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Alzheimer’s disease (AD), one of the leading senile disorders in the world, causes severe memory loss and
cognitive impairment. To date, there is no clear cure for AD. However, early diagnosis and monitoring can help
mitigate the effects of this disease. In this study, we reported a platform for diagnosing early-stage AD using
microRNAs (miRNAs) in the blood as biomarkers. First, we selected an appropriate target miRNA (miR-574-5p)
using AD model mice (4-month-old 5XFAD mice) and developed a hydrogel-based sensor that enabled highsensitivity detection of the target miRNA. This hydrogel contained catalytic hairpin assembly (CHA) reactionbased probes, leading to fluorescence signal amplification without enzymes and temperature changes, at room
temperature. This sensor exhibited high sensitivity and selectivity, as evidenced by its picomolar-level detection
limit (limit of detection: 1.29 pM). Additionally, this sensor was evaluated using the plasma of AD patients and
non-AD control to validate its clinical applicability. Finally, to use this sensor as a point-of-care-testing (POCT)
diagnostic system, a portable fluorometer was developed and verified for feasibility of application.

1. Introduction
Alzheimer’s disease (AD), one of the known types of senile dementia,
causes severe memory loss and cognitive impairment. There is currently
no known cure for AD, and current treatment options are limited to
slowing the progression of the disease (Sperling et al., 2014). Therefore,
the development of an early diagnosis and monitoring system is
important. To date, known clinical diagnostic methods include positron
emission tomography (PET) scans using a specific radioligand (Foster
et al., 1983; Sehlin et al., 2016) and measurement of AD-associated
proteins such as amyloid-beta (Aβ) peptide, a precursor protein for Aβ

(the β-amyloid precursor protein, APP) in body fluids (e.g., cerebrospi
nal fluid and plasma) (Higgins et al., 1996; Yang et al., 2020). However,
these methods are invasive, painful, and expensive. Along with the
advancement of diagnostic technology, many studies on blood-based
biomarkers for AD have been reported since 2017 (Schindler and Bate
man, 2021). The ratios of two forms of amyloid-beta peptide
(aβ42/aβ40) (Nakamura et al., 2018), levels of phosphorylated tau
(p-tau) isoforms (Janelidze et al., 2020; Karikari et al., 2020; Mielke
et al., 2018), and the presence of brain-secreted extracellular micro
vesicles (BEVs) (Badhwar and Haqqani, 2020) in plasma have been
proposed as promising biomarkers for AD diagnosis. More recently,
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circulating RNAs, especially microRNAs (miRNAs) in the blood, have
emerged as potential biomarkers for early-stage and pre-clinical AD
diagnosis (Keller et al., 2011; Leidinger et al., 2013; Wu et al. 2020).
miRNAs are a class of endogenous non-coding single-stranded RNA
molecules with approximately 18–24 nucleotides (He and Hannon,
2004). The aberrant expression of miRNAs has been reported to be
associated with various diseases including neurodegenerative diseases
such as Parkinson’s and Alzheimer’s diseases (Silvestro et al., 2019).
Circulating miRNAs can be transported to the blood by small extracel
lular vesicles (e.g., exosomes) that can cross the blood-brain barrier
(BBB) (Saeedi et al., 2019; Samanta et al., 2018); these vesicles are
known to be enriched with small RNAs, including miRNAs. Therefore,
circulating miRNAs in the blood can be promising candidates for early
