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a b s t r a c t

Since the concept of aptamer emerged, many scientists have launched a rich field of research around it.

However, few nucleic acids aptamer which use cell as target can be put into practical applications. We

believe that a great deal of this lies in the complexity and irreproducibility of aptamer screening exper-

iments themselves. The complexity is due to the cumbersome processes and the technical requirements

for laboratory personnel, whereas irreproducibility arises from the fact that the starting point of such

screens is nucleic acid libraries with random fragments, and that different libraries directly determine

the differences or even the success or failure of screening results. The complexity and irreproducibility

mentioned above, in turn, lead to the inability of this experiment to unfold on a large scale, which natu-

rally cannot lead to excellent results for practical applications. In response to this problem, our group has

developed an instrument for automated screening of tumor cell nucleic acid aptamers and characterized

the properties of nucleic acid aptamers obtained using this instrument in a comprehensive manner.

© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Nasopharyngeal carcinoma (NPC) refers to the malignant tu-

mors that occur in the top and lateral walls of the nasopharyngeal

cavity, and the incidence is one of the highest malignant tumors

of the ear, nose, and throat. In our country, NPC tends to occur in

Guangxi and Guangdong most and has obvious regional distribu-

tion characteristics.

At present, the most widely used screening mean for NPC in

clinic is serological detection of EBV (Epstein-Barr virus), i.e., de-

tecting VCA (virus capsid antigen) IgA and EA (early intracellu-

lar antigen) IgA antibody titers of EBV with immunoenzymatic

method. However, although VCA IgA antidetection has high sen-

sitivity, it shows low accuracy, potentially leading to false-positive

cases; For EA IgA, despite possessing higher detection accuracy, it

has insufficient detection sensitivity and sometimes leads to unde-

tectable cases. In addition, because of the special anatomical loca-
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tion of the nasopharynx (the surrounding important organs and its

complex structures), surgery is not a very appropriate approach to

treat NPC, and radiotherapy is the first-choice treatment for NPC.

The 5-year survival rate of NPC patients without distant metastasis

after comprehensive radiotherapy-based treatment reaches more

than 80%, therefore, accurate early diagnosis is of great significance

for the treatment of NPC [1–4].

Nanotechnology has found many biomedical applications, for

example, drug delivery [5], nucleic acid extraction [6,7], biosen-

sors [8] and tumor treatment [9–11]. Nucleic acid aptamers are

also nanomaterials, and they are functional oligonucleic acids that

are able to identify specific target with high affinity, and are able

to bind to the targets with a three-dimensional folded structure

and, thereby, play the effect of recognition. Because of their simi-

lar recognition mechanism with antibodies, nucleic acid aptamers

are often referred to as chemical antibodies [12–14] and has ap-

plications in many directions [15–18]. Nucleic acid aptamers have

unique advantages over antibodies, such as ease of chemical syn-

thesis, little batch-to-batch difference, low immunogenicity, high

environmental adaptability and better tissue penetration [19–21].

https://doi.org/10.1016/j.cclet.2022.01.081
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Fig. 1. (A) Cartridge front view; (B) cartridge base top view and (C) cartridge lid top view. (D) Reagents-station controls. (E) Screening flow settings.

Since the advent of this technology, nucleic acid aptamers have

been widely used for screening against different targets such as

proteins [22–26], viruses [27–30] and cells [31–35]. Among them,

systematic evolution of ligands by exponential enrichment against

cell (Cell-SELEX) appears as a new technology [36,37], it has at-

tracted a lot of attentions and leads to many related studies

[38–42]. However, the practical application of this technology al-

ways has difficulties. The Cell-SELEX experiment screening cycle is

long while the screening results are uncontrollable, a screening ex-

periment over many months may not necessarily yield a nucleic

acid aptamer with sufficient affinity and, in addition, this experi-

ment is highly demanding for operator expertise, treatment of any

step in the experiment will have significant impact on the final

results [43–45]. In order to find solutions to these problems, our

group put forward the idea of an automated nucleic acid aptamer

screening instrument and completed the scaffolding and verifica-

tion of the instrument [46–50], this paper will start from NPC cells

to demonstrate the feasibility of using this instrument for auto-

mated screening of nucleic acid aptamers targeting tumor cells.

