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ABSTRACT 

Single-stranded DNA aptamers recognizing CD70 molecule overexpressed in some tumor cell lines was 

isolated by means of systematic evolution of ligands by exponential enrichment (SELEX). Both purified 

CD70 protein and CD70-expressing cells were used to isolate target-specific aptamer. After certain 

rounds of protein-based SELEX and cell-SELEX (ten and seven rounds, respectively), Aptamer 928 

(hereafter Apt928) with high affinity and specificity for CD70 was obtained. The specific binding of the 

aptamer to its target could block interaction of CD70 with CD27 (known as CD70 receptor). Dissociation 

constant of Apt928 was calculated to be 66 nmol L-1. Moreover, ATTO 674N-labeled Apt928 was 

applied as a fluorescent aptasensor for rapid and sensitive detection of SKOV-3 cells as CD70-positive 

cells. The detection limit of this aptasensor was 14 cells mL-1. 
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1. Introduction 

Nucleic acid aptamers are short single-stranded oligonucleotides which have high affinity and 

specificity for their targets. They are screened from DNA/RNA libraries containing 10
14

 to 10
15

 random 

sequences via a method called SELEX (Systematic Evolution of Ligands by EXponential enrichment). In 

this method, a chemically synthesized oligonucleotide library is incubated with target molecules. After 

removing unbound sequences, desired sequences with high affinity toward their target are amplified by 

polymerase chain reaction (PCR) and additional rounds of selection are performed to enrich the initial 

pool of oligonucleotides [1, 2]. Aptamers are known as suitable substitution for antibodies because of 

their advantages over antibodies, including higher stability, easier synthesis and modification and lower 

immunogenicity [3, 4]. Additionally, aptamers show high affinity and specificity for a wide range of 

molecules such as  metal ions [5], small molecules [6] and organic dyes [7]. However, these molecules do 

not elicit a strong immune response, thus it is difficult to identify and generate antibodies against all of 

these molecules. Furthermore, small size of aptamers (20-80 nucleotides in length) enables them to 

penetrate into their targets more efficiently than antibodies [8]. On account of all these excellent 

characteristics, aptamers have been broadly employed in preclinical and clinical cancer research in the 

fields of sensors [9], therapeutics [10, 11] and targeted drug delivery [12].  

The noninvasive early detection of cancer can result in better prognosis and increase life expectancy 

of patients. Both proteomics and bioinformatics have contributed to the discovery of an increasing 

number of tumor cells biomarkers [13]. After tumor cell biomarkers discovery, a sensitive and selective 

method is needed to recognize the biomarkers. Although antibodies have been extensively used to achieve 

this goal for decades, they exhibit drawbacks in biomedical and biological applications. For instance, 

antibodies undergo irreversible denaturation following exposure to temperature changes [14]. Hence, 

there has been a propensity for introducing alternative probes. Aptamers with unique properties 

mentioned above have been proposed as promising probes for various biomarker recognition-based 

applications. 

CD70, a type II transmembrane protein, is a member of the tumor necrosis factor (TNF) superfamily 

whose expression is tightly regulated and has not been reported on any normal non-hematopoietic cells 

until now. Among the hematopoietic lineages, CD70 expression is only transiently restricted to activated 

T and B cells as well as on mature dendritic cells (DCs) [15, 16]. Interaction of CD70 with its receptor 

(CD27) can promote the accumulation of cytotoxic effector T cells, memory T cell formation and plasma 

cell differentiation [17, 18]. In pathologic conditions, CD70 is overexpressed in a variety of tumor cells 

including ovarian carcinoma cell lines [19], renal cell carcinoma [20], glioblastoma [21] and malignant B 



cells [22]. Therefore, the design of sensing agents that are able to recognize and bind to this tumor marker 

can assist cancer diagnosis. 

