Bioorganic Chemistry 107 (2021) 104605

Contents lists available at ScienceDirect

BIO-ORGANIC
CHEMISTRY

Bioorganic Chemistry

journal homepage: www.elsevier.com/locate/bioorg

ELSEVIER

t.)

Check for

A colorimetric nano-biosensor for simultaneous detection of prevalent ol
cancers using unamplified cell-free ribonucleic acid biomarkers

Hamidreza Mollasalehi ® ", Elmira Shajari”

@ Department of Microbiology and Microbial Biotechnology, Faculty of Life Sciences and Biotechnology, Shahid Beheshti University, Velenjak, Tehran Postal Code:
1983969411, Iran
b protein Research Center (PRC), Shahid Beheshti University, Velenjak, Tehran, Iran

ARTICLE INFO ABSTRACT

Keywords: Early detection of cancer increases the chance of effective treatment and survival rates. The aim of this study is to
Cancer diagnosis develop a rapid and non-invasive nano-biosensing method to screen common lethal cancers in their early stages.
miRNA

In that regard, two circulating microRNA (miR-21, miR-155) biomarkers, which are upregulated in plasma in
prevalent cancers, were targeted by a rapid and colorimetric nano-biosensor based on non-crosslinking Au-
nanoprobes without amplification requirement. Multiple cancerous cell lines, including A549, MCF7, HT-29,
A2780, AGS, MKN-45, and SW-1736 and the primary fibroblast were examined with naked eyes after the hy-
bridization assay using exogenous biomarkers. The results were also confirmed by spectroscopy analysis. The
upregulated miRNAs in cancerous cell lines caused a significant blue shift in the Au-nanoprobe absorbance
spectrum while the samples isolated from normal cells remained intact red. The limit of detection (LOD) of the
method was determined to be less than one ng/uL of total isolated miRNA using an instrument-free visual
method. The developed geno-sensing method could serve as a simple, point-of-care platform for cancer prognosis

Gold genosensor
Colorimetric assay
Non-crosslinking aggregation

and diagnosis, leading to operative nano-theranostics.

1. Introduction

Due to the increasing level of cancer death each year, the main pri-
ority of many countries is spending high time and cost for diagnosis and
therapy. Research shows that five-year survival increases by 10-70%
only if the disease is diagnosed at early stages while still localized [1].
However, effective treatment is not possible when most cancers usually
show clinical symptoms at the final fourth stage of metastasis. Therefore,
early detection of cancer could increase the chance of effective therapy
and recovery.

One of the important biomarkers in the blood and other body fluids is
microRNA with small non-coding sequence and significant roles in
alteration of post-transcriptional modification of genes. miRNAs are
considered potential biomarkers because of their specific profile in many
diseases, high stability in the blood and body fluids, high specificity, and
being highly conserved [2]. In that regard, circulating biomarkers,
including cell-free miRNAs, seem to be less invasive targets for cancer
diagnosis compared with an invasive tissue biopsy, especially for can-
cers with inaccessible tissues for biopsy [3]. Aimed at simultaneous

detection of prevalent cancers and among the miRNA dysregulations,
the most common miRNA biomarkers were required. According to the
latest update of the miRCancer database, the elevation of miR-21 and
miR-155 were addressed in many common lethal cancers such as lung,
breast, colon, pancreas, etc. [4]. Therefore, they could well serve as the
general biomarkers for the detection of cancer cells. MiR-21 and miR-
155 both are considered as oncomiRs. OncomiRs target the tumor sup-
pressor genes and play essential roles in tumor cell invasiveness and
resistance to apoptosis [5,6]. However, miR-155 behaves as a tumor
suppressor in some other cases such as gastric and ovarian cancer [7,8].

The conventional methods for miRNA detection, including micro-
array, qRT-PCR, and northern blot, generally need a large amount of
input miRNA and are considered to be costly, time-consuming, and so-
phisticated. Therefore, there is a remarkable demand for a low-cost,
point-of-care method with high sensitivity and specificity [9]. Gold
nanoparticles (Au-NPs) could serve as an all-in-one solution for
biomarker detection due to their remarkable optical properties, various
surface modifications, and biocompatibility [10,11].