Human NPC cells (5-8F cells) were used as target cells during

this aptamer screen, and human normal nasopharyngeal epithelial

cells (NP69 cells) were used as negative cells.

Human hepatocellular carcinomas cells (HepG2 cells), human

lung cancer cells (A549 cells), human gastric cancer cells (HGC-

27 cells), human cervical cancer cells (Hela cells), Michigan cancer

foundation cells (MCF-7 cells) were used in subsequent validation

experiments.

Cell culture conditions, reagents used, PCR amplification system

settings and parameter settings are shown in Supporting informa-

tion.

In this experiment, the automatic aptamer screening instrument

built by our research group was performed for aptamer screening,

reagents-station controls are shown in Fig. 1. The machine screen-

ing steps are set as follows:

(1) Mix the random library with ultrapure water to reach the

final concentration of 100 μmol/L. Add it into the prepared PCR

tube, denature at 95 °C for 10min, place it on ice for 10min,

Fig. 2. Secondary folding structure of our obtained nucleic acid aptamer.

mix it with the screening binding solution, and then add it to

station 2.

4209



Z. Guo, B. Jin, Y. Fang et al. Chinese Chemical Letters 33 (2022) 4208–4212

Fig. 3. (A) Incubating the fluorescent aptamer with two types of cells, respectively, and measure the mean fluorescence intensity. (B) Incubating the fluorescent aptamer

with six types of tumor cells, respectively, and measure the mean fluorescence intensity. (C) Curve fitting results. (D) Incubating the 5-8F cells with 10 different groups in

various concentration of fluorescent aptamer, measure the mean fluorescence intensity. Color controls shows in right side legend.

(2) Take 5-8F cells that have reached logarithmic growth stage

in a 35mm petri dish and move it to station 1. Suck and discard

the culture solution, use the screening wash buffer for cleaning,

1mL of cleaning solution was added each time, shake for 1min,

then discard the wash buffer.

(3) Absorb the mixture of random library and binding buffer in

station 2, transfer it to station 1, shake the petri dish with a motor,

and incubate the mixture with cells for 60min.

(4) After incubation, add wash buffer for cleaning, use 1 mL

cleaning solution each time, keep the petri dish shaking for clean-

ing for 1min, then discard the cleaning solution.

(5) After cleaning, absorb the trypsin digestive solution from

station 3, add it to station 1, absorb the digested liquid with a

pipette gun, and transfer it to station 4 for PCR amplification.

(6) Hold station 4 at 4 °C after finishing the PCR amplification,

save the product and use it as the library for the next round of

screening.

We dissolved 0.225 g glucose and 250 μL MgCl2 (1mol/L) in

50mL of 1×PBS buffer to prepare washing buffer, added 50mg

of bovine serum albumin and 5mg of tRNA into washing buffer

to prepare binding buffer. In addition, to obtain the highest affin-

ity fragment possible within a limited screening round, a pres-

sure screening condition control was introduced as the number of

rounds increased, other details of screening flow settings are pro-

vided in Fig. 1. Among the screening process, rounds 14, 16 and

18 were negative screenings, and we directly used the supernatant

of the previous round as screening libraries. Therefore, in these

rounds, there is no need for PCR amplification.

After 18 rounds of automatic screening, the aptamer obtained

from instrumental screening were sequenced, as judged by the

results, the random fragment of its middle part was: CCACCG-

GTCCGAATCCGTAGTACCGCCCGAAGACAGCGGT. To analyze the spa-

tial structure of the screening-obtained nucleic acid aptamer, we

combined the fixed sequences at both ends with the measured

random sequences for secondary structure prediction using the

mFlod website and the result is shown in Fig. 2.

With the free energy �G as −26.89 kcal/mol, it can be seen

that this strip of nucleic acid aptamer has some obvious stem loop

structures, which facilitates its specific binding with cell surface

proteins.

