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Abstract: Malignancy is a fatal disease with an increasing incidence with each passing year, and the early
diagnosis of malignancy can significantly improve the cure rate of patients, which has profound implications
for saving patients' lives. The changes of miRNA are closely related to the occurrence of malignant tumors. The
expression of miRNA in many malignant tumors is obviously different and unique from that in normal tissues.
In this study, a strategy for amplifying microRNA (miRNA) signal was designed using duplex specific nuclease
(DSN), which was then combined with Peptide nucleic acid (PNA) probe hybridization technology to prepare
a sensitive and efficient paper-based lateral flow biosensor (LFB) for the detection of pancreatic cancer (PC)
associated microRNA-10b. The performance evaluation results of the LFB showed that the detection limit of
miR-NA-10b is 5 nM/mL, and carries demonstrated well specificity, stability, reproducibility. The biosensor
prepared in this paper can provide accurate and rapid detection of miRNA-10b. The detection results play a
guiding role in the early diagnosis of PC. Meeting the clinical need for largescale screening of individuals at
high risk of PC. Providing new avenues to achieve early mass screening in individuals at high risk of PC.

Keywords: peptide nucleic acid; microRNA detection; duplex specific nuclease; early diagnosis of
pancreatic cancer; lateral flow biosensor

1. Introduction

MicroRNA is an endogenous non-coding single-stranded RNA with a length of 19-23 bases[1].
It usually acts as a translation regulator and is involved in a variety of biological functions of the
human body, such as differentiation, development, cell proliferation, oncogenesis, and cell
apoptosis[2,3]. The changes of miRNA are closely related to the occurrence of malignant tumors[4].
The expression of miRNA in many malignant tumors is obviously different and unique from that in
normal tissues[5,6]. As a tumor marker, miRNA has good development potential in the mechanism
research, clinical diagnosis, early screening, prognostic monitoring, and other aspects of many
tumors[7-10]. Studies have shown that miRNA-10b can achieve 95% sensitivity and 100% specificity
in the early diagnosis of PC[11]. Therefore, miRNA-10b can be used as a target for the early diagnosis
of PC. Now it’s necessary to construct a highly specific and sensitive miRNA detection method.

Modern detection technology has been in the direction of simpler, faster, lower cost
development. Currently, paper-based detection methods emerge[12-14]. As a new type of carrier,
paper can not only meet the basic requirements of traditional detection methods, but also has the
advantages of convenience, low cost, short detection time, suitable for outdoor, etc. [12,15] Paper-
based biosensor is a detection technology that emerged in the early 1980s and developed rapidly. It
initially uses the antigen-antibody specific reaction, and then extends to the recognition reaction
between aptamer and target molecule. The LFB is composed of sample pad, gold conjugate pad,
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nitrocellulose (NC) membrane, and absorbent pad in turn. Capillary action promotes liquid flow, so
that molecules in the sample follow the fluid to the NC membrane for visual reaction.

In this study, a strategy for amplifying miRNA signal was designed using DSN, which was then
combined with PNA probe hybridization technology to prepare a sensitive and efficient paper-based
LFB for the detection of PC associated microRNA-10b. DSN has the property of selectively
hydrolyzing the DNA fragment in DNA-RNA hybrid fragments[16,17]. Based on this property, we
designed a miRNA recycling enzymatic cleavage strategy. In the hybridization environment where
miRNA-10b exists, DSN enzyme can continuously hydrolyze the hairpin DNA of the hybridized part
with miRNA-10b, so that many hairpin DNA fragments of the unhydrolyzed part gather, indirectly
realizing the transformation and amplification of miRNA-10b signal. PNA is a kind of DNA analog
that replaces the main chain of sugar phosphate with a polypeptide skeleton. PNA can recognize and
bind DNA or RNA sequences in the form of Watson-Crick base pairing to form a stable double helix
structure[18,19]. Since PNA don’t contain negative charge, there is no electrostatic repulsion between
PNA and DNA or RNA, so the stability and sensitivity of hybridization are greatly improved, and it
has good ability to recognize specific sequences. These properties make PNA one of the most effective
tools for biomedical applications[20-22]. In this study, PNA probe was used to replace
oligonucleotide probe for the preparation of the LFB. The biosensor had better specificity and stability
than normal DNA biosensors.

