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Luminex platform†
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microRNAs are small noncoding RNA molecules showing huge promise as biomarkers and diagnostic tools

for illnesses, as significant changes in their expression occur in response to pathological states. However,

multiplex detection of microRNAs represents a major challenge towards the use of microRNA signatures.

Hence, our group has tackled this need by developing an accurate and PCR-free approach to detect

multiple microRNAs in serum samples. ChemiRNA Tech has been refined to be merged with a Luminex

xMAP system. The combination of these two technologies has created a unique bead-based multiplex assay

capable of simultaneously measuring miR-122-5p, miR-451a-5p and miR-193a-5p in only 10 μL of serum.

This novel multiplex assay for the direct quantitative measurement of circulating microRNA signatures offers

benefits over gold standard singleplex assay techniques in terms of cost, time savings and ease of use.

Introduction

microRNAs (miRs) are small non-coding RNAs of 19–24
nucleotides in length that regulate gene expression by base
pairing with the 3′-untranslated region of target gene's
messenger RNAs (mRNAs), leading to degradation and/or
translational repression of those genes. miRs are implicated
in many biological events, and their deregulation is
associated with serious illnesses.1–4

miRs circulate in biological fluids (e.g., serum, plasma,
urine and saliva) in a stable fashion and the unique
expression patterns can be used as fingerprints for various
diseases.5–8 They fulfil most of the characteristics to be
considered as ideal biomarkers. They are remarkably stable
in body fluids while in circulation, resisting ribonucleases

and severe physicochemical conditions such as extreme pH
levels. Furthermore, they are (a) specific to the disease or
pathology of interest; (b) reliable to indicate the disease's
emergence before clinical symptoms appear (early detection);
(c) sensitive to changes in the pathology stage (disease
progression or therapeutic response); (d) easy to obtain from
biological fluids; (e) easily translatable from model systems
to humans. All those characteristics are greatly enhancing
miR's translation in clinical applications attracting more and
more interest in the medical scientific community with tens
of thousands of peer-reviewed articles.8–15

Traditional methods for miR analysis include
amplification based strategies, such as the RT-qPCR,16 rolling
circle amplification,17 exponential amplification reaction,18

and duplex-specific nucleic signal amplification,19 and also
amplification free techniques, such as hybridization chain
reaction20 and catalysed hairpin amplification.21

Unfortunately, most of the above-mentioned methods are
time-consuming, have demanding assay workflows and,
mainly, lack multiplexing capability. Thus, despite the
extensive academic research, the current analytical methods
remain less than satisfactory, and their complexity limits
their use of miRs as diagnostic tools.22–25 Hence, it is
necessary to provide novel, simple, sensitive and reliable
methods for the direct detection of such molecules from
body fluids.

Due to the need, over the last years, our group has been
extensively working on the development of ChemiRNA
Tech.26 This is a novel chemical approach for Nucleic Acid
Testing (NAT) particularly well suited to directly quantify
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circulating miRs. It combines SMART-Base with a biotin tag
and modified peptide nucleic acid (PNA) capture probes with
an abasic position (DGL-Probes) to interrogate miRs. This
technology uses the power of the Watson–Crick base pairing
rules (C-G/A-T) that enable the dynamic covalent chemical
reaction between the aldehyde group of the SMART Bases
and the secondary amine on the abasic position of the DGL-
Probe.25,27–39

In our previous studies, ChemiRNA Tech has been
combined with some of the most advanced ultra-sensitive
immunoassay platforms (such as Merck SMCxPro, Quanterix
SIMOA and Luminex xMAP technology) to develop the so-
called LiverAce™, the first platform-agnostic and PCR-free
molecular assay for the direct detection and quantification of
miR-122-5p, a biomarker for hepatotoxicity and Drug-
Induced Liver Injury (DILI) diagnostics.25,38–40

However, and as also stated above, multiplex detection of
miRs remains a major challenge in the use of miR
signatures. Therefore, in this proof of concept (PoC) study,
our group has faced this need by implementing the “multi-
ChemiRNA Tech” by the merging of ChemiRNA Tech with
Luminex xMAP technology. Luminex technology uses
different color-coded microspheres that allow the
simultaneous detection of multiple analytes using a
fluorescent reporter. This technology has been widely used
for multiplex detection of proteins and genomic DNAs,41–45

although reports on the application of this technology to miR
analysis have been sparse.

The multi-ChemiRNA Tech is a unique tool capable of
detecting and quantifying simultaneously the circulating
miRs. In this PoC study, to develop the multi-ChemiRNA
Tech, three miRs with important roles in diverse biological
processes were interrogated, namely miR-122-5p, miR-451a
and miR-193a-5p from few microliter volumes of serum
samples. miR-122-5p is a liver specific miR, involved in
various processes of liver development, differentiation,
metabolism and stress responses.46,47 Compared with
conventional hepatotoxic markers, circulating miR-122-5p
can effectively and consistently distinguish intrahepatic
damage from extrahepatic damage with higher sensitivity
and specificity. miR-122-5p is expected to be a valuable pre-
clinical and clinical biomarker of DILI.48–51 Our group has
broadly demonstrated the feasibility of miR-122-5p as a
biomarker for DILI.25,38–40 miR-451a-5p is an erythroid cell-
specific miRNA and is associated with human erythroid and
maturation.52–56 Several studies have provided evidence about
the potential use of miR-451a-5p as a biomarker for cancer
diagnosis, prognosis, and treatment.57–60 In 2019, our group
has reported the direct singleplex detection of miR-451a-5p
in haemolysed plasma using ChemiRNA Tech in combination
with a conventional microplate reader.32 miR-193a-5p is
dysregulated in the tumour cells. Several studies have
evaluated the expression level of miR-193a-5p such that it is
up-regulated in prostate cancer while it has a decreased
expression in colorectal cancer cells which shows its dual role
in carcinogenesis.61,62 In addition, our group has recently

reported that the circulating miR-193a-5p level increases in
the serum of patients with liver injury.63