To verify the specificity of the resulting nucleic acid aptamer,

we performed flow cytometry experiments and the results were in

Fig. 3, incubating the aptamer modified by 5′6-FAM fluorescence

group with 5-8F cells and NP69 cells, respectively. The mean fluo-

rescence intensity of each group of cells after incubation for 30min

was observed using flow cytometry to characterize the differences

in the binding capacity of the nucleic acid aptamer to different

cells. As can be seen in the lower panel, the average fluorescence

intensity of 5-8F cells is significantly higher than that of NP69

cells. It was demonstrated that the aptamer obtained in this ex-

periment was endowed with the ability to discriminate 5-8F cells

from NP69 cells.

Further on, to demonstrate that this aptamer specifically recog-

nizes 5-8F cells without binding other tumor cells, we conjugated

fluorescent aptamer to 5-8F cells, HepG2 cells, A549 cells, hgc-27

cells, HeLa cells as well as MCF-7 cells. Flow cytometry was used

to observe the mean fluorescence intensity of various cells after in-

cubation for 30min, and in turn, to characterize the difference of

binding ability of nucleic acid aptamer to different cells. As can be

seen from Fig. 3, the fluorescence intensity exhibited by the 5-8F

cell group after incubation with nucleic acid aptamer with modi-

fied fluorescence is significantly higher than those of all the other

tumor cells, thus it can be stated that the aptamer obtained in this

experimental screening are capable of specific recognition of 5-8F

cells.

To further make sure the verification of the binding ability of

the obtained aptamer, we measured the dissociation constant Kd-

value of this strip of nucleic acid aptamer upon incubation with

5-8F cell. We set the concentration gradients of the fluorescence-

modified nucleic acid aptamer at 50, 75, 100, 150, 200, 250, 300,

350, 400nmol/L in turn, and then incubated the aptamers of these

different concentrations separately with the cell suspension with
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Fig. 4. Incubating the various cells with fluorescent aptamer for 30min, then clean

them with wash buffer, photographed using a confocal microscope.

a same concentration of (because measuring the dissociation con-

stant requires an excess of either of the two, here to make the

cells excessive, control the number of cells to 3×105 each group).

Mean fluorescence intensity of cells in different aptamer concen-

tration groups was measured using a flow cytometer, and the data

are presented in Fig. 3.

After obtaining the data, to calculate the Kd value, curve fit-

ting was performed in OriginPro 2017 software using equation:

FL= Lmax ×X/(Kd + X), FL stands for mean fluorescence intensity;

Lmax stands for saturated fluorescence intensity; X stands for the

concentration of aptamer. As can be seen from the curve fitting

results in the lower panel, this aptamer dissociation constant Kd

equals 49.68 ± 4.4, indicating its strong binding to the 5-8F cells.

In addition, R-square and Adj. R-square can be seen as 0.99 and

0.98, meaning that the fitting result is credible in this experiment.

Finally, to get intuitive evidence for the specific recognition of

our obtained nucleic acid aptamer, we used confocal microscopy to

image 5-8F cells, NP69 cells, HepG2 cells, A549 cells, HGC-27 cells,

HeLa cells and MCF-7 cells incubated with fluorescence-modified

aptamers for observation. To confirm that 5-8F cells can only bind

specifically to our obtained nucleic acid aptamer rather than to

the initial libraries, we also designed an experimental group of 5-

8F cells incubated with fluorescence-modified libraries. As can be

seen from Fig. 4, only 5-8F cells incubated with aptamer among

all the experimental groups showed obvious fluorescence, demon-

strating the specificity and sensitivity of our aptamer in recogni-

tion of 5-8F cells.