Colorimetric methods of sensing oligonucleotides have attracted
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significant interest in molecular detection because of their simplicity,
direct visualization, and rapid result [12-14]. The principle of differ-
entiation is based on strong localized surface plasmon resonance (LSPR)
characteristic of Au-NP. There are two main strategies for developing
color differentiation between positive and negative samples: Cross-
linking and non-crosslinking hybridization [15]. In the crosslinking Au-
nanoprobes method, two nanoprobes with complementary sequences to
two separate half of target DNA are employed. Hybridization of these
nanoprobes with target DNA leads to the Au-NP aggregation and blue
shift [16]. The non-crosslinking (NCL) method has priority over the
crosslinking method because of its simplicity and quick response. Two
distinct non-crosslinking aggregation mechanisms are presented: The
first method was introduced by Sato and co-workers for the identifica-
tion of short synthetic oligonucleotides [17]. In this method, the length
of the target sequence must be of identical probe length attached to the
nanoparticle. Further, in the presence of the target sequence, aggrega-
tion and blue shift occur. This phenomenon could be correlated mainly
to reduced electrostatic repulsion by shielding effects of electrons
resulting in increased binding affinity of the opposing ions and/ or
reduction of space repulsion due to reduced entropy and harder oligo-
nucleotide conformations. The second method was proposed by Baptista
et al. for longer oligonucleotide sequences e.g. mRNA, genomic DNA,
PCR products, and pathogen genes in detection approaches [18]. Unlike
the first method, in the presence of the target sequence, an increase in
the stability of nanoprobes and therefore, prevention of blue-shift
occurs.

In this study, we developed a colorimetric nanobiosensor for simple
diagnosis of prevalent lethal cancers using extracellular miRNAs. We
reported the simultaneous detection of the prevalent lethal cancers
using a single-tube visual assay based on non-crosslinking Au-nanop-
robes. The assay was performed directly bypassing the need for a nucleic
acid amplification step. In that regard, the dysregulation of two early-
phase biomarkers including miR-21 and miR-155 were analyzed by
two designed nanoprobes in various cancer cell lines.

2. Material and methods
2.1. Materials

Chemicals including guanidium thiocyanate, octanoic acid, 2-mer-
captoethanol, and RNaseZAP were obtained from Sigma (USA). So-
dium chloride (NaCl), Monosodium phosphate-monohydrate
(NaH3POy4), Disodium phosphate- heptahydrate (NaoHPOj4), Tris-HCI,
Tris-base, Ultrapure Ethanol, HAuCly, sodium citrate, and EDTA were
supplied by Merck (Germany). Tris(2-carboxyethyl) phosphine hydro-
chloride powder (TCEP) was purchased from BioBasic (Canada).
Approximately 20-30 nm diameter spherical gold nanoparticles were
provided by Fanavarane Shimi Saman, which were prepared by citrate
reduction of HAuCls.The culture medium supernatant of cell lines
including human lung cancer (A549), human breast adenocarcinoma
(MCF7), human colon cancer (HT-29), human ovarian carcinoma
(A2780 ep), human gastric cancer (AGS), human gastric cancer (MKN-
45), human thyroid cancer (SW-1736) and normal human primary
fibroblast cell lines was provided by the cell bank of Pasture Institute
(Iran).

2.2. Synthesis and characterization of Au-NP

Gold nanoparticles were provided by Fanavarane Shimi Saman, and
synthesized using thermal citrate reduction method [19] in which Au-
NPs are formed by the reduction of Au salts in water using citrate ions
as a reducing agent. 25 mL of the 1.0 mM HAuCl, was added to a 50 mL
Erlenmeyer flask on a stirring hot plate and allowed to heat while stir-
ring. About 2.5 mL of 38.8 mM sodium citrate was added gradually to
the boiling solution. The boiling was continued for about ten minutes. As
Au-NPs were formed, the solution turned deep red. In that case, the
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heating was stopped and stirring continued for another ten minutes.

UV-Vis spectrum of Au-NP was analyzed by Nanodrop Thermo
Fisher Scientific 2000/2000c Spectrophotometer. To characterize the
morphology of Au-NP, 1 mL of the synthesized Au-NP colloid was
lyophilized for imaging with Hitachi SU3500 scanning electron micro-
scope (SEM). Furthermore, the size and polydispersity index (PDI) of Au-
NP were measured by Sympatech Nano Phox 90.246.V dynamic light
scattering (DLS).

