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Screening of liver cancer serum tumor markers’ aptamers and identification of their affinity
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[Abstract] Objective:To obtain a set of aptamers of liver cancer serum markers by SELEX screening, and to provide new molecular
biological detection method for the early diagnosis of liver cancer. Methods: Serum samples from 50 patients with primary hepatocellular
carcinoma (HCC) and 50 normal serum samples of which physical examination showed no abnormalities were collected and mixed in
equal proportions to prepare mixed sera of HCC and normal subjects. The serum was used as the target molecule for screening. Magnetic
beads-normal human serum complex was combined with ssDNA library. The supernatant was then combined with magnetic beads-liver
cancer serum to elute and isolate the specific ssDNA binding to serum of liver cancer. Nine rounds of ssDNA were screened by the
method of the streptavidin biotin method, and transformed into PMD18-T vector. The single clones were selected and sequenced by
Shanghai Biosystems. Affinity determination of serum tumor marker aptamers in patients was performed by flow cytometry. Results: After
9 rounds of screening, 200 nucleic acid sequences were successfully isolated, of which 10 sequences were different. Specificity test
showed that the binding dissociation constants of serum tumor marker aptamers and HCC serum were all in nanomolar level. Among
them, Seq-1,Seq-16,Seq-17,Seq-56,Seq-72 aptamers could be bound to the serum of liver cancer with highly specificity ,and could not
bound to the normal serum. The positive rate of serum tumor marker aptamers was detected in 200 cases of liver cancer serum and 200
cases of normal human serum, positive detection rate was more than 91% . Conclusion: The use of a random single - stranded
oligonucleotide library to successfully obtain an aptamer that specifically binds to liver cancer patient serum, and the obtained aptamer
has the ability to antagonize liver cancer serum,which may provide a new convenient method for the early diagnosis of liver cancer.
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1.1 M4

FEBE - 9% 2% (AL ) A AR A BR A A 5 B
Hl.ssDNA 3CJ% (83 nt, 1.2 nmol ) : 5'-CTATAGCAATG-
GTACGGTACTTCC (35N) CAAAAGTGCACGCTACT-
TTGCTAA-3'(N=A.G.T.C),5|4¥ P1:5 -CTATAG-
CAATGGTACGGTACTTCC-3", 5| ¥ P25 -TTAG-
CAAAGTAGCGTGCACTTTTG-3', 5|4 Bio-P2:5'bio-

tin-TTAGCAAAGTAGCGTGCACTTTTG-3' ¥ iy I it
AT A B G IE 5 I3 28 52 5 i
W —BE B RR L
12 7%
1.2.1 AT & do 7 I 98 A7 & M 1€ B AR 0 i
1211 iAo i 84 B

BRI B S0 B 1 IR IS WIE SR S5 R Ve
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1.2.1.2  JEF A fiE 4 SELEX 7 it

B mLAGER, 454 600 WL IEH IR A I, 37 °C %
H 2 h, 7R EPE TR IER RS M, A 10 pmol/L
tRNA (IR S 5 4 A 2R A 7 0 2 , 338 I i 22 1) A
PE), 37 °C %8 30 min, IR HELE 0P PE 2 UK, HE IR
1 min, F-FHZEE S MIRGE 1K, 1 min, 85509 ssD-
NA XCJ%E (95 °C, 5 min; 4 °C, 10 min; 37 °C, 5 min) ,
37 CWFHE 1 ho 7L R4S G ssDNA SCIE, T 5%
EBE 3 YK, B YK 1 min, JITA 200 wL 4K , 95 °C,
10 min , Y8 B35 VBN T —5 kR E, EE
R BRIEAT T 4Rk, T 2 489 Ik SELEX
i o
12,13 % %% % PCRY 33513 dsDNA

X IH Uk 7Y ssDNA SCE #4725 2 PCR 9
B OV AR AL FUES P11 L, RS 149 Bio-P2
1 pL,dNTP {54 8 L, 10xbuffer 10 L, 7654k
(super green | )2 ML,*}";*& DNA 160 pL,rTagDNA o=
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A3 8, S E H PCR UEATY 1 . M ph £k 35 3
FE TR
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A 14 )5 () dsDNA, 37 °C, 1% & 30 min, 7 b1
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4, fH I 200 WL IE# IR A LT , 37 °CL 0 F 2 he
LI A AL, InA 10 pmol /L
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tRNA, 37 °C, 55 30 min, 1157 2628 w1 2 ¥,
WK1 min, F S5 G PWYE 1R, 1 min, 855019
ssDNA % (95 °C, 5 min;4 °C, 10 min; 37 °C,5 min) ,
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122 A 05
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FPTINAR ) Fe A B 5 XA BN B AR i v i
1.2.5  JF 9% o i 38 B A4 1k