In the present study, we used bead-based protein SELEX method to isolate a new aptamer that 

specifically binds to CD70 with high affinity. Cells overexpressing CD70 on their surfaces were used as 

target in cell-SELEX to enrich the selected aptamers. The employment of both purified protein and cells 

which is called hybrid-SELEX, has been previously introduced to develop Tenascin-C specific RNA 

aptamers [23].  Moreover, the screened aptamer (Apt928) was conjugated with a fluorescent dye to 

generate a fluorescent aptasensor for the detection of CD70 positive tumor cells.  

2. Materials and methods 

2.1. Chemicals and materials 

Human recombinant protein CD70-his Tag (Cat No = P6144) was purchased from Abnova (Taiwan). 

Human recombinant protein CD27-Fc-His Tag (Cat No = 10039-H03H) was obtained from 

SinoBiological (China). Human recombinant programmed death-ligand 1 (PD-L1/CD274) His-tagged 

protein (Cat No = 10084-H08H) and human recombinant IL2Ra/CD25 protein-His Tag (10165-H08H) 

were purchased from Sinobiological (China). Anti-CD70 FITC-conjugated antibody (sc65271) and PE-

labeled anti-human Fc antibody (Cat No = 409303) were purchased from Santa Cruz and Biolegend, 

respectively. The synthetic single-stranded DNA (ssDNA) library containing a sequence with 43 random 

nucleotides (5′-GCTGTGTGACTCCTGCAA-N43-GCAGCTGTATCTTGTCTCC-3′) and both forward 

and reverse primers (5′-GCTGTGTGACTCCTGCAA-3′ and 5′phosphate-

GGAGACAAGATACAGCTGC-3′, respectively) [24, 25] were purchased from Bioneer Company 

(South Korea). ATTO 647N-labeled oligonucleotides were provided by Microsynth Company 

(Switzerland). PCR reagents were ordered from SinaClon (Iran). Lambda exonuclease (#EN0562), Gene 

JET Plasmid MiniPrep Kit (#K0502) and InsTAclone PCR Cloning kit (#k1214) were obtained from 

Thermo Fisher Scientific (USA). NucleoSpin PCR clean-up and gel extraction kit was bought from 

Macherey-Nagel (Germany). Magnetic beads (#36111) and nickel-nitrilotriacetic acid (Ni-NTA) HisSorb 

Stripes (#35023) were ordered from Qiagen Company (Germany). All other chemicals, such as NaCl, 

KCl, Na2HPO4 and K2HPO4 were supplied by Merck Company (Germany). 

2.2. Cell Lines 

SKOV-3 cell line (human ovarian carcinoma) was purchased from the Pasteur Institute of Tehran, 

Iran. A2780 cell line (human ovarian carcinoma) was kindly provided by Dr. F. H. Shirazi, Shaheed 

Beheshti Pharmacy School, Tehran, Iran. All cell lines were cultured in RPMI 1640 medium (Biosera, 



Inc) supplemented with 10% fetal bovine serum (Gibco) and 100 U mL-1 penicillin-streptomycin 

(Invitrogen). Cell lines were incubated at 37°C under a 5% CO2 atmosphere.  

2.3. Immobilization of human recombinant CD70-his tag protein 

Homogeneous Ni-NTA magnetic beads (20 μL) were washed twice with 50 μL of phosphate buffered 

saline with tween (PBS-T) (50 mmol L-1 K2HPO4, 150 mmol L-1 NaCl and 0.05% Tween-20, pH 7.5). 

Then, beads were resuspended in PBS-T (90 μL) and CD70-his tag protein (5 μg) was added and 

incubated in shaker for 30 min at 4°C. The complex of protein CD70-bead was then washed three times 

with 200 μL of PBS-T, and stored at 4°C until use.  

2.4. In vitro aptamer selection (ligand SELEX) 

In the first round of selection, 1 nmol of initiating ssDNA library was diluted into 100 μL of PBS-T 

containing 1 mg mL-1 bovine serum albumin (BSA) and heated to 95°C for 5 min. Then, the heated 

library was immediately placed in an ice bucket for 20 min and diluted in 5 mL binding buffer (50 mmol 

L-1 K2HPO4, 150 mmol L-1 NaCl, 0.05% Tween-20, BSA 1 μg mL-1, 0.1 mg mL-1 yeast tRNA, pH 7.5). 

