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Screening of DNA aptamers for subtype of breast cancer cells by using SELEX
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[Abstract] Objective: To get DNA aptamers binding to different subtypes of breast cancer cells. Methods: A random double -
stranded DNA (dsDNA) pool was established by PCR, and single-stranded DNA (ssDNA) library was separated from the dsDNA pool
by coated sepharose. Based on subtractive cell - systematic evolution of ligands by exponential enrichment (SELEX) , the in vitro
cultured breast cancer cells, MCF-7 and MDA -MB-231, were alternately used as positive screening targets while normal mammary
gland cell MCF - 10A as negative. The effect of PCR amplification and the recovery of aptamer were confirmed by agarose
electrophoresis. The PCR conditions were optimized through temperature gradient experiment, while the affinity of aptamers for target
cells was monitored by using flow cytometry (FCM). Cloning and sequencing of aptamers were carried out by conventional molecular
biology techniques. The aptamers were preliminarily screened by sequence analysis, and DNA aptamers were selected by FCM, laser
confocal and immunofluorescence staining. Results: A random ssDNA library was successfully established, and the screening
conditions of SELEX were optimized. Specific DNA aptamers for MCF-7 and MDA-MB-231 cells were obtained after 20 runs’ tandem
crossed cell-SELEX. Of 100 positive sequenced clones, 72 aptamers were identified. Accurate alignment of Blastn implied no similar
sequence to the 72 submitted aptamers. Five aptamers were preliminarily screened by sequence analysis, and two aptamers which
could bind to breast cancer subtype tissue cells were obtained by optimization experiment. Conclusion: By using the tandem crossed
cell-SELEX, DNA aptamers of broad-spectrum combing with clinical breast cancer subtypes can be obtained in a short time, which
may be helpful for the targeted drug delivery system of breast cancer.
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A: Temperature gradient experiment for original DNA library (M: DNA marker; 1-12: Temperature gradient from 49.0 °C to 67.0 °C). B: PCR pro-
duct from different cycle-index of amplification (M: DNA marker; 1: control; 2: ssDNA template; 3: 30 cycles; 4-5: 10 cycles). C, D: Original ssDNA
(C) vs. ten fold diluted original ssDNA (D) as PCR template (M: DNA marker; 1-12: Temperature gradient from 49.0 °C to 67.0 °C; 13: ControD). E: ds-
DNA amplified by PCR of original library. F: ssDNA amplified by PCR of first round screening library.
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Figure 1 Establishment of DNA random library and optimization of PCR amplification conditions
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Figure 2 Flow chart for tandem crossed cell-SELEX screening
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Details of screening by tandem crossed cell -
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Cell Line Screening round
MCF-7 1,2,5,6,9,10,13,14,17,18
MDA-MB-231 3,4,7,8,11,12,15,16,19,20
MCF-10A 21,22

Table 1
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A: Temperature gradient PCR test for optimizing of cell-SELEX conditions. B: PCR product of ssDNA corresponding to 0-20 round positive cell-

SELEX screening. C: The affinity of aptamers during tandem crossed cell-SELEX screening.
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Figure 3 Cross-tandem screening of DNA aptmers to breast cancer by cells-SELEX
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L5 F40 f-SELEX £ A Lh#7, A8 A1 1
[ 22 S ER BE 4T i -SELEX 08 %8 v, HL A BL R 4 45
(¥ 441 36 956« W R L Mo 7~ Y 284 5 L s 400
RS 2 TR A7AE KBS R 96 R 10200 i) D g ik ¢
AE N FR) S A L3 A7 T 9 AT e 0 S 20 Bt i vh B
SRR TR A M Ak S LR L T B )
FHOR BIAR A 73 T RIS NG O s Fe &k B N FL e 4
g MCF-7 fI MDA-MB-231 1F 4 IE /5 e 40 g, A IE &
FUAR b R 41 MCF-10A 1 4 5 0 %6 40 L, 75 22 Fir 3k
HW1¥) DNA & B T 58 % 1% 31 55 22 W7 24 117 L o 40
. QRGN AE X AR BRI BT ZEH WK 2 ol
L8 20 B Pk L S B0 3% (R MCF -7 28 By 5%
MDA-MB-231 41 g ifi %6 ) « 4k DL 1E % 40 i 6 i i,
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MCF-10A

MCF-7
Round 22 Round 0 Blank Round 22

Blank

MDA-MB-231
Round 0

Round 22

After round 22 selecting, FITC labelled ssDNA binding to MDA -
MB-231 and MCF-7 cells while not binding to MCF10A cells. Simulta-
neously, the round 0 ssDNA hardly binded to MDA-MB-231, MCF-7 or
MCF10A cells.