diagnostic markers of AD. In addition, high-sensitivity detection of these
miRNA markers in the blood is a minimally invasive and relatively
painless procedure. Therefore, it could be an easier and more reliable
method for the early diagnosis and monitoring of AD.
There are a variety of commercially available techniques for
detecting miRNAs, including quantitative real-time polymerase chain
reactions (qRT-PCR) (Zhang et al., 2009), oligonucleotide microarrays
(Liu et al., 2008), and next-generation sequencing (Friedlander et al.,
2008). However, these methods have limitations, such as high time
consumption, requirements for large amounts of samples, additional
labeling, and high costs. To overcome these limitations, hydrogel-based
sensors have been studied as a candidate material for the development of
diagnostic tools due to their unique properties. Hydrogels are
three-dimensional porous polymeric networks fabricated by physical or
chemical cross-linking of hydrophilic molecules, which can be made into
interfacing materials through chemical modifications to recognize
external stimuli (Sun et al., 2021). Their advantageous futures like low
cost, three-dimensional (3D) networks, negligible background colors,
non-fouling material characteristics have drawn considerable attention
in their possible roles as sensors and diagnostic tools (Kim et al., 2021).
Although hydrogels have vast strengths for biomedical application, they
are still insufficient to detect a low concentration of miRNAs in bio
logical samples.
In recent decades, extensive DNA technologies have been proposed
to replace conventional miRNA detection methods. In particular,
enzyme-free DNA strand displacement-assisted isothermal amplification
strategies, such as hybridization chain reaction (HCR) (Dirks and Pierce,
2004), catalyzed hairpin assembly (CHA) (Yin et al., 2008), and
entropy-driven catalysis (EDC) (Zhang et al., 2007), have been devel
oped for application in in-vitro diagnosis (IVD) and point-of-care testing
(POCT). These strategies require only metastable multiple-hairpin
probes or multiple strand displacement, which initiate signal amplifi
cation with target molecules. However, these methods are prone to
unintended hybridization and non-specific binding, as they are entirely
dependent on the oligonucleotide design and the use of reporter mole
cules such as fluorophores, which require special equipment to measure
the signals.
In this study, we developed a hydrogel-based miRNA sensing plat
form capable of highly selective and sensitive detection of target miRNA,
to achieve early diagnosis of AD. In particular, our platform used lip
oplex nanoparticles (LNs) for loading CHA probes, each of which con
sists of two hairpins (H1 and H2) (Hu et al., 2017). These LNs assisted,
by physically anchoring the probes onto the hydrogels and preventing
unintended hybridization between the hairpins. When a sample was
treated on this platform, our optimized buffer broke the
CHA-probe-loaded lipoplex nanoparticles (CHLNs), after which the CHA
generated a fluorescence signal when hybridized with target miRNAs.
We used samples extracted from the hippocampal tissue and/or plasma
of 5XFAD mice, and plasma of AD patients to confirm the ability of this
platform to diagnose blood-based AD, and used samples from wild-type
mice and plasma non-AD patients as controls. In addition, to utilize this
platform for POCT and facilitate early diagnosis and periodic monitoring
of AD, we manufactured a portable fluorometer and evaluated its