CD70-bead conjugate was then added to this mixture and incubated at room temperature for 45 min with 

gentle shaking. In order to remove the unbound sequences, tube was placed under a magnetic field 

(Dexter) and beads were washed three times by 1 mL of PBS-T. Proteins and bound aptamers were eluted 

from the Ni-NTA magnetic beads by adding 10 μL of elution buffer (20 mmol L-1 Tris pH 7.5 containing 

500 mmol L-1 imidazole). The eluted oligonucleotides were amplified by PCR (5′-phosphorylated reverse 

primer was used at PCR mixture). The amplification steps were as follows: pre-denaturation at 94°C for 5 

min, denaturation at 94°C (30 s), annealing at 60°C (30 s) and elongation at 72°C (30 s), for the final 

extension, the reaction was done at 72°C for 3 min. To determine the optimum cycle of PCR with no non-

specific bonds and primer-dimer products, all amplicons were analyzed by agarose gel electrophoresis. 

The collected ssDNA from the first round of selection was amplified at the optimum cycle of PCR and 

purified by NucleoSpin PCR clean-up purification kit (Macherey-Nagel, Germany), according to the 

manufacturer's instructions. All purified double-stranded DNAs (dsDNAs) were converted to ssDNAs 

upon digestion of 5′-phosphorylated anti-sense strand by means of Lambda exonuclease enzyme. The 

ssDNA was then purified by use of NucleoSpin PCR clean-up purification kit (Macherey-Nagel, 

Germany) and ssDNA concentration was measured using a NanoDrop spectrophotometer (NanoDrop 

UV-Vis spectrophotometer, USA). The purified ssDNA was applied for the next round of SELEX. By 

decreasing the amount of target protein, bead and the incubation time to 20 min on one hand and 

increasing the washing number and time, on the other hand, more stringent conditions were imposed on 

selection process to isolate aptamers with high affinity and specificity in the next rounds. To remove Ni-



NTA magnetic beads binding aptamers, counter SELEX was performed after third round of selection. In 

brief, 20 μL of magnetic beads were added to 1 mL of eluted ssDNA in PBS-T and incubated for 45 min 

at room temperature and the supernatant was then collected for the next round. 

2.5. Aptamer enrichment assay 

After 10 rounds of selection, the degree of enrichment of obtained ssDNAs for binding CD70 was 

evaluated by flow cytometry analysis. Amplification of DNA library and sequences of 3
rd

, 9
th
 and 10

th
 

rounds were done using ATTO 647N-labeled forward primer and 5′-phosphorylated reverse primer. All 

resulting dsDNAs were treated with lambda exonuclease enzyme to generate ssDNAs. 1500 ng of ssDNA 

from each round was added to CD70-bead conjugates (1 μg of protein) and incubated at room temperature 

for 30 min with mild shaking. After incubation, all tubes were washed twice with washing buffer (50 

mmol L-1 K2HPO4, 150 mmol L-1 NaCl, 0.05% Tween-20, pH 7.5) and resuspended in it. After that, the 

bead-protein complexes were subjected to flow cytometry to select the round for which the highest 

fluorescence intensity was obtained. The best round in terms of fluorescence intensity was selected for 

cell-SELEX. 

2.6. Cell-SELEX 

This process was performed on SKOV-3 cell monolayers at 4°C (to minimize the aptamer 

internalization and enzymatic digestion). SKOV-3 cell line was cultured in a culture dish 100 mm × 20 

mm (Thermo Scientific Nunc Cell Culture Dishes) and allowed to form a monolayer at 37°C in RPMI 

medium 1640 (Biosera, Inc) containing 10% FBS and 100 U mL-1 penicillin-streptomycin. Cells were 

washed twice with cold phosphate buffered saline (PBS) before adding the ssDNAs obtained from the 9
th
 

round. The sequences (1500 ng) were heated and cooled under the same condition as applied in ligand 

SELEX. The monolayers cultured cells with at least 90% confluency were incubated with prepared 

oligonucleotides along with yeast tRNA and sonicated salmon sperm DNA at 4°C for 45 min with 

continuous mild shaking. After incubation, the cells were washed twice with washing buffer (cold PBS). 