2. Working principle of the lateral flow biosensor

2.1. PNA Probe preparetion

PNA is a DNA analogue, which replaces the pentose phosphodiester bond skeleton in DNA
with a neutral peptide nucleic acid amide 2-aminoethyl glycine bond [23]. PNA has similar function
to DNA, which have different biological characteristics by modifying PNA skeleton. In this study,
one end of PNA was added with cysteine, the specific structure is shown in Figure 1. The free
sulfhydryl group in cysteine made PNA active, so that PNA and AuNPs could be connected in salt
ion environment to form AuNPs-PNA probe. The PNA sequence is 5 'SH-GCAACTTCTATGTAT-3".
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Figure 1. The modified PNA structure.

2.2. Principle of miRNA signal conversion and amplificatio

DSN has the property of selectively hydrolyzing the DNA fragment in DNA-RNA hybrid
fragments [16,17]. Based on this property, we designed a miRNA enzymatic cleavage strategy. The
miRNA-10b is partially complementary to the hairpin DNA. In the hybridization environment where
miRNA-10b and DSN exist simultaneously, DSN can continuously hydrolyze DNA fragments
hybridized with miRNA-10b, thus producing many DNA fragments that are not hydrolyzed. The
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conversion and amplification of miRNA-10b signal were achieved indirectly.The Principle of enzyme
digestion amplification strategy of DSN is shown in Figure 2A.
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Figure 2. Structure and detection principle of the LFB.

2.3. Working principle of the lateral flow biosensor

The overall structure of the LFB is the same as the traditional immune test strip, which is
composed of five parts: sample pad, gold conjugate pad, NC membrane and absorbent pad and
adhesive plate. The structure of the LFB is shown in Figure 2B. The PNA probe was complementary
to the looped portion of hairpin DNA. Probe 2 was complementary to miRNA-10b. Probe 3 was
complementary to PNA probe. All nucleic acid sequences involved in this paper are shown in Table
1 below. The AuNPs-PNA probe conjugate was dripped onto the gold conjugate pad. The
components of the test (T) line and control (C) line on the NC membrane were nucleic acid probe 2
and probe 3. When miRNA-10b exist in the detection solution, it could be hybridized on the hairpin
DNA. After repeated enzyme digestion by DSN, many DNA fragments that could be used for
detection were generated. The DNA fragments were dripped onto the sample pad and slowly
migrated to the gold conjugate pad under the action of capillary. It could be hybridized with AuNPs-
PNA probe to formed AuNPs-PNA-DNA complex and moved up to NC membrane along the strip.

When the detection DNA fragments in the complex were combined with probe 2 on the T line,
AuNPs was adsorbed on the T line and presented a red band. Subsequently, the excess AuNPs-PNA
probes continued to migrate upward to the C line, PNA probe could be combined with probe 3 on
the C line and occurred chromogenic reaction. Finally, T line and C line appeared red bands.
However, when miRNA-10b didn’t exist in the detection solution, there were no hybridization object
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for hairpin DNA. Therefore, there were no detectable DNA fragments produced. The LFB couldn’t
captured AuNPs-PNA probes on the T line, so the T line didn’t show red bands. However, the
AuNPs-PNA probe could bind to probe 3 on the C line, resulting in only the C line showing the red
band. The LFB working principle is shown in Figure 2.

Table 1. All nucleic acid sequences used in the experiment.