2.3. Designing target probes

Probe design was based on the conserved and mostly reported se-
quences of miR-21 and miR-155. In both biomarkers, the 5p sequence
type was selected. The selected sequences were aligned using BLASTn
[20] in order not to overlap with other genes. The complementary 5’-
thiol modified DNA probe-1 (targeting miR-21) & probe-2 (targeting
miR-155) were synthesized by Bioneer (South Korea). The final se-
quences of miR-21 and miR-155 and their complementary probes are
mentioned in Table 1.

2.4. Au-NP functionalization

The functionalization procedure was performed to conjugate the
designed probe to the surface of Au-NP [21]. In brief, to activate the
thiol-modified oligonucleotides, 10 uL of 50 uM probes was mixed with
0.5 pL of 1 mM freshly prepared TCEP. The mixture was incubated for
one hour at room temperature. Then 87 pL. Au-NP (around 9.7 nM) was
added and incubated for 16 h. Afterward, the mixture was salt-aged
(gradually salt addition over one hour) in five steps with 15-minute
intervals between the steps to reach the final concentration of 0.1 M
NaCl and 10 mM phosphate buffer (pH = 7). Following salt addition, the
mixture was incubated for 40 h at room temperature. The solution was
centrifuged for 45 min in 14000 x g, and the supernatant was discarded.
The precipitate was diluted in 60 pL washing buffer containing 0.1 M
NaCl and 10 mM phosphate buffer (pH = 7). The last washing step was
repeated three times. The DNA-functionalized Au-NPs had the same
color (red) with unmodified Au-nanoprobes. However, about 25% of Au-
NP would be washed away during hands-on experiments [22]. The final
Au-nanoprobe concentration was determined to be around 6.5 nM. Gold
nanoparticles should be stored at 4C until use.

2.5. miRNA isolation

Extracellular miRNAs should be isolated from other content of media
such as cell debris, proteins, DNA, etc. For miRNA isolation, Gu/OcA
protocol was used with some modifications. First, all cells were sepa-
rated from growth media and discarded after centrifugation. 150 pL of
the cell-free media was mixed with 225 pL of denaturing buffer,
including 0.6 M guanidium thiocyanate and 0.5% octanoic acid. The
mixture was vortexed for 5 s and incubated for 3 min at room temper-
ature followed by centrifugation for 3 min at 10000g. Following the
centrifugation step, the supernatant was mixed with an equal volume of
ethanol 95%. The mixture was poured into a silica column and centri-
fuged for 1 min at 10000g. After the removal of flow-through, two
washing steps were applied with two separate washing buffers. The first

Table 1
Sequences of microRNAs and their complementary probes.
Note Sequence (5'—3')
miR-21-5p 5-UAGCUUAUCAGACUGAUGUUGA-3’
miR-155-5p 5'-UUAAUGCUAAUCGUGAUAGGGGU-3'
Probe-1 (miR-21-5p HO—(CHy)¢ —S—S— (CHa)e-5'-
complementary) TCAACATCAGTCTGATAAGCTA-3'
Probe-2 (miR-155-5p HO—(CHz)¢ —S—S— (CHp)e-5'-
complementary): ACCCCTATCACGATTAGCATTAA-3'
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washing buffer included 5 M guanidium thiocyanate, 10 mM Tris-
acetate (pH = 6.5), ethanol 50%, and 1% 2-mercaptoethanol. The sec-
ond washing buffer contained 10 mM Tris-HCl (pH = 7.5), 0.1 mM NaCl,
and 75% ethanol. After centrifugation, the flow-through was discarded.
To elute the miRNA from the silica column, 120 uL of TE buffer (10 mM
Tris-HCl, 1 mM EDTA, pH = 8) was added and centrifuged for 15 min at
4000g. The final flow-through contained isolated miRNAs.

DEPC-treated (0.1%) deionized water was used in all experiments.
All plastics and glass vessels were cleaned by RNaseZAP to complete the
removal of RNase contamination.

2.6. Colorimetric detection of target miRNA

Prior to the detection assay, the concentration of isolated RNA was
measured by Nanodrop and normalized to 4 ng/ pL. 0.5 uL of isolated
miRNA (4 ng/uL) was added to 4 pL of Au-nanoprobes, including Au-
nanoprobe-1 and 2 in separate microtubes. The solution was incu-
bated at 65C for 2 min, followed by 3 min incubation at 50C. After
hybridization, 0.5 pL. NaCl 4 M was added to the tube. Samples related to
cancer and normal cell lines were handled separately under all identical
experimental conditions. The negative control sample contained human
normal fibroblast, and the blank sample contained TE buffer without
nucleic acid. The color change was detectable significantly without any
sophisticated instruments two seconds after salt induction. However, the
sample solutions were investigated by spectrophotometer for quantita-
tive analysis. We scanned and analyzed the SPR band of a positive
(aggregated) and negative (non-aggregated) Au-nanoprobes and desig-
nated the aggregation peak of 650 nm and non-aggregation peak of 520
nm as the most appropriate wavelength for further investigation.
Finally, the aggregation absorption wavelength of 650 nm was selected
for the end-point analysis and point-to-point comparison (Supplemen-
tary Fig. 1).

