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Abstract:

The development of non-invasive techniques for the diagnosis of cancer, characterization of mutation
and monitoring treatment response could greatly reduce the morbidity and mortality caused by cancer.
Nevertheless, the extremely low amount of cell free nucleic acids makes the liquid biopsy a very
challenging task. Herein, taking advantage of the pocked size, reliable quantitative results and simple
operation of the pocket-sized personal glucose meter (PGM), we report an approach of circulating
microRNA-21 (miR-21) detection with high precision and low cost. Via target-induced release of
invertase from the DNA-invertase conjugate, which could convert sucrose into glucose, detection of
miR-21 in serum was linked to PGM reading. Combined DNAzyme feedback amplification (DFA)
program and highly efficient enzymatic turnover, an ultralow detection limit of 7 x10-'® M for miR-21
was achieved using PGM as the reporter. The high sensitivity and selectivity of the proposed method
meets the requirement of quantifying cell free nucleic acids in serum. In addition, this approach fills the
shortage of quantitative RT-PCR and next-generation sequencing in quantifying miRNAs with short
length, and greatly reduces the cost of detection. We believe the widely used personal diagnosis
devices could hold an important place in the booming area of liquid biopsy.
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Liquid biopsy, an innovative technology in
cancer testing, is a non-invasive approach,

meter (PGM). As a widely used personal
diagnosis device for point-of-care testing

which could relieve the suffering of patients
from conventional biopsy, decrease false
positive rate because of the tissue sample bias
and help oncologists gain a broader molecular
understanding of the disease.l'? Nucleic acids,
including cell free DNA (cfDNA), circulating
mRNA as well as microRNA (miRNA) are the
promising biomarkers in blood for cancer
screening, monitoring drug treatment response,
and postoperative assessment.®l However, due
to the relative rarity of circulating nucleic acids
against the huge background in plasma or
serum samples, liquid biopsy still faces
challenges including the extraction and
enrichment of target biomarkers, and increasing
the sensitivity of detection methods.

Here we show a proof-of-concept strategy for
circulating miRNA assay with personal glucose

(POCT), PGM benefits from its pocket size,
reliable performance and simple operation. The
main challenge is the relative low sensitivity of
PGM for the analysis of circulating nucleic acid.
To achieve an ultra-high  sensitivity,
amplification strategy of DNAzyme feedback
amplification (DFA) was applied, which took
advantage of rolling-circle amplification (RCA)
and an RNA-cleaving DNAzyme (RCD). Unlike
RT-PCR, the whole RCA program could be
initiate by a short nucleic acid and generate
hundreds of tandemly linked copies of a
covalently closed circle in a few minutes under
isothermal conditions. The produced RCD
elements from RCA triggered the production of
more input complexes for RCA. The
autonomous reaction circuit resulted in
exponential DNA amplification. As suggested
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by Brennan and Li, sensitivity improvements of
3-6 orders of magnitude over conventional
methods could be achieved for miRNA sensing
by DFA.M Further, the DFA product was
hybridized with DNA-invertase conjugates, and
efficiently catalyze the hydrolysis of sucrose
into glucose, which is quantified by a PGM. The
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proposed method provided ultralow detection
limit of 7 x10-® M miRNA-21 and large dynamic
range over 4 orders. Added miRNA-21 in blood
serum was determined using the proposed
method with high selectivity. The PGM coupled
with DFA program holds promising potential in
ultra-sensitive and low-cost liquid biopsy.
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Fig.1. Principle of miR-21 sensing based on DFA and target-induced release of invertase.
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