Name Sequence (5'-3)

PNA probe GCAACTTCTATGTAT

Probe 2 AAATTCGGTTCTACAGGGTA

Probe 3 ATACATAGAAGTTGC

RNA1 UACCCUGUAGAACCGAAAUUGUG
RNA 2 UACCCUGUUAGACCGAAUUUGUG
miRNA-10b UACCCUGUAGAACCGAAUUUGUG
miRNA-21 TAGCTTATCAGACTGATGTTGA

miRNA-429 TAATACTGTCTGGTAAAACCGT
Hairpin DNA  TACCCTGTAGAACCGAATTTATACATAGAAGTTGCAAATTCGGTTCTACAGGGTA

3. Construction of lateral flow biosensor
3.1. Preparation of AuNPs-PNA probe

3..1.1. Synthesis and characterization of AuNPs

AuNPs at 15 nm were synthesized by sodium citrate reduction method. The specific steps were
as follows: 0.34 g of chloroauric acid (CA) was dissolved in 1 L water to prepare 1.0 mmol/L of CA
solution; Weighed 8.7 g sodium citrate and dissolved in 1 L water to prepare 33.8 mmol/L sodium
citrate solution. Took 100 mL of CA solution with a concentration of 1.0 mmol/L, poured it into a
conical flask and heated it, stirred continuously until the CA solution boils; Then immediately added
10 mL sodium citrate solution with a concentration of 33.8 mmol/L and stirred continuously. When
the color of the solution changed from light yellow to wine red, heated and stirred continuously for
20 min, and then stop heating. Placed the conical bottle at room temperature and wait for the solution
to cool naturally. Transferred to the test tube, wrapped the test tube with tin foil and store in the
refrigerator at 4 °C away from light. Finally, the AuNPs were characterized optically by ultraviolet
(UV) -visible spectrophotometer and transmission electron microscope.

3.1.2. Connection of AuNPs-PNA probe

AuNPs solution 1 mL was centrifuged at 9800 r/min for 15 min, and 800 mL supernatant was
discarded to obtain 200 pL. The AuNPs solution was five-fold concentrated Then, 60 uL 10pumol/L
PNA probe was added to the solution, mixed thoroughly, and store at 4 ° C in the dark for 16 hours.
Added 60 uL mixture of 0.6 mol/L NaCl and 20 mmol/L PB (pH 7.0). Kept away from light for 24
hours at 4 °C. Discarded precipitation, centrifuged at 4 °C for 20 min at 10000 r/min. The supernatant
was discarded and resuspended with 800 uL mixture containing 10 mmol/L PB (pH 7.0) and 0.3 mol/L
NaCl, centrifuged at 4 °C and 10000 r/min for 20 min. Discarded the supernatant. Finally, the
deposition was suspended with a mixture of 200pL 0.3 mol/L NaCl and 10 mmol/L PB (pH 7.0).

3.1.3. AuNPs-PNA probe optimization of connection conditions

To achieve the best connection effect between AuNPs and PNA probes, the optimal pH and
volume ratio of the connection reaction were investigated. To study the optimal pH conditions for
connecting AuNPs with PNA probes, the pH values of AuNPs solution were adjusted to 6.6, 6.8, 7.0,
7.2,7.4. To study the optimal Volume ratio for connecting AuNPs with PNA probes, 40, 30, 20, 10, 5,
1 puL of 10 umol/L PNA probe were added into 100 pL AuNPs solution. Then the probes were
connected separately.
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3.2. miRNA signal conversion and amplification

The hairpin DNA was first denatured at high temperature. 5uL hairpin DNA was added to 15uL
sterile water, heated at 95 °C for 5 min, and placed on ice immediately after heating. Then the sample
was added according to Table 2.

Table 2. The reagent required for the DSN digestion reaction.

Reagent Volume (uL)
DSN 1
Sterile water 5
Hairpin DNA 1
miRNA-10b 2
10x DSN reactive solution 1

After centrifugation, a drop of mineral oil was dropped on the test tube, and then centrifugation
was performed. The test tube was incubated in a 65 °C thermal circulation heater for 15 min, and 5ul
2x DSN termination solution was added for 5 min at 65 °C to terminate the enzyme digestion reaction.
Weighed and dissolved 1.6g agarose in 40 mL TBE. Then, microwaved for 1 min, and added 4pL
Goldview. Finally, poured into the rubber plate, stranded for 20 min, sampled the enzyme digestion
products, 120 V, electrophoresis for 40 min.