performance.
2. Experimental sections
The details of all reagents and procedures for material preparation
were presented in the Supporting Information.
3. Results and discussion
3.1. Overview of lipoplex-composite hydrogel platform
miRNAs are considered to be valuable biomarkers for progressive
neurodegenerative disease diagnosis and prognosis because they are
well known to be regulators of the translation of proteins (Bartel, 2004).
Therefore, analysis of neurodegenerative disease-related miRNA as a
possible diagnostic marker is a significant step toward our better un
derstanding of these diseases. To achieve this objective, we developed a
lipoplex-composite-hydrogel-based miRNA sensor and introduced a
fluorescence signal amplification strategy for high-sensitivity detection
of miRNAs using polyethylene (glycol) diacrylate (PEGDA)-based
hydrogels. Scheme 1 shows an overview of the fabrication and perfor
mance of the lipoplex-composite hydrogel platform. First, we designed a
pair of CHA probes based on our previous research studies (Guk et al.,
2019). Afterward, we encapsulated CHA probes into lipoplex nano
particles (LNs) via thin-film hydration, and referred to this combination
as CHA-probe-containing lipoplex nanoparticles (CHLNs). The LNs help
ensure that the hairpins are anchored to the hydrogel matrix without
additional modification (Scheme 1a). The CHLNs were then mixed with
a
PEGDA
hydrogel
precursor
(monomer)
solution
and
photo-polymerized in two types of hydrogel mold through irradiation
with ultraviolet light (λ = 365 nm) (Scheme 1b). Each hydrogel mold
was constructed via soft lithography using a 3D printer and poly
dimethylsiloxane (PDMS) (Fig. S1). The CHLN-containing hydrogel was
formed into cylindrical and conical shapes using various types of molds,
and the synthesized hydrogel was collected and washed with deionized
water (DW) for use. The cylindrical hydrogel was fabricated with a
diameter of 4.5 mm, for use on a 96-well plate, whereas the conical
hydrogel was fabricated for use in a 1.5-mL microtube (Scheme 1c and
Fig. S2). Each hydrogel shape was optimized for use in a microplate
reader or portable fluorescence reader. Finally, we demonstrated the
detection ability of our lipoplex-composite-hydrogel-based miRNA
sensing method using a fluorescence plate reader and portable fluo
rometer (Scheme 1d).
3.2. Analysis of Alzheimer’s disease-associated miRNA expression
profiling
To discover biomarkers in early AD, we prepared young 5XFAD mice
(4 months of age) that exhibited amyloid-β (Aβ) deposition at 2 months
and significant memory impairment at 6 months (Kim et al., 2020;
Oakley et al., 2006). These 5XFAD mice were used to analyze the
expressed microRNAs involved in Aβ deposition; these microRNAs were
expected to be useful biomarkers in the early diagnosis of AD. First, we
isolated the miRNAs from the hippocampus, which is not only respon
sible for the maintenance of learning and memory but is also associated
with cognitive dysfunction in early-onset AD (Kimura and Ohno, 2009;
Mu and Gage, 2011). Therefore, to identify the miRNAs that are
differentially regulated, we performed miRNA expression profiling using
a microarray. We compared the expression levels of mouse
mmu-miRNAs obtained from the hippocampal tissue of 5XFAD mice
with those obtained from wild-type (WT) mice (Fig. 1a). From this
analysis, we identified a cohort of 95 differentially expressed miRNA
transcripts (cut off; fold-change log2 (5XFAD/WT) ≥ 2.0) (Table S2). We
observed that 25 species of mmu-miRNAs were significantly upregulated
in 5XFAD (Fig. 1b). Four species of miRNAs, including miR-1187, which
had the highest upregulation, miR-23a-5p, miR-365-1-5p, and
2
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Scheme 1. Overview of lipoplex-composite hydrogel platform. (a) The illustration of lipoplex-composite hydrogel for miRNA detection. CHA probes encap
sulated in lipoplex nanoparticles (LNs) and LNs were physically entrained in the tightly PEGDA based hydrogel matrix. (b) Hydrogel precursor solution (PEGDA) with
CHA hairpins encapsulated in lipoplex nanoparticles (LNs) were photopolymerized in two types of PDMS hydrogel mold through irradiation with ultraviolet light
(365 nm) and (c) collected for washing. (d) The measurement performance of fabricated lipoplex-composite hydrogel with early-AD-associated miRNA by fluo
rescence plate reader or portable fluorometer.