2.7. Reliability analysis

For assessment of exact sequences of miRNAs and the corresponding
probes, miR-21 and miR-155 reverse complementary sequences were
synthesized and used as specific target of Au-nanoprobes in the colori-
metric assay. To maintain consistency of the results, we diluted the
synthesized oligonucleotides to the mean concentration of isolated
miRNA from samples (4 ng/pL). The colorimetric assay was performed
identically to the real samples and final results were transferred onto a
Whatman filter paper for a better resolution.

2.8. Determination of detection limit

To investigate the minimum required amount of miRNA for the
visible color change, a serial dilution of the isolated RNA from breast
cancer cell line in TE buffer was prepared in five microtubes. The con-
centration of the extracted miRNAs was 20 ng/ uL. However, it was
normalized to working concentration of 4 ng/ pL. Finally, the diluted
concentrations of 2, 1.5, 1, and 0.8 ng/ uL. were prepared and a fixed
appropriate volume was added to Au-nanoprobe 1. After salt induction,
the colorimetric differentiation of the series was analyzed.

2.9. Statistical analysis

The provided experimental test were performed in at least triplicates
under identical experimental condition and the expressed data were the
mean + standard error of the mean. Statistical analysis was performed
using t-test to determine significant differences between the means of
sample groups. Values with P < 0.05 were considered statistically sig-
nificant and accepted.
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3. Results

Gold nanoparticles were conjugated to the complementary oligonu-
cleotides to target the extracellular miRNA biomarkers for the direct
diagnosis of common lethal cancers. Color differentiation is based on the
salt-induced blue shift of Au-nanoprobes upon complementary hybrid-
ization, which is correspondent to upregulation of target miRNAs. All
colorimetric assays were performed on normalized concentrations of
isolated RNAs.

3.1. Au-NP characterization and conjugation

The presence and dispersion of Au-NP before and after functionali-
zation was recorded by UV-Vis spectroscopy scanning 300-800 nm. It
illustrated the maximum peak of 520 nm which was related to the
monodisperse (not aggregated) state of particles and nanoprobes
(Fig. 1a). The spherical morphology and required size of Au-NP was
determined and confirmed before and after conjugation with oligonu-
cleotide probes by transmission electron microscopy (TEM) (Fig. 1b). It
was revealed that after functionalization with probes, the particles
seemed to be more disperse than Au-NP because of increased charge
density around Au. The mean size of Au-NP was measured to be 23.30
nm, and also the polydispersity index (PDI) of particles was calculated to
be 0.02, which indicated limited particle size distribution (Fig. 1c).

For stability analysis and to confirm the conjugation of oligonucle-
otides to Au-NP, the salt induction assay was performed for both bare
Au-NP and Au-nanoprobes. The test is based on the increased anionic
density around Au-nanoprobes in comparison to AuNP subsequent to
successful functionalization. The bare Au-NP aggregated in concentra-
tion of 0.02 M NaCl and the solution turned blue. However, at that
concentration, Au-nanoprobes did not change in color and absorption
wavelength (with maximum absorbance peak at 524 nm) up to the
concentration of 0.1 M NacCl.

3.2. Colorimetric assay

In the colorimetric assay, three samples (test, negative, and control)
were prepared. The isolated miRNA of each cell line with normalized
concentration was added to separate microtubes, including Au-
nanoprobe 1 or Au-nanoprobe 2. After hybridization procedure and
salt adjustment, all cancerous samples in the case of Au-nanoprobe-1
appeared as blue/gray. In a parallel approach with Au-nanoprobe-2,
the samples related to A549, MCF7, HT29, and SW1736 appeared as
blue/gray, the sample related to A2780ep appeared as purple-blue and
MKN-45 was observed as red- purple, while AGS sample displayed red
(Fig. 2). All experiments were carried out using at least three samples.
The UV-visible absorbance of all samples was recorded at 650 nm for
further quantitative comparative analysis (Fig. 2). Both negative sam-
ples comprising normal cell line of human primary fibroblast and control
blank samples did not display any color alteration. The complete results
of these two nanoprobes were shown in Table 2.