3.3. Preparation of the lateral flow biosensor

From left to right, the LFB was composed of sample pad, gold conjugate pad, NC membrane
and absorbent pad in turn. The sample pad was composed of glass fiber with a size of 20 mmx5 mm.
The sample pad should be soaked in the sample solution for 2 hours for activation. Then dried in a
37 °C and incubated for 2 hours before being taken out. The activated sample pad was stored at 4 °C
away from light. A 20 pL AuNPs-PNA probe was dripped onto the gold conjugate pad, which was
made of glass fiber with a size of 10 mmx5 mm. The AuNPs-PNA probe was dried in an incubator
at 37 °C for 2 h and then stored in a drying container at 4 °C. The reaction membrane is NC membrane,
the size of which is 22 mmx5 mm. Before use, the NC membrane should be soaked in the mixture of
10 mmol/L PB (pH 7.0) and 0.3 mol/L NaCl, and dried for 2 h in a 37 °C incubator. Then, a marking
tool was used to mark T line and C line with concentration of 10 umol/L probe 2 and probe 3 on the
NC membrane respectively. The distance between the T line and the C line was 5.0 mm. The NC
membrane with the lines was irradiated under ultraviolet lamp for 2 hours for fixing. The absorbent
pad is composed of absorbent paper with a size of 30 mmx5 mm. Before assembly, it is soaked in a
mixture of 0.3 mol/L NaCl and 10 mmol/L PB (pH 7.0) for 2 h, and then dried in a 37 °C incubator for
2 h. The sample pad, gold conjugate pad, NC membrane and absorbent pad were pasted in sequence
from left to right on the adhesive bottom plate with a size of 77 mmx=5 mm, and the overlap between
each part was maintained at about 3 mm. The assembled LFBs were pressed under heavy weight
overnight, and then sealed and dried at 4 °C.

3.4. Testing of lateral flow biosensor

Take 100 pL sample test solution (10 mmol/L PB, 0.3 mol/L NaCl), added 20 uL DSN cut
products into the sample test solution, mixed well, and dropped on the sample pad of the LFB. Placed
in a wet box at 37 °C for 20 min and the detection results were observed on the NC membrane. If the
T line and the C line showed red bands, the detection result is positive. If only the C control line was
red, the test result is negative. If only the T line was red or there was no color change between the
two lines, the detection result was invalid. The sensitivity, specificity, repeatability, and stability of
the prepared strips were tested according to the above methods.

doi:10.20944/preprints202304.0457.v1
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4. Result and discussion
4.1. Preparation of AuNPs-PNA probe

4.1.1. Synthesis and characterization of AuNPs

The color of the dispersed phase substance determines the color of the solution. For the same
substance, the particle size is different, so the color is different. The results of synthesized AuNPs
solution are shown in Figure 3a. Under natural light, AuNPs solution prepared in this experiment
showed wine red, clear and transparent, and no precipitation.

The maximum absorption peak of AuNPs solution between 5 and 20 nm was found at 520 nm.
The scanning results of AuNPs solution UV- visible spectrophotometer is shown in Figure 3b. The
AuNPs solution synthesized in this study showed an obvious maximum absorption peak at 520 nm,
which proved the successful preparation of AuNPs. The results of transmission electron microscopy
(TEM) are shown in Figure 2¢,d. The results of TEM showed that AuNPs particles were spherical,
about 15 nm in size, uniform in size, no clumping phenomenon, and good dispersion, which was
suitable for the connection of PNA probe.

0.6 —— AUNPs

300 400 500 600 700
Wavelength(nm)

(a) (b)
Figure 3. (a) synthetic of AuNPs solution. (b) UV- visible spectrum of AuNPs solution.

(a) (b)
Figure 4. TEM result of AuNPs solution.