miR-574-5p, which completely matched with human miRNA transcripts,
were selected (Table S3). For further confirmation of the expression
levels of the miRNAs selected in 5XFAD, we conducted quantitative
real-time polymerase chain reactions (qRT-PCR) and determined that
these miRNAs were overexpressed, similar to the microarray results
(Fig. 1c). In addition, we observed miRNA expression in the blood of
5XFAD and WT mice, confirming their potential as diagnostic bio
markers for liquid biopsies (Fig. 1d). The qRT-PCR results confirmed
that the expression levels of miR-1187 and miR-574-5p were consistent
in the blood and hippocampus. Based on these data, we searched for
research results showing that these miRNAs have an effect on AD. Ac
cording to literature, miR-574-5p regulates amyloid precursor protein
(APP) expression for AD pathogenesis, and its increased expression has
been reported to cause significant synaptic loss and cognitive deficits in
the hippocampus (Li et al., 2015; Zhang et al., 2014). Thus, we selected
miR-574-5p as an appropriate biomarker for early diagnosis of AD.

this system can be amplified via treatment of 1 pmol of T with 25 pmol of
H1 or H1 + H2 solution. Afterward, we measured the fluorescence signal
for 2 h (Fig. 2c). When only H1 was present, the signal increased by only
2 times in response to the target, whereas in the solution with H2, the
signal increased by almost 6 times. In addition, we evaluated the
selectivity of the probe set using single-base (1MS) or double-base
mismatched (2MS) sequences. A significant difference in fluorescence
from that of the perfectly matched T was observed (Fig. 2d).
We then synthesized the CHA-hairpin-containing lipoplex nano
particles (CHLNs). Fig. 2e illustrates how hairpins escaped from CHLNs
within the hydrogels. Although LNs enabled physical integration into
the hydrogel without special modification, these envelopes must be
removed to allow the target miRNAs to be detected during the sensing
process. Thus, we concocted a master buffer in which triton X-100 (Tx100), a nonionic detergent that could remove lipid membranes, was
mixed with a TNaK buffer, which is used mainly for CHA, and confirmed
that the master buffer could effectively release the hairpins (Lopez et al.,
1998). The membranes of the LNs were stained with Nile red, and H1
encapsulated in the LN was observed under a fluorescence microscope
(Fig. 2f). The diameter of the LNs was approximately 900 nm (Fig. S3).
As a result of 1% Tx-100 treatment on the LN solution and size mea
surements at 10-min intervals, almost all LNs were observed to have
been removed within 10 min (Fig. 2g). In addition, it was confirmed that
when the target was processed with this buffer, the hairpins were
effectively emitted to the outside, which increased the signals (Fig. 2h).

3.3. Demonstration of signal-amplifiable system in lipoplex-composite
hydrogel
As shown in Fig. 2a, the CHA-circuit-based hairpins (H1 and H2)
were designed to enable amplification of fluorescent signals through
allosteric transformations that can be catalytically triggered via hy
bridization with miR-574-5p and a reporter H1 labeled with a fluo
rophore (5′ FAM: Ex./Em. max = 492/518 nm) and quencher (3′ BHQ-1:
Abs. ~530 nm). Each hairpin was separately loaded into the LNs to
reduce the occurrence of noise signals due to non-specific reactions. This
strategy was initiated when the target was bound using hairpin 1 (H1),
and the signal was dramatically increased because of a DNA cascade
reaction. To prove the functionality of this system, we conducted gel
electrophoresis of the products obtained from CHA reactions. As shown
in Fig. 2b, the highest fluorescence signal was observed in lane 5, which
contained H1, H2, and target DNA (T). Contrarily, only a weak reaction
was observed in lane 3, which did not have H2. This difference showed
that H2 intervened in H1–T binding and amplified the fluorescence
signal by generating H1–H2 binding. We confirmed that fluorescence in

3.4. Characterization and miRNA detection using lipoplex-composite
hydrogel
To develop a lipoplex-composite hydrogel capable of highly sensitive
miRNA detection, CHLNs were immobilized on a PEGDA-based hydro
gel. Immobilized CHLNs on the hydrogel were spatially separated into
H1 and H2 prior to use, to prevent non-specific signal amplification and
minimize external leakage of the hairpin during the washing process. As
shown in Fig. 3a, cylindrical hydrogels (diameter: 4.5 mm, height: 1
mm) were fabricated and optimized to be applicable to commercial 96-
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Fig. 1. Analysis of miRNA expression profiles in Alzheimer’s disease. (a) Heat map of miRNAs showing significant fold changes (log2 (5XFAD/WT) ≥ 2.0 in
miRNA expression levels in 5XFAD hippocampus compared with wild type. Total of 25 species of upregulated and 70 species of downregulated miRNAs. High and
low expressions are denoted in yellow and blue, respectively. (b) Fold change values of upregulated miRNAs in heat map. (c–d) Real-time PCR analyses of four
miRNAs: miR-1187, miR-23a-5p, miR-365-5p, and miR-574-5p, from hippocampal tissues (c) and plasma (d). Expressions of miRNAs were measured and normalized
to that of U6 and shown relative to intensity expression level. Values represented as means ± s.d. (n = 3).

