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Abstract: LLiquid biopsy,as an emerging minimally invasive early detection method for tumors,has shown
great potential; however, several challenges limit its application in tumor diagnosis. Tetrahedral framework
nucleic acids (tFNAs) have garnered significant attention in the biomedical field due to their structural stabili-
ty.,programmability,and superior intracellular endocytosis and tissue penetration capabilities. These properties
make tFNAs an ideal candidate for constructing advanced biosensing platforms for liquid biopsy applications.
tFNASs significantly enhance the binding efficiency of circulating tumor cells (CTCs) ,circulating tumor DNA
(ctDNA) ,and extracellular vesicles (EVs), thereby improving the sensitivity and detection capability of the
liquid biopsy biosensing platform. This review provides a comprehensive overview of tFNAs-based biosensors
in the liquid biopsy field. It elaborates on the synthesis,characteristics,and applications of tFNAs in detecting
CTCs,ctDNA,and EVs. Additionally,it discusses the diverse strategies and advantages of tFNAs in biosens-
ing applications, highlighting how these features significantly enhance the performance and reliability of bio-

sensors. Finally, this review addresses the current challenges faced by tFNAs in liquid biopsy and explores
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their future prospects,aiming to facilitate early screening, precise diagnosis, and integrated diagnostic-treat-

ment approaches for tumors.

Key words: tetrahedral DNA frameworks;
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Fifr 988 12 W7 Hh ) 7 i e 3 46 i) A R K 4 2 AR TR
R 7 G 56 I 2 4 88 1) g

DU T A HE 2R 8% R (tFNAs) , XA DNA [ i 44 , 78
S DNA G5 AR i 18 R = 4 98 KR 4549 . I5e ) S
H GOODMAN %50 45 2005 4F 4 4, 3% A1 BA SR~ —
BB 7R 4 A EE DNA KRS B 09 B b B 3 i

liquid biopsy;

biosenser

DNA tetrahedron;

X tFNAs, tENAs /80 5 #8119 DNA
Z IR PR BT 5 A B R YRR S R
DNA 4K F AR I8 40 1 £ 8. (FNAs 230 1
P P AE R S T (D) S5 A A2 8 M cFNAs A9 DU T 4 ) 74
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Kibr G —#e TR sEVs B3 T (FNAs A9 H1k
AR RS — R ] = WA 450 0F 98 & e B i T
BLAR ) tFNAs [& 5 76 4 H AR 2% 10, 38 4 3 A A 15 50
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A EKRE XL,

SERS [H A #Ot B 45 | 5 4 8 2 1 9 P78 15 5
KA HLAG FRAE 45 S0 | 2 A0 3 R0 AR AG: T B 45 4R
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R, R AR E LA R B (FNAs 7T R
Tk 20 K A0 33 WA 22 ) 1 4 45 R E B L i i &
Mrid BefR 5 (FNAs 255 8 sEVs PWAIE ST, mT
R AR R EE S, LIU &0V T —
o RAE I SERS (LIRS AL RS o 26 38 Bk K
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JEKER BE SE PR /D BE A A8 R AL sEVs K, HoA B
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*3 EHF (FNAs B sEVs #& i & 4 1% Bk 28

sEVs 2871 HAR LRI RS M iz I R
sEVs £ 1fi % A CD63,MUC1* AL k2 103~108 4~/ fi T+ 158 A/t
D63 GRS 1.39X10%~5.05X10" 4~/ 2T} 62.7 4~/ ZFt
D63 GRS 1.6X10%~1.6X10° 4~ /=2 F} 13.79 /2 T}
CD63 . HER2"Y LIS 2.31X10°~2. 73X 10" 4~/ 2 F —
CD63 . MUC1 SERS 7X10°~7X10" 4~/ Z T+ 2.98X10° 4~/ T}
MuC1#H SERS 1.44~1.44 X 10" A/t 0. 39 4~/ Tt
CD63M A T 1.98X10°~1.98X 10" 4~/ 2=t 1.98X10° 4~/ 2}
CD63 . EpCAM""™ % 1.7X10"~1.7X10" 4/ 7+ 1.8X10% 4>/t FF
sEVs miRNA miRNA-2157) 1k 2 1 fmol/L~1 nmol/L 0. 43 fmol/L
miRNA-1246% CipiA= 100 amol/L~10 pmol/L 21 amol/L
miRNA-215 4L L b2 100 amol/L~0. 2 pmol/L 34.6 amol/L
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T AT IR 1 B AR A R A3, AT 5O Ak A
Yons fh RS F SERS %5 2 Rl 5 5% S AR 20 4E 1L,
T 58 BT PR 305 A6 B s A 0 2 . TR tFNA's BE 5 B0 A
5] b B 7% 48 9] SC 8 42y 1) (CRISPR) . CNT,RCA i
HCR SR 48 2 AR T 2460 BB G B, 45 = %
P HERE . AP tENAs 7R ELA R 5 0 40 M i3 35 v
ﬂlﬂﬁfﬂiﬂ@ﬂ: PESE I 2R 05, X BB R A B T T i A AR
R CTCs, LA K et %8 i% sEVs Al CTCs, # 1fij 52
BN Y AT SEV's N HE AR A9 J5 47 A I A B, 3 AR
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R A BB S E S S mE R G %
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FEBIF T 5 (6) — 7 2 30 A T0% G A 25 400 » 200 o 98 A 56 1
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