4.1.2. Connection of the PNA probe to AuNPs

UV-visible spectrophotometer was used to detect the preparation effect of the AuNPs-PNA
probe. The results of AuNPs-PNA probe UV- visible spectrum showed in Figure 5. UV- visible
spectrum showed that AuNPs solution had an obvious absorption peak at 520 nm and the AuNPs-


https://doi.org/10.20944/preprints202304.0457.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 April 2023 doi:10.20944/preprints202304.0457.v1

PNA probe had the maximum absorption peak at 540 nm. This result proved the successful
preparation of AuNPs-PNA probe.
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Figure 5. The results of AuNPs-PNA probe UV-visible spectrum.

4.1.3. AuNPs-PNA probe optimization of connection conditions

The results of optimal PH values are shown in Figure 6a below. When the pH of the solution
was 6.6, the solution was colorless. When pH was 6.8, the solution appears light blue and a small
number of sediments were precipitated. When pH was 7.0, although the solution was light red, there
were a small number of sediments. When pH was 7.2, the solution appeared wine red without
sediment. When the pH was 7.4. The solution turned dark purple, and a small number of sediments
were produced. So, the optimal pH for AuNPs-PNA probe connection was 7.2.

The results of optimal volume ratio are shown in Figure 6b below. The color of solution changed
from red to dark purple when 20, 30 and 40 pL were added, and sediments were produced. When 10
uL were added didn’t change the color but produced a lot of sediment; When 5 uL. were added, there
was no color change, no sediments; When 1 uL were added, the color of the solution became lighter.
So, the optimal amount of PNA was determined to be 5 uL and the optimal ratio of PNA probe to

AuNPs was 1:20.
(a)
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. —
)
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Figure 6. (a)Effect of pH on probe bonding reaction; (b) Effect of probe volume ratio on probe bonding
reaction.

4.2. miRNA signal conversion and amplification

The length of hairpin DNA sequence was 55 bp, and the length of miRNA-10b sequence was 23
bp. After high temperature denaturation, hairpin DNA opened and complemented miRNA-10b. DSN
could act on the single strand of DNA in the DNA-RNA complementary double strand, resulting in
the hydrolysis of the DNA in the hybridized portion. After the hydrolysis of the hybridized part of
DNA sequence, miRNA-10b came out. Hybridization with the next denatured hairpin DNA was
continued, and DSN digestion was repeated to produce many DNA fragments of about 30 bp. The
electrophoretic results of DSN enzyme digestion products are shown in Figure 6b below.
Electrophoresis detection results showed that many DSN digestion products concentrated in 30 bp,
which proved that miRNA signal cycle enzyme digestion amplification was successfully carried out.
Trace miRNA-10b signals were transformed and amplified by DSN cyclic digestion.

M

100bp
80bp
60bp
40bp

20bp

Figure 7. The electrophoretic results of DSN enzyme digestion products.

4.3. Optimization of preparation conditions for the lateral flow biosensor

The screening results of NC membrane are shown in Figure 8a below. Four different types of
NC membranes (pall vivid20, whatman prima 8, millipore 135 and millipore 85) were used for
comparative experiments to observe the chromatographic speed and color development degree of
the strip. No. 1-4 were pall vivid20, whatman prima 8, millipore 135, and millipore 85 respectively.
The chromatographic speed of No.3 and No.4 strips were very fast, but the detection line didn’t show
color; No. 1 LFB chromatography speed was moderate, detection line color was not clear and uneven;
The color of No. 2 paper strip was clear and uniform, and the chromatographic speed was moderate.
Therefore, whatman prima 8 could be used as the reaction membranes material in this experiment.