22 R AN AE S M 45 R AT, Seq-1.Seq-16.,
Seq-17.Seq-56 .Seq-72 J¥ 9 2% Ay e , 4 5 25757
% FVAE T A . BL0.1 mLEEER T 1.5mL EP

H BRI “1+7 I 50 WL TR FR I3 , 37 °C, %
B 1 h; B0 Iml #EER T 1.5 mL EP & A ARid b “1-",
HIBE 50 WL ALY, 37 CL 0 E 1 h; 32k E iR
A Tb B I, P 0 3k 22 RO VR 3 9k, BF UK 1 min,
“1+7 “1-"EPE 454 100 wL i de 531 54 A9 1075
AR A 3 B 442 (95 °C, 5 min, 4 °C, 10 min),37 °C,
% F 30 min, 1 1 % Tween+PBS ¥k 33 , 111 100 L 4k
7K, 95 °C, 10 min, Y4 3, RT-PCR A& . WS4 1)
200 153 B IR ZA2 Wik 55 A J5 & 1 JHH988 10355 1 200 1y
TEH NI iR PR TR 4
1.2.6 BT & o 7 Bb 98 A% & 4 18 Be Ak — 2R 45 TR
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2.1.1 &b d i 54 ¥ SELEX i it 5
AT T OFETHIE , A TR SR R 1, BEE
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Table 1 SELEX screening conditions of hepatoma serum
tumor marker aptamers
Wik ssDNA ssDNA  FFER SOF/
ORRE e sem am mkes B0

Womb) ) (pmol) B (L) A T (min)
1 1.00 69.5 69.5 600 2 60
2 1.00 46.3 46.3 300 2 60
3 0.50 79.8 52.0 350 4 50
4 0.50 59.7 50.0 300 4 50
5 0.30 42.9 40.0 275 6 50
6 0.25 51.6 45.0 250 6 40
7 0.20 49.1 40.0 225 8 40
8 0.15 30.1 30.0 200 8 40
9 0.10 28.1 28.0 175 10 30

2.1.2  BFERAf ik 5 ssDNA & 442K

VU9 VR A 1003 SR #0BR 32647 76 98 SELEX fifi 17
b AR B R S AR 3G T, ssDNA SO 5
TRA MG 25 & RWYS 2 R 5 TR s 45 &
(R S PEIG O AT & 4R . 255 9%, ssDNA XL
JE 5 PR L A 25 5 2k B RN , 5T 2 1 0
(E1) o A % 1 B FH SE R 2 & PCR #1783
RIS
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tumor marker aptamers enrichment results
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Figure 2  Affinity analysis results of serum tumor marker aptamers in partial hepatocellular carcinoma
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Table 2 Sequences of hepatoma serum tumor marker aptamers

HFR JF51(5'—3") Kd(nmol/L)
Seq-1 GGCAGTGCAGCTTGCATGCCTGCAGGTCGACGATT 247
Seq-3 CCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACG 79+5
Seq-16 GCTCTCCTGTTCCGACCCTGCCGCTTACCGGATAC 15+10
Seq-17 GACAGGACTATAAAGATACCAGGCGTTTCCCCCTG 23+7
Seq-25 TTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCA 106 + 6
Seq-29 AAAAGGCCAGCAAAAGGCCAGGGAACCGTAAAAAG 99 +7
Seq-36 AAAGGCGGTAATACGGTTATCCACAGAATCAGGGG 67+8
Seq-56 GACTCGCTGCGCTCGGTCGTTCGGCTGCGCGCGAGC 12+5
Seq-72 GGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGG 21+8
Seq-76 TGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAG 126 + 6

REPUPKE B RGMERAEE S CRTH  (&3), /T LU BT R RRRIE RCR 250 0 F1LF2
e, FEA R 3N ANE BRI RF3 35
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Figure 3 Phylogenetic tree analysis of tumor marker apt-

amars in liver cancer
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