4 BAHBERRENE 2R ssDNAEGERF) 54
FBYEE & (x200)
Figure 4 Round 22 ssDNA (aptamers) binding to target

cells by confocal laser microscope(x200)

&2 FEHIHEL 100 /32 BB E T R IR R

Table 2 Aptamer sequencing from randomly selected 100

clones

Upstream/ Bases in Subsequences
downstream primers random region of aptamer(n)
incorrect - 9
correct =52 72
correct >52 2
correct <52 17
Total - 100

PG BE T 1015 ARAK M LAEAT 5 S0 ik CH i R
R AW T 23R 26 LA MCF-7 40 i 3k 47 2 46 1 7
% P H B DL MDA-MB-231 40030547 2 56 IEFfiik s 2
J& R AT IR Ik, BRI AZ - BRI 0 I s S
SERR 25 i . M ERIE bk, IX ROk U v BAR
A LA A [ B 3 2 b ST 7R L R e 4T P P DNA 38
B 7, (H AR AT A8 FRARGE L T 1 RE 7. BPCR 441
ANFaE 77 IR E AT E : 22 X R BE4H i-SELEX i
ISR, B4R DNA SCPEY 1 DL R A —H8 7 18 it 75
(1) 38 KL IR AN 58 A — B, AT 50 i iR R
PCR S5 DUR 58 BRI 126 3R G (AT=0.5 P,
R ILAE AT 10 F& 0 %% 1 72 b PCR 1B KR % 3l i
R, 1058 LU ABR AR E , HEDU ] BE 2 5 2 i n g g
SEE ISR T S5 0 22 R B, B BUR KR FE 3
P A B X 5 B 7 326 )36 AT, 2 b 240 oL ) 3 P A ALk
FEE R R R, B AT 2 ) SR KGR B 2 R T e AR
i/ R T AR s AR, R FE IR % PCR 1 31
YREUAS 5 TR BRI 3 2 S A oK 5 A, BRI [N
(1) ssDNA FRE 10 1% J5 FAE PCR MR, LU RE (19
W R G, W] R AR R S gk 1 RSO R A
TN PCR AR R IR A % . @ik 5 SR Al
77 45 PR I« 9 3% 1 A2 H MCF-7 1 MDA -MB-231
YT X N7 D S5 R0 g il 2 S B A SO 3, BROR 4k gk
17 SELEX 17 16 7] fg 5 U B+ X MDA-MB-231 4f
Ja ()31 R0 g3k — 20 T, (BN MCF-7 41 B R F0 7
ATREPEAR . (R, X Fh 75 v i % DNA & 1, 75 2
SHE L 2 o 200 P R, AR T DA TR R 1) 2 ol
JeE A0 L, AELE AT T SE AN A mT R IR I 52 31 52 )
S, R FH AN 58 77 23R B DNA J& e 5
AFAE— LA 2, LR B 3&E B 7 AN B 45 & 1k b
B5 7% 1 LM SKBR3 41, 3X ] R AE B H Bt 9 2
AR IR T J0 R N A N R I 5 3 T L R
YT &5 B 14 20 PR e A 3 S BA G S BC 1 FE R
PRIEANTE 28 5 3E iC 7% = BA 1 FL IR 1R 25 A 1 Dl
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Figure 5 The binding of DNA aptamers to various adenocarcinoma cells

DAPI ABC-18 Merge DAPI ABC-56 Merge

MCF-7
MCF-7

MDA-MB-231
MDA-MB-231
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Figure 6 DNA aptamers bind to breast cancer cell lines by confocal laser microscope(x200)

x1 000 x1 000 x1 000

x1 000 x400 %400

Analysiss of immunofluorescence staining. A-C: Breast cancer tissues with positive binding, showing Luminal A(A), Luminal B(B)and HER2(C)

subtype, respectively. D: Breast cancer tissues with negative binding(triple negative subtype). E, F: Breast fibroadenoma tissues (E) and normal breast
tissues (F) with low or negative binding.
7 RERABHENEEE T ABC-56 5ZBRRBENSMALNE S

Figure 7 Binding of aptamer ABC-56 to tissues from breast by immunofluorescence microscope
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