In this experiment, we successfully obtained a nucleic acid ap-

tamer that can specifically recognize 5-8F cells. The more major

implication, however, is to pass through a completely new way to

complete Cell-SELEX. Although our instrument is currently at the

experimental stage, it has been able to shorten the screening pro-

cess stably to less than one month. In foreseeable future, we will

further optimize this instrument. We will add cell storage module

and automatic delivery module to this automatic screening instru-

ment. In this way, we can store 20 cartridges loaded with cells and

corresponding reagents in the instrument, and use conveyor belts

to automatically move the cartridges to their corresponding sta-

tions before each round of screening. Through these two improve-

ments, the screening process would again be massively shortened

again. By 24-h continuous operation of the instrument on a daily

basis, it will be possible to complete the entire screening process

in two days (20 rounds, 2 h per round). Furthermore, with a small

change on the fixing device in Fig. 1B, once other types of tar-

gets are fixed in the cartridge, this instrument can also be used for

other kinds of aptamer screening. This is of great significance to

the whole aptamer screening system. A large number of aptamers

will be obtained by this instrument, and quantitative changes will

induce qualitative changes. Finally, we will be able to obtain more

high affinity aptamers.

Declaration of competing interest

The authors declare that they have no known competing finan-

cial interests or personal relationships that could have appeared to

influence the work reported in this paper.

Acknowledgments

This work was financially supported by the National Key Re-

search and Development Program of China (No. 2018YFC1602905),

National Natural Science Foundation of China (Nos. 61871180,

61527806).

Supplementary materials

Supplementary material associated with this article can be

found, in the online version, at doi:10.1016/j.cclet.2022.01.081.

References

[1] J.Y. Shao, Y.H. Li, H.Y. Gao, et al., Cancer 100 (2004) 1162–1170.
[2] S.M. Cao, Z.W. Liu, W.H. Jia, et al., PLoS One 6 (2011) e19100.

[3] K.H. Chan, Y.L. Gu, F. Ng, et al., Int. J. Cancer 105 (2003) 706–709.
[4] Y. Liu, Q.H. Huang, W.L. Liu, et al., Int. J. Cancer 131 (2012) 406–416.

[5] J. Gai, L. Ma, G. Li, et al., MedComm 2 (2021) 101–113.

[6] Y.L. Fang, H.R. Liu, Y. Wang, et al., J. Biomed. Nanotechnol. 17 (2021) 407–415.
[7] H.M. Liu, W.J. Pan, C.L. Tang, et al., Theranostics 11 (2021) 8945–8963.

[8] Y. Liu, Y. Lai, G. Yang, et al., J. Biomed. Nanotechnol. 13 (2017) 1253.
[9] Y. Zhang, Y.F. Liu, Y.M. Hu, et al., Mater. Express 11 (2021) 1619–1627.

[10] L. Cai, J. Xu, Z. Yang, et al., MedComm 1 (2020) 35–46.
[11] R.R. Huang, Z.S. Chen, L. He, et al., Theranostics 7 (2017) 3559–3572.

[12] S. Zhao, S. Wang, S. Zhang, et al., Chin. Chem. Lett. 29 (2018) 1567–1577.

[13] R.R. Huang, L. He, Y.Y. Xia, et al., Small 15 (2019) 1900735.
[14] X.M. Fu, Z.J. Liu, S.X. Cai, et al., Chin. Chem. Lett. 27 (2016) 920–926.

[15] L. He, X.C. Yu, R.R. Huang, et al., Nano Today 42 (2022) 101334.
[16] G.J. Yang, Y. Liu, Y. Deng, et al., J. Biomed. Nanotechnol. 17 (2021) 2240–2246.

[17] D.M. Rata, A.N. Cadinoiu, L.I. Atanase, et al., Mater. Sci. Eng. C 119 (2021)
111591.

[18] R.R. Huang, L. He, S. Li, et al., Nanoscale 12 (2020) 2445–2451.

[19] S.J. Fan, H. Huang, H. Chen, et al., Mater. Express 11 (2021) 1774–1780.
[20] C. Wang, L.L. Sun, Q. Zhao, Chin. Chem. Lett. 30 (2019) 1017–1020.

[21] S.J. Ni, Z.J. Zhuo, Y.F. Pan, et al., ACS Appl. Mater. Interfaces 13 (2021)
9500–9519.