It should be noted that both blue and purple were considered positive
results because of the blue shift in UV-Vis wavelength absorption
(Fig. 2).

3.3. Sensitivity and reliability of the colorimetric assay

This assay was conducted on the serially diluted amount of
normalized isolated RNA to determine the LOD of the assay. The least
concentration of target miRNA that could induce visual color change
and differentiation detectable by naked eyes was considered LOD of the
assay. The color change was detectable significantly at or above one ng/
uL diluted RNA, as shown in Fig. 3. There is a time dependency on the
quality and intensity of color change in Au-nanoprobes. In that regard,
as the time increases after salt induction, some portions of aggregates
tend to precipitate (in black). Although the differentiation of color
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Fig. 1. Characterization of Au-NP and Au-
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between samples was started and detectable after two seconds, however,
qualitative analysis of the samples was recorded after some intervals to
reach the best visual differentiation e.g., ten minutes after salt induction.
It should be noted that the minimum reported amount of miRNA cor-
responds to total miRNA in which the target miRNA is a portion. In that
regard, it could be claimed that the detection limit of the developed
method is less than one ng/uL. All experiments were carried out using at
least three identical repeats.

For assessment of the reliability of the colorimetric assay, synthe-
sized sequences of miR-21 and miR-155 (reverse complementary se-
quences of each nanoprobe) were hybridized to Au-nanoprobes. The
results on Whatman filter paper showed that Au-nanoprobe 1 and 2
could significantly induce color change to purple/gray upon hybridi-
zation to their target complementary sequences (Fig. 4).
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4. Discussion

In this study, extracellular dysregulated miRNAs were detected
colorimetrically using the non-crosslinking method of Au-nanoprobes.
Since the target molecules were 19-24 bp length, the identical hybrid-
ization non-crosslinking assay was expected for the aggregation mech-
anism. In 2010, this method was used for detection of chronic myeloid
leukemia (CML) with targeting fusion BCR-ABL mRNA [23] and the
sensitivity was reported as 10 ng/uL of total human RNA. However, to
the best of our knowledge, this is the first report on the usage of the NCL
aggregation method for the simultaneous detection of common cancers
by targeting unamplified miRNA molecules. The conjugation of target
miRNAs to their complementary Au-nanoprobes results in their aggre-
gation and blue shift which could be visualized by naked eyes and
recorded by spectrophotometric comparison of color before and after
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Table 2
The color of nanoprobes after hybridization assay in different cell lines.

Cancer Cell line Nanoprobe-1 Nanoprobe-2
Control _ Red Red

Normal Primary fibroblast Red Red

Lung A549 Blue Blue

Breast MCF7 Blue Blue

Colon HT29 Blue Blue
Ovarian A2780ep Blue Purple- Blue
Thyroid SW1736 Blue Blue

Gastric AGS Blue Red

Gastric MKN-45 Blue Red- Purple

salt induction procedure. This is a user-friendly method without the
need for any miRNA amplification and sophisticated instruments and
takes less than ten minutes to get the results after RNA isolation. The
whole detection process minimizes the RNA downstream hands-on and
possible RNA degradation. Furthermore, low volumes of primary sample
are needed, which could be a valuable advantage in future studies of
non-invasive sampling of cancerous patients. We used the culture media
of cell lines to collect their extracellular miRNAs rather than using

SW1736

A2780ep SW1736
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Fig. 2. The recorded UV-visible absorbance at
650 nm and the corresponding colorimetric dif-
ferentiation of the isolated miRNA samples using
Au-nanoprobe-1 and 2. a) Au-nanoprobe-1b) Au-
nanoprobe-2. The sample related to normal
fibroblast cell lines shows almost no absorbance
at 650 nm. However, other cancerous cell lines
show a detectable blue shift. Samples comprised
normal human fibroblast, human lung cancer
(A549), human breast adenocarcinoma (MCF7),
colon cancer (HT29), human ovarian carcinoma
(A2780ep), human thyroid cancer (SW1736),
human gastric cancer (AGS), human gastric can-
cer (MKN-45). (For interpretation of the refer-
ences to color in this figure legend, the reader is
referred to the web version of this article.)