well plates. In addition, these lipoplex-composite hydrogels were
observed through a fluorescence microscope, which revealed that the
CHLNs were stably immobilized on the hydrogel despite several washing
steps. The composition of LNs and hydrogel was observed using cryoSEM (Fig. 3b). Therefore, a novel hydrogel sensor platform with
miRNA detection capability was implemented via stabilization of CHLNs
in the hydrogel.
However, these high-density matrices of the hydrogel could lower
the transmittance of the hydrogel and thus hinder movement of the
material, which could interfere with miRNA detection. Therefore, we
had to verify that the lipoplex-composite hydrogel had sufficient
transmittance to allow miRNAs to enter, using a fluorescent model
molecule. To confirm this, a small (20-nt) DNA target combined with a
Cy5 fluorophore and 70 kDa FITC-dextran (Stokes’ radius: 6 nm) was
treated using a CHLN-unloaded hydrogel and washed sufficiently, after
which the fluorescence of the hydrogel was observed. Fig. 3c shows the
results for Cy5–DNA and FITC-dextran-treated hydrogels in Cy5 and
FITC fluorescence channels, respectively. These observations indicated
that the hydrogel served as an effective pore for miRNA permeation.
Afterward, various concentrations of target DNA or target RNA were
treated using lipoplex-composite hydrogels. To evaluate its sensing
ability, the completely dried hydrogel was placed on a 96-well plate, and
the fluorescence intensities before treatment and 2 h after treatment
with various concentrations of target DNA (or RNA) (50 μL) were
measured. Fig. 3d shows fluorescence intensities of lipoplex-composite

hydrogels treated with targets of concentrations ranging from 1 pM to
100 nM, revealing that fluorescence gradually increased as the con
centration of the target increased (Fig. S4). Based on this result, the
fluorescence intensity was calculated to be linearly dependent on the
logarithm (log) of the concentration of the target in the range 1 pM to 1
μM (Fig. 3e, Fig. S5). The linearly fitted equation was y = 163.76x +
4420.3 (R2 = 0.9851, target DNA) and y = 548.18x + 14784 (R2 =
0.9873, target RNA), where y is the fluorescence intensity, and x is the
target DNA concentration. Based on the formula (Limit of detection
(LOD) = 3 × standard deviation of linear regression (σ)/slope (m)), the
LOD was estimated to be 1.29 pM (target DNA) and 1.23 pM (target
RNA).
To validate the clinical applicability of the lipoplex-composite
hydrogel, we evaluated this platform using individual RNA samples
extracted from 5XFAD and WT hippocampal tissue and blood (n = 7).
Fig. 4a shows fluorescence intensities of 50 μL of RNA (250 ng, 5 ng/μL)
extracted from the hippocampal tissue, treated, and reacted with
lipoplex-composite hydrogel for 2 h. The miR-574-5p level in the hip
pocampal samples was highest in 5XFAD. Conversely, the miRNA level
of the WT mouse was less elevated than that of a no-template control
(NTC) (Fig. 4c). In the same way, 100 ng of RNA (2 ng/μL) extracted
from blood was treated using hydrogel, and the fluorescence was
measured after 3 h. The original fluorescence images of lipoplexcomposite hydrogels with RNA samples are shown in Fig. S6, where
red indicates high intensities. As shown in Fig. 4b and d, 5XFAD
4
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Fig. 2. Evaluation of signal-amplifiable CHA circuit system. (a) Principle of catalytic hairpin assembly (CHA) circuit assisted amplification in miR-sensing hydrogel.
(b) (i) Fluorescence and (ii) normal gel electrophoresis images of catalytic assemble reaction. Fluorophore (FAM) and quencher (BHQ1) were tagged at ends of H1. M,
DNA marker; lane 1, H1; lane 2, H2; lane 3, H1 and T; lane 4, H1 and H2; lane 5; H1, H2, and T. (c) Fluorescence amplification through CHA reaction with 100 nM of
mimic miRNA. (d) Selectivity of CHA circuit system. (e) Schematic illustration of CHA hairpin escape from lipoplex nanoparticles (LNs) via repartition of membrane.
TritonX-100 (Tx-100) detergents containing buffer, master buffer, aided to out encapsulated hairpins from LNs. Escaped hairpin responds to target miRNA and
initiates signal amplification reaction. (f) Fluorescence images of CHA-hairpin-containing LNs (CHLNs) (inside upper image, zoomed image of individual lipoplex
nanoparticle). Lipophilic dye (Nile red) was used to stain lipid membrane, and fluorophore was used at 5′ ends of modified H1. Red and green fluorescence indicate
LNs and H1, respectively. (g) Size measurement of LNs in Tx-100 with buffer for 1 h. (h) Comparison of fluorescence intensities with and without Target for 2 h.