The screening results of sample pad are shown in Figure 8b below. Five types of glass fibers GL-
b04, GL-061, fusion 1, fusion 3 and GF-K1 were selected as the sample pad. No. 1-5 were GL-b04, GL-
061, fusion 1, fusion 3 and GF-K1 respectively. Observe the degree of sample absorption on the
sample pad and whether there were red bands on the detection line; No. 2 LFB sample pad couldn’t
completely absorb the sample solution added by drops. No. 1, 3, 4 and 5 LFB sample pads all had
good absorbability and could completely absorb the drip-added sample liquid. The four sample pads
didn’t show much difference in absorbability. 1, 3, 5 LFB detection line color was relatively light; No.
4 LFB detection line color is dark, and uniform color. Therefore, fusion 3 was selected as the sample
pad material for the LFB.

doi:10.20944/preprints202304.0457.v1
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The screening results of gold conjugate pad are shown in Figure 8b below. Five different types
of glass fiber (JY-BX114, JY-J106, JY-BX115, JY-J101, Ahlstrom 8964) as the gold standard pad, No. 1-
5 LFBs were JY-BX114, JY-J106, JY-BX115, JY-J101 and Ahlstrom 8964 respectively. There was almost
no release of probes on the gold conjugate pad of No. 2, 3,5 LEBs, and many AuNPs probes remained.
The detection lines were light. The probes of No. 1 and No. 4 LFBs were fully released. But the color
development of No. 1 LFB wasn’t clear. The color development of No. 4 LFB was clear and even.
Therefore, JY-J101 was selected as the LFB gold label pad material.

The screening results of absorbent pad are shown in Figure 8c below. Four different absorbent
pads (H-5072, H-5015, H-5076 and H-5078) were selected, and the No. 1-4 LFBs were respectively H-
5072, H-5015, H-5076 and H-5078. No. 1 LFB absorbent pad was thin. It couldn’t completely absorb
the sample liquid, the detection line almost no color; No. 2, 3, and 4 sample pads could completely
absorb the sample liquid within 10 min, but No. 4 LFB detection line almost no color, which may be
due to the fast water absorption rate, the probe didn't have enough reaction time. No. 2 LFB color is
light, No. 3 LFB detection line color is clear. Therefore, the absorption pad should be H-5076, which
can fully absorb the sample test liquid, absorb water at a moderate speed and show obvious color in
the sample test line.

(b) (©)

Figure 8. The selection of (a)NC membrane; (b)Sample pad and gold conjugate pad; (c)absorbent
pad.

4.4. Optimization of experimental conditions for fixing the strip probe

The probe was fixed under three different conditions: 37 °C drying for 2 h, UV- visible irradiation
for 2 h, and air drying at room temperature. The selection result of the probe fixation mode is shown
in Figure 9a below. No. 1-3 were dried at 37 °C for 2 hours, irradiated by ultraviolet lamp for 2 hours,
and dried at room temperature respectively. No. 1 detection line colored, but light color; No. 2
detection line clear and uniform colored; No. 3 didn’t show color, indicating that the probe is not
fixed well at room temperature. Therefore, UV- visible lamp irradiation for 2 h was used as the probe
fixation method.

The influence of probe scribing concentration on the LFB was investigated by using three
scribing concentrations of 1uL /cm, 2pL /em, and 4pL /cm. The selection result of probe concentration
is shown in Figure 9b below. No. 1-3 were 1 uL/cm, 2 pL/cm, 4 pL/cm respectively. The color
rendering degree of No.1 detection line was shallow, and the edge was fuzzy, indicating that the
fixed amount of probe was too little, which affects the color rendering of the detection line. No. 2, 3
detection lines were clear color. But No. 3 detection line had clearer color rendering and neat edges.
Therefore, 4pL /cm was selected as the best marking concentration of the probe.

doi:10.20944/preprints202304.0457.v1
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(a) (b)

Figure 9. (a) Probe fixation mode selection; (b) Probe concentration selection.

4.5. Test of the lateral flow biosensor

To explore the sensitivity of the LFB, the synthetic miRNA-10b solution was diluted into
different concentrations, so that the final concentration was 1000 nM/mL, 100 nM/mL, 10 nM/mL, 5
nM/mL, 1 nM/mL. The experimental results are shown in Figure 10a. The No. 1-5 LFB were 1000
nM/mL, 100 nM/mL, 10 nM/mL, 5 nM/mL, and 1 nM/mL successively. Among them,No 1,2, 3LFBT
lines were clear, neat edges, uniform color, and the degree of color development decreases with the
decrease of concentration; No. 4 LFB T line showed color, but the color was light, indicating that it
was above the detection limit; The T line of No.5 LFB didn’t show color, indicating that the
concentration of No.5 sample was below the detection limit. Therefore, the detection limit of the strip
was 5 nM/mL.

