers when the constant regions was taken the sctructure was modified.  
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Figure 3.  Secondary structure prediction of Apta 1. 

Structure with (A) and without (B) constant regions. 

The structures were determined using the mfold 

tool. 
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Figure 4.  Secondary structure prediction of Apta 2. 

Structure with (A) and without (B) constant regions. 

The structures were determined using the mfold 

tool. 

 

 

 

 
Figure 5.  Secondary structure prediction of Apta 3. 

Structure with (A) and without (B) constant regions. 

The structures were determined using the mfold tool. 
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3.4. Binding Assay with Target Cells – T84 

 

 

Three aptamers sequences (Apta 1, Apta 2 and Apta 3) were chosen for characterization of 

binding with T-84 cells, once this cells have a high expression of CEA protein in the cell 

surface. The binding assay of this selected aptamers with the target cell were performed by 

using immunofluorescence.  Confocal images showed in figure 6 confirmed the binding of 

FAM-labeled aptamers Apta 1, Apta 2 and Apta 3 with T84 cells. This cells presented very 

bright fluorescence on their surface, whereas the adipose stem cells (negative control) 

displayed weak fluorescence (data not shown).  

 

 

    Fluorescent       Transmited 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Evidence of binding selected aptamers with 

T84 cells. Confocal imaging of T84 cells stained by 

FAM-labeled aptamers (Apta 1, Apta 2 and Apta 3). Left 

panel shows fluorescent image and right panel shows 

transmission image. 
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4. CONCLUSIONS  

 

We have successfully selected DNA aptamers with affinity by CEA protein using SELEX 

procedure. The development of aptamers specific to CEA open new perspectives for 

colorectal cancer diagnosis and treatment, based on the principle that radioisotope-labeled 

anti-tumor aptamers can specifically bind to the corresponding tumor-specific antigens.   
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