Fig. 3. Preparation and characterization of lipoplex-composite hydrogels. (a) Characterization of lipoplex nanoparticles (LNs) entrained in PEGDA hydrogel. (i)
Hydrogel was fabricated in cylindrical PDMS mold via photopolymerization. Hydrogel is 4.5 mm in diameter and 1 mm in height, optimized for application on
commercial 96-well plate. (ii-iii) Fluorescence microscope images of LNs entrained in hydrogel. Green fluorescence represents encapsulation of FAM-tagged H1 in
LNs. (b) Cryo-SEM images of LNs entrained hydrogel. (c) Diffusion test of PEGDA hydrogel. Fluorescence images present permeability using 1 μM of Cy5-modified
oligonucleotides (20 nt) and 2 mg/mL of 70 KDa FITC-Dextran (Stokes’ radius of 6 nm) that were used as model molecules. (d) Heat map showing fluorescence
intensities of lipoplex-composite hydrogel with various concentrations of targets. A, Blank; B, 1 pM; C, 10 pM; D, 100 pM; E, 1 nM; F, 10 nM; G, 100 nM. Fluorescence
of lipoplex-composite hydrogel measured from triplicate tests. (e) Sensitivity of lipoplex-composite hydrogel. Detection limits are estimated using various con
centrations of targets (1 pM–1 μM). Values represented as means ± s.d. (n = 3).
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Fig. 4. Performance of lipoplex-composite
hydrogels with in-vivo samples. Heat map
showing fluorescence intensities of lipoplexcomposite hydrogel with RNA samples isolated
from hippocampal tissue (a) and plasma (b) (n = 7).
Total of 250 ng of tissue RNAs and 100 ng of plasma
RNAs were treated using lipoplex-composite
hydrogels. (c–d) Fluorescence intensity of lipoplexcomposite hydrogel was measured after 2 h (tissue
RNA) or 3 h (plasma RNA) incubation at room
temperature (n = 7).

exhibited the highest fluorescence signal compared to those of WT and
NTC; these results were similar to those for the hippocampal tissue. The
results from both samples showed not only that is 5XFAD distinct from
NTC, but also that the expression pattern was consistent with the results
of microarray and qRT-PCR analyses.

AD patient. Conversely, the miRNA level of the non-AD control was less
elevated than that of a no-template control (NTC). As shown in Fig. 5f,
AD patient exhibited the highest fluorescence signal compared to those
of non-AD control and NTC. The expression pattern was consistent with
the results of qRT-PCR analyses. Therefore, it was demonstrated that this
novel miRNA sensing platform could be used for early AD diagnosis.

3.5. miRNA sensing performance using clinical samples

3.6. miRNA sensing performance using portable fluorometer

Finally, we evaluated miRNA sensing platform using clinical sam
ples. We classified clinical samples into a positive group and a control
group based on amyloid, tau, and neurodegeneration, the main bio
markers of Alzheimer’s disease (AD patient; positive amyloid (A+), tau
(T+) and neurodegeneration (N+) and non-AD control; (A-/T-/N-)).
First, the expression levels of miR-574-5p and miR-1187 previously
verified with qRT-PCR in plasma and CSF were confirmed (Fig. 5a–d).
Fig. 5a and b shows the expression levels of miR-574-5p (Fig. 5a) and
miR-1187 (Fig. 5b) in the patient’s plasma compared to the non-AD
control (n = 8). Similar to the results in the 5XFAD model, the level of
miR-574-5p was confirmed to increase by about 1.7 times compared to
the non-AD control, but the level of miR-1187 decreased. In CSF, the
level of miR-574-5p increased (Fig. 5c), but miR-1187 did not increase
noticeably (Fig. 5d).
To verify the applicability of the lipoplex-composite hydrogel in
clinical practice, we evaluated this platform using individual RNA
samples extracted from plasma of AD patient (n = 8) and non-AD control
(n = 8). Fig. 5e shows fluorescence intensities of 20 μL of RNA (50 ng,
2.5 ng/μL) extracted from plasma and reacted with lipoplex-composite
hydrogel for 2 h. The miR-574-5p level in the plasma was highest in