AGS MKN-45

AGS MKN-45

synthetic miRNAs to reach more reliable results. Given that extracellular
miRNAs are accompanied by proteins and/or lipoproteins, in this study
we designed an effective isolation method to access miRNAs in appro-
priate concentrations. Colorimetric assay with nanoprobe-1 (miR-21)
revealed all cancerous samples to be distinguishable obviously from
primary fibroblast cells within one minute of salt addition.

According to the previous quantitative RT-PCR gene expression
analysis of the target miR-21 and miR-155 in the selected cell lines, the
higher expression of miR-21 in A549 (lung cancer) cell line in compar-
ison to the normal human bronchial epithelial cells was reported [24].
Meng et al. analyzed the expression of miR-21 in colorectal cancer cell
lines including HT-29 and evaluated the effects of anti-miR-21 on cell
proliferation, migration, and invasion [25]. Similarly, many other
studies measured the quantitative expression of miR-21 in MCF-7 breast
cancer cell lines [26,27], SW1736 thyroid cancer cell lines [28], AGS,
and MKN-45 gastric cancer cell lines [29]. There are similar data for
quantitively measuring of miR-155 which indicate the higher expression
in various cancer cell lines such as A549 [30], MCF-7 [31], HT-20 [32].
Moreover, the upregulation of miR-21 was reported in all common
cancers, including breast [33], colon [34], ovary [35], lung [36] and
gastric [37]. On the other hand, the assay of nanoprobe-2 (miR-155)
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Fig. 3. Serially diluted RNA samples to discriminate the minimum detectable concentration by unequipped eyes. a: 4 ng/uL, b: 2 ng/uL, c: 1.5 ng/uL, d: 1 ng/uL, e:
0.8 ng/uL. The color change was obviously detectable within ten minutes after salt addition at or above one ng/pL.

Fig. 4. Reliability test. Reliability test was performed using miR-21 and miR-
155 sequences and the colorimetric assay. It was shown that color change
from red to purple/gray occurs upon salt addition following hybridization.
Pattern 1 corresponds to Au-nanoprobe 1, pattern 2, blank sample, pattern 3 is
Au-nanoprobe 2 and pattern 4, blank sample. (For interpretation of the refer-
ences to color in this figure legend, the reader is referred to the web version of
this article.)

showed a different pattern of color alteration. Lung, breast, colon, and
thyroid samples changed to the blue, ovary and gastric sample (MKN-
45) were purple, and AGS (gastric) displayed red. This observation could
be correlated to the different concentrations of miR-155 in the samples.
Upregulation of miR-155 in most cancers such as lung [36], breast [38],
colon [39], and thyroid [40] has been reported. Hou and co-workers
introduced miR-155 as a cancer diagnostic biomarker with the highest
accuracy in breast cancer compared to other types of cancers [5]. This is
in accordance with our findings for the MCF-7 sample with extensive
aggregation. However, in the case of gastric cancer, some studies indi-
cated the upregulation of miR-155 in AGS and MKN-45 cell lines
[41,42], and other studies demonstrated the downregulation of this
biomarker [8,43]. The color alteration in the sample of MKN-45 was
very slight, which shows small upregulation of miR-155. No color
alteration was detected in AGS sample, which indicated the down-
regulation of miR-155. In addition, some other studies have reported the
downregulation of miR-155 in ovarian cancer [7,44,45] while it was
found to be increased (blue shift) in this study. Therefore, according to
previous studies and our results, it could be claimed that evaluating miR-
155 separately in gastric and ovarian cancers could not serve as a proper
diagnostic biomarker. This indicates that targeting miR-21 biomarker
could be sufficient for detecting cancer and detecting miR-155 along
with miR-21 could help increase the accuracy of the test.

5. Conclusions

In this study, we presented a rapid and sensitive method for the
detection of extracellular miRNAs based on colorimetric non-
crosslinking hybridization of gold nanoprobes. The results revealed a
nanogram per microliter scale of sensitivity for total miRNA isolated
from the cultured cells in media without the necessity of miRNA reverse
transcription, labeling, and amplification. Besides, the distinction of the
dysregulation of miRNAs could be assessed with naked eyes. Therefore,

the presented platform is an easy-to-perform technique without the need
for sophisticated equipment that could be applied to cancer detection
with high sensitivity and specificity. This technique could also serve as
an appropriate universal mean of cancer screening tests to help patients
receive early and effective therapy.
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