The cells were detached by a cell scraper (SPL Life Sciences) and transferred into a 1.5 mL tube. Cell 

suspension was heated at 95°C for 10 min and oligonucleotides were recovered by centrifugation at 

13000g for 5 min. The obtained DNA pool was amplified using PCR and employed for the next round of 

cell-SELEX. Seven rounds of cell-SELEX were performed, followed by flow cytometry to evaluate the 

enrichment of obtained ssDNAs. Accordingly, DNA library and 1
st
, 4

th
 and 7

th
 rounds were amplified and 

prepared under similar conditions used in the enrichment assay. SKOV-3 cells were cultured in a 12-well 

plate (SPL Life Sciences) to reach at least 90% confluency. The cells were washed twice with cold PBS 

and incubated with oligonucleotides at 4°C for 30 min. Each well was then washed with cold PBS and 



scraped. The scraped cells were transferred into the flow cytometry tubes and signal intensity of each tube 

was measured by flow cytometer.  

2.7. Cloning and sequencing  

The cloning was carried out using an InsTAclone PCR Cloning kit according to the manufacturer's 

instruction (Fermentas, WI, USA) in Escherichia coli Top 10. Fifty colonies were selected and plasmids 

were extracted and purified by Gene JET Plasmid Miniprep kit (Bioneer, South-Korea). Purified plasmids 

were sequenced by Bioneer Company (South-Korea). Using DNAMAN software, analysis of sequenced 

aptamers was performed. In addition, secondary structures of selected aptamers were drawn by the M-fold 

web-based software. 

2.8. Aptamer binding to CD70-expressing cell lines  

Two cell lines including SKOV-3 and A2780 were washed with PBS. Staining was performed by 

adding ATTO 647N-labeled Apt928 to these cells. After incubation at 37ºC for 30 min, the cells were 

washed with PBS and analyzed using flow cytometry. 

2.9. Specificity evaluation of the selected aptamer 

To assess the specific binding of the selected aptamer (Apt928) to its target (CD70), the ATTO 

647N–labeled Apt928 was separately incubated with CD70, PD-L1 and CD25-coated magnetic beads (the 

final concentration of each protein was 100 nmol L-1). The beads were washed twice with 500 µL of 

washing buffer and suspended in 300 µL of washing buffer. The signal intensity of each tube was 

analyzed by flow cytometry. 

2.10.  Blocking assay 

To further confirm the Apt928 specific binding to CD70, the target cells (SKOV-3) were incubated 

with aptamer (100 nmol L-1) for 30 min at 37ºC. Then, 100 ng of Fc-tagged CD27 human recombinant 

protein was added to the cells and incubated for 30 min. The cells were then washed and subjected to PE-

conjugated anti-Fc antibody for 30 min. In parallel, CD27-Fc protein was directly added to the cells 

followed by washing steps and antibody exposure without treatment with Apt928. The cells were washed 

and resuspended in 400 µL of washing buffer. The fluorescence intensity of aptamer-treated cells was 

compared with those without aptamer treatment.  

2.11.  Determination of dissociation constant of aptamer 



Binding affinity of Apt928 to CD70 was measured by incubation of CD70 protein (375 ng)-bead 

conjugates with different concentrations of aptamer in 250 µL of binding buffer at 22ºC for 30 min. Beads 

were then washed twice with 500 µL of washing buffer, resuspended in 300 µL of washing buffer and 

subjected to flow cytometry analysis. The equilibrium dissociation constants (Kd) for Apt928-CD70 

interaction was obtained by fitting the dependence of fluorescence intensity of specific binding (Y) on the 

aptamer concentration (X) using the equation (Y = B max X/(Kd + X)).   