[22] Y. Liu, T.T. Li, G.J. Yang, et al., Chin. Chem. Lett. 33 (2022) 1913–1916.
[23] M. Loyez, M. Lobry, Eman M. Hassan, et al., Talanta 221 (2021) 121452.

[24] X.C. Yu, L. He, M. Pentok, et al., Nanoscale 11 (2019) 15589–15595.

[25] M. Liu, L. Xi, T. Tan, et al., Chin. Chem. Lett. 32 (2021) 1726–1730.
[26] L. Li, S.J. Xu, H. Yan, et al., Angew. Chem. Int. Ed. 60 (2021) 2221–2231.

[27] N.K. Singh, P. Ray, A.F. Carlin, et al., Biosens. Bioelectron. 180 (2021) 113111.
[28] M. Sun, S.W. Liu, X.Y. Wei, et al., Angew. Chem. Int. Ed. 60 (2021) 10266–10272.

[29] G.Q. Wang, L.X. Chen, Chin. Chem. Lett. 20 (2009) 1475–1477.
[30] Z.J. Xi, R.R. Huang, Z.Y. Li, et al., ACS Appl. Mater. Interfaces 7 (2015)

11215–11223.

[31] M. Liu, Z.F. Wang, T. Tan, et al., Theranostics 8 (2018) 5772–5783.
[32] Y. Liu, G.J. Yang, T.T. Li, et al., Chin. Chem. Lett. 32 (2021) 1957–1962.

[33] F. Zhou, P. Wang, Y.B. Peng, et al., Angew. Chem. Int. Ed. 58 (2019)
11661–11665.

[34] L. He, R.R. Huang, P.F. Xiao, et al., Chin. Chem. Lett. 32 (2021) 1593–1602.
[35] X.S. Pan, Y. Yang, L. Li, et al., Chem. Sci. 11 (2020) 9648–9654.

[36] M. Liu, T. Yang, Z.S. Chen, et al., Biomater. Sci. 6 (2018) 3152–3159.
[37] L.K. Liu, K.G. Yang, Z.P. Dai, et al., Chin. Chem. Lett. 30 (2019) 672–675.

[38] R.R. Huang, Z.S. Chen, M. Liu, et al., Sci. China Chem. 60 (2017) 786–792.

[39] S. Rauf, A.A. Lahcen, A. Aljedaibi, et al., Biosens. Bioelectron. 180 (2021) 113116.
[40] Z.X. Huang, Q. Xie, Q.P. Guo, et al., Chin. Chem. Lett. 28 (2017) 1252–1257.

[41] L.X. Zhu, J.Z. Zhao, Z.K. Guo, et al., Biosensors 11 (2021) 344.
[42] Y.K. Li, J.Q. Deng, Z.W. Han, et al., J. Am. Chem. Soc. 143 (2021) 1290–1295.

4211



Z. Guo, B. Jin, Y. Fang et al. Chinese Chemical Letters 33 (2022) 4208–4212

[43] J.X. He, T.H. Peng, Y.B. Peng, et al., J. Am. Chem. Soc. 142 (2020) 2688–2703.

[44] J.H. Zhu, Y.G. Feng, A.J. Wang, et al., Biosens. Bioelectron. 181 (2021) 113158.

[45] M. Liu, B. Zhang, Z.Y. Li, et al., Nanoscale 12 (2020) 19689–19701.
[46] Z.K. Guo, C. Wang, S. Li, et al., J. Nanosci. Nanotechnol. 20 (2020) 3373–3377.

[47] C. Wang, Z.K. Guo, H. Zhu, et al., J. Nanosci. Nanotechnol. 20 (2020) 1401–1408.

[48] Z.K. Guo, Y. Liu, N.Y. He, et al., Chin. Chem. Lett. 32 (2021) 40–47.

[49] Y.P. Huang, C. Wang, H. Zhu, et al., J. Nanosci. Nanotechnol. 20 (2020)

2165–2170.
[50] C. Wang, F. Meng, Y.P. Huang, et al., J. Nanosci. Nanotechnol. 20 (2020)

1332–1340.

4212