To explore the specificity of the LFB, the identification ability of the LFB to miRNA-10b. RNA 1
and RNA 2 have 1 and 3 base errors with miRNA-10b, respectively. miRNA-21 and miRNA-429 are
different miRNAs in the human body. LFB was used to detect the above five RNAs. The results are
shown in Figure 10b. The No. 1-5 LFB were miRNA-10b, RNA 1, RNA 2, miRNA-21, and miRNA-
429 respectively. Only the No. 1 LFB T line showed color, while No. 2, 3, 4, and 5 LFB T line showed
no color. This proved that the LFB was specific to miRNA-10b.

ﬂ2|3 |4| 5l
(b)

(a)
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Figure 10. LFB (a) sensitivity and (b) specificity test results.

The results were consistent in all groups in the repeatability experiment. The stability results
showed that the storage condition and expiry date of the LFB were 4 °C for 40 days.

4.6. Serum sample detection

To explore the sensitivity of the LFB in the actual detection working environment, the freeze-
dried miRNA-10b powder was dissolved in human serum, and the final concentrations were 1000
nM/mL, 100 nM/mL, 10 nM/mL, 5 nM/mL and 1 nM/mL, respectively. miRNA-10b was detected in
simulated human body fluid environment. The experimental results are shown in Figure 11a. No 1
to 5 were 1000 nM/mL, 100 nM/mL, 10 nM/mL, 5 nM/mL, and 1 nM/mL respectively. The No. 1, 2
LFB were clear color, neat edge, uniform color, and the color degree decreases with the decrease of
concentration; No. 3 T line showed color, but the color was light, indicating that it was above the
detection limit; No. 4, 5 T line didn’t show color; It indicated that the concentration of samples 4 and
5 were below the detection limit. The detection limit of the LFB in body fluids was 10 nM/mL.

To further explore the specificity of the strip in the actual detection environment, miRNA-10b,
RNA 1, RNA 2, miRNA-21 and miRNA-429 powder were dissolved into serum, respectively. The
experimental results are shown in Figure 11b. The No. 1-5 are respectively miRNA-10b, RNA 1, RNA
2, miRNA-21 and miRNA-429. Only No. 1 LEB T line color, No. 2, 3, 4, 5 were not color. The above
results proved that LFB had good specificity in the actual sample detection environment.

d H E B § 1 B EHE B E
o
@) (b)
Figure 11. Actual sample (a) sensitivity and (b) specificity test results.

4.7. Discussion

miRNA plays an important role in the occurrence and development of various malignant
tumors[23,24]. So far, there have been a large number of laboratory studies on miRNA
detection[10,25,26], but most of them are limited to the laboratory stage and hadn’t been validated
and used clinically. There is still a long way from laboratory results to clinical application to go. Take
PC as an example. CA19-9 is the only biomarker for PC approved by the US Food and Drug
Administration [27], but it can’t be used for the early diagnosis of PC. At present, LFB for miRNA
detection is still in the laboratory stage. How to detect miRNA more sensitively and specifically, as
well as the proof of miRNA's ability to be used in practical clinical applications, still needs further
research to gain more clinical recognition.