2.12.  Aptamer-based detection of tumor cells 

For biosensing of SKOV-3 cells by ATTO 647N–labeled Apt928, varying numbers of SKOV-3 cells 

from 10 cells up to 10
5
 cells were incubated with ATTO647N–labeled Apt928 (final concentration of 50 

nmol L-1) at 37ºC for 1 h. After washing, the cells were suspended in washing buffer and analyzed using 

flow cytometry. 

3. Results and discussion 

3.1. Aptamer isolation and characterization 

Isolation of ssDNA aptamers with the capability of recognizing and binding to CD70 molecule was 

performed using protein-based SELEX followed by cell-SELEX from a pool of about 10
15

 different 

sequences each comprising 43-base random region flanked by two constant primer-binding regions. In 

protein-based SELEX with the aid of His tag/Ni-NTA interaction, His tag-CD70 recombinant protein was 

covalently conjugated to Ni-NTA magnetic agarose beads. After immobilization, synthetic library was 

incubated with bead-protein complexes and bound sequences were separated from either weakly bound or 

unbound ones by multiple washing steps. The bound aptamers were then eluted by adding imidazole and 

amplified by PCR to obtain an enriched pool used for the next round of selection (Fig. 1). After 

purification of the PCR products, double-stranded sequences were converted to ssDNAs using lambda 

exonuclease. Selection pressure was gradually enhanced through consecutive selection rounds by adding 

salmon sperm DNA, decreasing protein concentration and incubation time with the target, increasing 

washing time and steps and increasing beads concentration during counter SELEX rounds [24]. The 

progress of aptamer enrichment during SELEX was monitored using flow cytometry. Fluorescence 

intensities of control, library and rounds 3, 9 and 10
 
were measured. Since aptamer enrichment began to 

decrease at 10
th 

round, the selection process was discontinued and round 9 was chosen for cell-SELEX 

(Fig. 2). The significant decrease in binding of 10
th
 round sequences to CD70 protein can be contributed 

to PCR bias during PCR amplification, resulting in loss of high-affinity and high-specificity sequences 

[26]. Previous studies demonstrated that CD70 is highly expressed by SKOV-3 and to a lesser extent by 

A2780 cell lines [19]. Therefore, SKOV-3 cell was chosen as a CD70-overexpressing cell line for cell-



SELEX process wherein SKOV-3 cells were incubated with all obtained ssDNAs of 9
th
 round of ligand 

SELEX. This process was repeated up to 7
th
 round until the enrichment reached a plateau (Fig. 3). Then, 

the sequences of round 7 of cell-SELEX were cloned. Fifty clones were selected for sequencing. The 

sequences were analyzed by DNAMAN software and according to their homology and phylogenic tree, 

three sequences were chosen. The selected sequences were synthesized and conjugated with ATTO 674N 

fluorescent dye. Fluorescently labeled aptamers were tested in terms of their binding ability to CD70 

molecule. 

 

3.2. Evaluation of aptamer binding and specificity to target 

One sequence out of three synthesized sequences namely Apt928 (5′ 

GCTGTGTGACTCCTGCAAGCGGGAAGAGGGCAGGGGAGGGAGGGTGACGCGGAAGAGGCA

AGCAGCTGTATCTTGTCTCC 3′) showed the best performance in recognizing and binding to CD70-

expressing cells. SKOV-3 and A2780 cells were subjected to flow cytometry analysis. As shown in Fig. 4 

A and B, Apt928 could detect and bind to CD70 expressed on the surfaces of two mentioned cell lines 

with higher affinity compared to library sequences. Considering that the level of CD70 is higher in 

SKOV-3 compared to A2780 on one hand, and higher binding affinity of Apt928 to SKOV-3 compared to 

A2780 cells on the other hand, we concluded that the target of Apt928 on SKOV-3 cells surface was 

CD70 molecule. 

