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Detection and imaging of circRNA in living cells based on DNA tetrahedron
HCR signal amplification nanosystem
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Abstract: The discovery of reliable biomarkers is crucial for the early diagnosis, treatment, and prognostic
assessment of diseases. Current research indicates that circRNA possesses significant potential as a diagnostic
and prognostic biomarker. In this study, we developed a DNA tetrahedron-based signal amplification
nanosystem (DTNH) that utilizes hybridization chain reaction (HCR) for signal amplification to detect circRNA
in living cells and enable biological imaging. HCR is an enzyme-free, isothermal signaling amplification
technique based on the principle of target-induced triggering of two stable DNA hairpins (H1 and H2), which
then engage in alternating, self-sustaining cascade hybridization reactions to form long double-stranded DNA
polymers. The DTNH constructed based on this principle comprises two types of functionalized DNA
tetrahedron probes (DTNH-1 and DTNH-2). Fluorescence assays demonstrated that the DTNH exhibits excellent
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sensitivity and selectivity with a detection limit of 1.2x10™"" mol/L. Additionally, the DTNH showcases good
biocompatibility; due to its unique nanoscale structural advantages, it can enter cells effectively and has been

successfully applied for imaging studies of circMTO1 within live cells. The developed nanoplatform can not

only dynamically monitor the expression levels of circMTO1 within cells but also distinguish between tumor

cells and normal cells. At the same time, it provides a new method for revealing the spatial expression

characteristics of circRNA, which is expected to lay a certain foundation for developing precise and efficient

tumor diagnostic platforms.

Keywords: circRNA; DNA tetrahedron; fluorescence probe; signal amplification; biological imaging
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&1 DNA BikFFIER

EIkZE R FPHIfE B,
L1 5’-TAA GTG AAG TTC TAT TCC ATT TTT ACA TTC CTA AGT CTG AAA CAT TAC AGC TTG CTA
CAC GAG AAG AGC CGC CATAGTA-3
L2 5’-CAA GCA ATA AAC TAA CTA ATT TTT TAT CAC CAG GCA GTT GAC AGT GTA GCA AGC
TGT AAT AGA TGC GAG GGT CCA ATA C-3°
L3 5’-TAA GTG AAG TTC TAT TCC ATT TTT TCA ACT GCC TGG TGA TAA AAC GAC ACT ACG
TGG GAATCT ACT ATG GCG GCT CTT C-3°
L4 5’-CAA GCA ATA AAC TAA CTAATT TTT TTC AGA CTT AGG AAT GTG CTT CCC ACG TAG TGT
CGT TTG TAT TGG ACC CTC GCA T-3’
H1 5’-TGG AAT AGA ACT TCA CTT ATT TTT CAA CAA AAC CCA GTC /iBHQ1dT/AC ATA CGA TGT
G/i6FAMAT/AG ACT GGG ATC ATA-3’
H2 5’-TGG AAT AGA ACT TCA CTT ATT TTT TGT AGA CTG GGT TTT GTT CCC AGT CTA CAC ATC
GTAC-3
circMTOl1 5’-TGT AGA CTG GGT TTT GTT GGG G-3’
circCDYL 5’-CTG TTAACG GGA AAG GTT GAAA-3’
circHIPK3 5’-TCG GTA CTA CAG GTATGG CCT C-3’
M-1 5’-TGT AGA CTG GAT TTT GTT GGG G-3’
M-2 5’-TGT AGA CTG GAT TTC GTT GGG G-3’
sense MTO1 5’-UCU GAC CCAAAA CAACCCC-3

antisense MTO1

5’-GGG GUU GUU UUG GGU CAG A-3°
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1.6 £ M\AEREHH
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M1 HRARIEAR S8 2R AR RBT S, i3
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(Fe*". CI', zn*", K. Na", SO? ) %} DTNH f
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KL TR T T AN IR, BRI IE A TS 21
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Wit U] B BRI 55, LO2 il eAs 54055, 1 AS49
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DTNH

18 HeLa %35 DTNH 0 HI+H2 B EHLBEE
Mro SERGRE N 2 4. siRNA B4l (Hifldd ) Fi
ARALFEfY) HeLa 404 (XFREZ ). WKl 19 PR,
5 DTNH &5, ka5 21K
FXHEA . 4550, DTNH BEMS = R A A TE
AR BEFEAR cireMTO1 fEIR K, SE)
W N JEPE cireRNA shAZRRAE TR T
W% T A
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Xof HE 4

E19 ZFEFLENARS DINH BEEHNERER
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LB AR 25 R ANE 20 s, F#| HeLa 4Hf05:
W5 v

By

A549

LO2

HeLa

20 AR B ER

Y DB 55 e 59 o 22 5 2B cireMTO!1 7£ HeLa
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