LFB prepared in this study has high sensitivity and high specificity. The miRNA-10b signal was
transformed and amplified by DSN, which greatly improved the detection sensitivity of the LFB. The
probe designed specifically for miRNA-10b could accurately identify and capture the target DNA
fragments, so the possibility of false positive results is low. In addition, LFB has many advantages,
such as: low cost of sensor preparation, Convenient detection process, doesn’t require professional
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equipment and personnel, the detection results can be seen by the naked eye, the result interpretation
is simple. The detection time is short, Safe and non-toxic and so on. This LFB provides a new method
for miRNA detection and a new way for early mass screening of high-risk PC populations. It can
improve the low sensitivity, complex operation and limited detection means of the existing miRNA
detection methods. Provided a new method for the rapid and accurate detection of miRNA and a
new impetus for the promotion of miRNA detection methods in clinical practice. Broaden new ideas
for early diagnosis of tumor and also provides a new thinking direction for the diagnosis and
treatment of other diseases in clinic.

5. Conclusions

In this study, we designed a new miRNA detection method, which can detect miRNA-10b
quickly, conveniently and sensitively. The detection results have reference significance for the early
diagnosis of PC. The following is a systematic summary of this paper.

A sensitive and efficient miRNA detection LFB was prepared based on the cyclic transformation
and amplification of miRNA detection signals based on DSN, combined with stable and specific
AuNPs-PNA probes. In this paper, 15 nm AuNPs solution and AuNPs-PNA probe were prepared.
The experimental conditions of probe connection and fixation were optimized. The materials of the
LFB were screened. The principle of miRNA signal amplification and LFB detection was explored.
The performance of the prepared LFB was tested, including sensitivity, specificity, repeatability, and
stability. The miRNA was detected under simulated human body fluid conditions. The experimental
results are as follows:

1. The synthesized AuNPs solution was characterized by UV- visible spectrophotometer and
transmission electron microscopy. The UV-visible spectrum showed that AuNPs had a
maximum absorption peak at 520 nm. The results of transmission electron microscopy showed
that the particle size of AuNPs was about 15 nm, spherical, uniform and well dispersed.

2. AuNPs-PNA was identified by UV-visible spectrophotometer. The results showed that the
maximum absorption peak was red-shifted from 520 nm to 540 nm. The successful preparation
of AuNPs-PNA probe was proved.

3. The results of probe connection and fixation optimization experiments showed that the optimal
pH for AuNPs-PNA probe ligation was 7.2, the optimal ratio of PNA and AuNPs was 1: 20, the
optimal fixation method of the probe on the NC membrane was UV-visible light irradiation for
2 h, and the optimal concentration of the probe was 4 uL/cm.

4. The screening results of the LFB preparation materials showed that what man prima 8 was
selected as the reaction film material, fusion 3 as the sample pad material, JY-J101 as the gold
standard pad material, and H-5076 as the absorption pad material to prepare the LFB.

5.  The 4% agarose gel electrophoresis was used to electrophoresis the DSN enzyme digestion
products. The results of electrophoresis showed that DSN enzyme digestion products
concentrated in 30 bp The DSN enzyme could continuously hydrolyze the hairpin DNA of the
miRNA-10b hybridization part in the hybridization environment in the presence of miRNA-10b,
so that the hairpin DNA fragments of the unhydrolyzed part were aggregated. The length of the
hairpin DNA sequence was 55 bp, the length of the miRNA-10b sequence was 23 bp, and the
length of the unhydrolyzed hairpin DNA fragment was about 30 bp. The electrophoresis results
showed that the DSN digestion reaction was successfully carried out, and the trace miRNA-10b
signal was amplified by DSN cycle digestion.

6. The performance evaluation results of the LFB showed that the detection limit of miRNA-10b
was 5 nM/mL under the optimal conditions. It could still be accurately detected in the case of
only one nucleic acid error, which proved that the LFB had good specificity. The results of all
groups in the repeatability experiment were consistent. The stability results showed that the
storage conditions and validity of the LFB were 4°C and 40 days.

7. The actual detection environment simulation experiment results showed that the detection limit
of the LFB prepared by us is 10 nM/mL in the actual body fluid working environment, and it
could still maintain good specificity with only one nucleic acid error.
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The above experimental results showed that the LFB prepared in this study could accurately,
efficiently, easily, and quickly detect miRNA-10b. The LFB can play a guiding role in the early
diagnosis of PC and meet the clinical needs of large-scale screening of PC high-risk groups.
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