To determine the specificity of Apt928, its binding strength to CD70 and non-target recombinant 

proteins including CD25 and PD-L1 was investigated using fluorescent assay. The flow cytometry results 

indicated that Apt928 possessed higher affinity toward CD70 in comparison with CD25 and PD-L1 

proteins (Fig. 5). Blocking assay results provided further confirmation of aptamer specificity to target. 

Pre-incubation of CD70 positive cells (SKOV-3) with aptamer led to lesser binding of Fc-tagged CD27 

(as a receptor for CD70) to CD70, resulting in lower fluorescence intensity upon addition of anti-Fc PE-

conjugated antibody compared to the situation where the cells were not treated with Apt928 (Fig. 6). 

These results verified that Apt928 could specifically bind to CD70 and inhibit CD70-CD27 interaction as 

well. 

 

3.3. Kd determination of aptamer 



Dissociation constant (Kd) of isolated aptamer for CD70 protein was determined by incubation of 

varying concentrations of fluorescently labeled Apt928 with bead-protein conjugates. Using non-linear 

regression analysis, the Kd value was determined to be 66 nmol L-1 at 22ºC (Fig. 7). 

 

3.4. Tumor cells detection ability of Apt928 

Early detection of cancer can improve clinical outcome for many tumors. Hence, many efforts have 

been made to develop early detection strategies. To date, various tumor cell detection methods including 

PCR-based methods, cytometric methods and cell enrichment methods have been introduced. Although 

these methods take advantages of high sensitivity and broad applicability, they suffer from their own 

limitations such as long time of detection/processing, need for sophisticated instrument and high expenses 

[27]. Thus, the need for an inexpensive, rapid and simple tool with high sensitivity and specificity for 

detection of cancer cells is inevitable. Aptamers can fulfill all these requirements. The ease of production 

and implementation, high sensitivity and specificity, low toxicity and immunogenicity and versatility in 

application are the advantages of aptamers compared to other molecular probes [4, 28].  In this study, 

various number of target cells (SKOV-3) were incubated with a fixed concentration of aptamer (50 nmol 

L-1). The mean fluorescence intensity of each condition was measured and accordingly, an appropriate 

linear range from 10 to 10
5
 cells per 100 µL was observed (Fig. 8). The limit of detection (LOD) of 

sensor was 14 cells mL-1 (3σ/slope, where σ was the standard deviation of blank response, n = 3). In 

comparison with other detection methods listed in Table 1, the robustness of Apt928 (detection of SKOV-

3 cells as low as 14 cells mL-1) introduces it as a potential probe for the development of different 

aptasensors for detection of CD70 positive tumor cells. 

 

Conclusion 

In the present study, a novel ssDNA aptamer (Apt928) with high affinity for CD70 was successfully 

isolated using protein-SELEX followed by cell-SELEX. The selected aptamer possessed high affinity (Kd 

value of 66 nmol L-1) for target molecule. Not only Apt928 could specifically bind to CD70, but it could 

also block the interaction of CD70 with respective receptor (CD27). Furthermore, the results indicated 

that the aptamer was able to detect tumor cells with detection limit of 14 cells mL-1. All these findings 

signify applicability of Apt928 as an aptasensor for cancer cell detection. 
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Fig. 1. Schematic illustration of protein-magnetic bead-based SELEX. The DNA aptamer library consists of a 

central region of random sequence (43 nucleotides in length) flanked by two fixed sequences (18 and 19 nucleotides 

in length) which enable primer annealing during amplification step of PCR. The SELEX procedure is performed by 

the repetition of consecutive steps of incubation, binding, partitioning, elution and amplification.  In the first round 

of SELEX the library and magnetic bead-target complexes are incubated for binding. The bound sequences are 

separated from unbound ones by a magnetic field. The obtained oligonucleotides are collected and amplified using 

PCR to enrich the aptamer pool. The amplified sequences are then used for the next round of selection. After 

confirmation of aptamer enrichment for binding to target, cloning and sequencing steps are carried out. 