Furthermore, a portable fluorometer was developed to enable
application of the proposed method as a point-of-care-testing (POCT)
platform for early AD diagnosis (Shin et al., 2021; Zhu et al., 2018). As
mentioned previously, the advantage of this hydrogel was its control
lable, highly flexible shape, which could be modified via photo
polymerization. In addition, hydrogels are particularly suitable for
designing fluorescence sensors because of their negligible background
colors and fluorescence emissions (Lee et al., 2020). A portable fluo
rometer that could measure the fluorescence of lipoplex-composite
hydrogels was therefore designed as shown in Scheme 1d. For this de
vice, a cone-shaped hydrogel was manufactured to fit the size of the
microtube. On top of the device, a cell for measuring the fluorescence of
the tube, a display panel for showing the measured signal, and a red LED
that lights up within a positive signal were installed. A pressable button
at the bottom of the cell was programmed to activate the LED inside
when pressed with a tube (Fig. 6a). Fig. 6b shows a schematic illustra
tion of the internal components of the portable fluorometer. White light
source from the LED passed through an excitation filter (486 nm) that
allowed only a narrow band of wavelengths through it; these
6
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Fig. 5. Performance of lipoplex-composite hydrogels with clinical samples. (a–b) Real-time PCR analyses of (a) miR-574-5p and (b) miR-1187 from plasma of
AD patients (A+/T+/N+) and non-AD control (A-/T-/N-). (c–d) Real-time PCR analyses of (c) miR-574-5p and (d) miR-1187 from CSF of AD patients (A+/T+/N+)
and non-AD control (A-/T-/N-). Expressions of miRNAs were measured and normalized to that of U6 and shown relative to intensity expression level. (e) Heat map
showing fluorescence intensities of lipoplex-composite hydrogel with RNA samples isolated from plasma sample. Total of 50 ng of plasma RNAs were treated using
lipoplex-composite hydrogels. (f) Fluorescence intensity of lipoplex-composite hydrogel was measured after 2 h incubation at room temperature. Values represented
as means ± s.d. (n = 8).

Fig. 6. Evaluation of lipoplex-composite hydrogel using portable fluorometer. (a) Internal view of home-made portable fluorometer. (b) Schematic illustration
of internal components of portable fluorometer. (c) Fluorescence measurement of lipoplex-composite hydrogel with various concentrations of mimic targets for 5 s
using portable device. Device measured fluorescence signal 5 times per second, and signal of 500 a.u. was set as baseline. (d) Mean values of fluorescence intensity
measured by portable fluorometer for 5 s (25 points).
7
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wavelengths excited the fluorophore in the hydrogel. The emitted
fluorescence of the hydrogel then reached the detector through an
emission filter (narrow band filter: 508 nm, longpass filter: 495 nm) that
allowed only the desirable fluorescence.
To demonstrate the use of the portable fluorometer, we measured the
fluorescence of lipoplex-composite hydrogel samples loaded in the tube
after treatment with target DNA at various concentrations (1.6 nM–100
nM). Fig. 6c illustrates the resulting fluorescence intensities for 5 s after
treatment. This device measured fluorescence 5 times per second. To
calculate the average of the fluorescence values measured by this device,
the fluorescence values were recorded for 5 s. A signal of no-template
control (NTC, blank) was referenced as a control, and 500AU was set
as the baseline. Fig. 6d shows the mean values for lipoplex-composite
hydrogels with various target miRNA-574-5p concentrations; their
fluorescence values gradually increased as the target miRNA concen
tration increased. From these results, we confirmed that this portable
fluorometer with lipoplex-composite hydrogel platform was applicable
for use in the field as a POCT device.
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