  



 

Fig. 2. Evaluation of aptamer enrichment for binding to protein CD70 after 10 rounds of protein-based SELEX. All 

sequences were labeled with ATTO 647N. Red: control, blue: library, dark green: 10
th

 round ssDNAs, orange: 3
rd

 

round ssDNAs, light green: 9
th

 round ssDNAs. 

 



 

Fig. 3. Evaluation of aptamer enrichment for binding to CD70 at the surface of SKOV-3 cell using cell-SELEX. 

Red: control, blue: library, orange: 1
st
 round, light green: 4

th
 round, dark green: 7

th
 round. 

 



 

Fig. 4. (A) Binding of Apt928 to CD70 expressed on the surface of SKOV-3 cell line. Red: control, blue: library, 

green: Apt928. (B) Binding of Apt928 to CD70 expressed on the surface of A2780 cell line. Red: control, blue: 

library, orange: Apt928. 

 

Fig. 5. Specificity evaluation of Apt928 for CD70 protein. Red: control (bead alone), Dark green: Bead-Aptamer, 

Orange: Bead-Protein PD-L1-Aptamer, Light green: Bead-Protein CD25-Aptamer, Dark blue: Bead-Protein CD70-

Aptamer. 



 

Fig. 6. Further confirmation of specific binding of Apt928 to CD70 through blocking assay. Pre-incubation of 

SKOV-3 with aptamer could prevent CD27 binding (CD70 receptor) to CD70. Light blue: unstained SKOV-3 cells, 

red: SKOV-3 cells pre-incubated with Apt928, dark blue: SKOV-3 cells without Apt928 treatment. 

 



 

Fig. 7. Kd determination through binding analysis of Apt928 to beads coated with CD70 protein using flow 

cytometry. Based on non-linear regression analysis (the equation Y = B max X/(Kd + X)) the Kd value of Apt928 

was calculated to be 66 nmol L-1 (n = 2). 

 

Fig. 8. Relative fluorescence intensity of ATTO 647N–labeled Apt928 after incubation of a fixed concentration of 

aptamer with varying numbers of SKOV-3 cells. F = the average of mean fluorescence intensity of tumor cells 

treated with aptamer, F0 = the average of mean fluorescence intensity of the tumor cells without aptamer treatment 

(n = 3). 
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Table 1. Comparison of different cancer cell detection methods. 

Methods Materials  Aptamer(s) Target 

cells 

Detection limit References 

Electrochemical impedance 

spectroscopy (EIS) 

Graphene AS1411 HeLa 794 cells mL-1 [29] 

Aptamer-based sandwich 

structure 

ssT7RNA 

polymerase 

promoter 

sequences 

MUC- 1 

Aptamer   

MCF-7  500 cells mL-1 [30] 

Electrochemiluminescence 

(ECL) 

AuNP graphene 

complex 

MUC-1 

Aptamer 

MCF-7 230 cells mL-1 [31] 

Aptamer-based 

microcantilever biosensor 

microcantilever 

array 

TLS11a 

Aptamer 

HepG2 300 cells mL-1 [32] 

ECL Graphene 

oxide/Au 

composites 

MUC-1 

Aptamer 

MCF-7 38 cells mL-1 [33] 

Localized Surface Plasmon 

Resonance (LSPR) 

Gold nanorods MUC-1 

Aptamer 

MCF-7 100 cells mL-1 [34] 

aptamer-nanoparticle strip 

biosensor (ANSB) 

gold 

nanoparticles 

(Au-NPs) 

TD05 & 

TE02 

Aptamer 

Ramos 800 cells mL-1 [28] 

Flow cytometry Without any 

additional 

material 

Apt928 SKOV-3 14 cells mL-1 This study 

 

Highlights 

 A CD70-binding aptamer was isolated by protein-based SELEX followed by cell-based SELEX 

 The isolated aptamer was able to bind to CD70 with high affinity and high specificity 

 Interaction of CD70 with its receptor (CD27) was inhibited by CD70-binding aptamer 

 The obtained aptamer could detect SKOV-3 cell line as low as 14 cells mL-1 

 

 

 