Experimental
Apparatus

The Luminex MAGPIX was used for multiplex assaying and
fluorescence signal detection (Mean of Fluorescence Intensity
– MFI). The platform was associated with dedicate software
xPONENT. An automatic 96-well plate washer was used for
washing (Biotek 405 TS). A 96-well plate shaker was used to
perform incubations (VWR® Microplate Shaker).

Materials and reagents

Carboxylated MagPlex® (Luminex beads) were purchased
from Luminex Corporation (1.25 × 107 mL−1). DGL-Probe 122,
DGL-Probe 451 and DGL-Probe 193 and aldehyde-modified
biotinylated cytosine nucleobase (SMART-C Biotin) were
provided by DESTINA Genomica S.L. (Table S1 and Fig. S1†).
A wash buffer and Stabiltech buffer were prepared as
described elsewhere.38 An assay buffer and bead diluent were
purchased from Merck. Chemicals for beads'
functionalization were purchased from Sigma-Aldrich.
Synthetic mimic miR-122-5p, miR-451a-5p and miR-193a-5p
DNA oligomers were purchased from Integrated DNA
Technologies (Table S1†). Concentrations of DNA oligomer
solutions were determined using a ThermoFisher
NanoDrop1000 spectrophotometer. Streptavidin-R-
phycoerythrin (SA-PE) was purchased from Moss Biotech (SA-
PE-001, SA-PE-001E, SA-PE-001 16P, SA-PE-001 4P, SA-PE-003)
and ThermoFisher Inc (#S21388) at the concentration of 1
mg mL−1.

Clinical samples

The DILI sample was provided by Professor James W. Dear
from the University of Edinburgh (UK). A sample was
collected from a DILI patient (over 16 years old). Full
informed consent was obtained from the participant and
ethical approval was given by the South East Scotland
Research Ethics Committee and the East of Scotland
Research Ethics Committee via the South East Scotland
Human Bioresource. Blood sample was taken and centrifuged
immediately at 11 000× g for 15 min at 4 °C. The serum was
separated into aliquots and stored at −80 °C. The primary
endpoint for the study was acute liver injury, pre-defined as a
peak hospital stay serum ALT activity greater than 100 U L−1

as shown elsewhere.64

Blood samples were collected from a healthy volunteer
(HV). Full informed consent was obtained from the HV ahead
of the study. As shown in Fig. S2-A,† the samples were
chemically haemolysed to liberate intra-erythropoietic miR-
451a-5p. Briefly, 2 mL of whole blood was incubated for 10
min with 2 mL of RBC lysis buffer (dilution 1 : 2) to break up
red blood cells. The solution was then centrifuged at 1500 g
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for 10 min at room temperature to obtain the haemolysed
serum (HS).

Pool samples (PS 1–PS 3) were prepared by mixing DILI
and haemolysed samples (Table S2†). Control samples were
prepared using whole blood from the HV without haemolysis.
In this case, 2 mL of whole blood was centrifuged at 1500 g
for 10 min at room temperature. The supernatant serum was
collected and diluted 2 times with RBC lysis buffer to obtain
the non-haemolysed serum (Fig. S2-B†).

DGL-Probes coupling to beads

Magplex® (Luminex) beads from colour regions 12, 13 and
33 (ref. 44) were functionalized respectively with DGL 122,
DGL 451 and DGL 193 abasic PNAs as described in the ESI,†
section S2, to generate DGL 122 beads, DGL 451 beads and
DGL 193 beads.

Coupling confirmation

Luminex beads' coupling efficiency was determined by
hybridization with complementary synthetic biotinylated
DNA oligomers. This study was carried out using DGL 122
beads. Briefly, in a 96-well plate format, 45 μL of assay buffer
containing 1250 DGL 122 beads was pipetted into the wells.
A volume of 5 μL containing 15 fmols of biotinylated DNA
oligomer (positive) and 5 μL of water (blank) were added into
the wells (positives and negatives were run in duplicate). The
96-well plate was incubated for 1 h at 40 °C using a
microplate shaker shaking at 700 rpm. DGL 122 beads were
washed 3 times with the wash buffer and incubated with 50
μL of 2 μg mL−1 SA-PE for 30 min at 30 °C while being
shaken at 700 rpm. DGL 122 beads were washed 3 times with
the wash buffer and finally resuspended in a volume of 120
μL of wash buffer to be analysed with the Luminex MAGPIX
system by using an injection volume of 100 μL. MFI values
were recorded.

Singleplex DGL bead sensitivity study

DGL beads for each miR were validated with ChemiRNA Tech
with complementary oligomers to analyse coupling efficiency
and sensitivity.

The following protocol was used to generate three parallel
calibration curves associated respectively with DGL 122
beads, DGL 451 beads and DGL 193 beads. In a 96-well plate
format, 55 μL of Stabiltech buffer containing a pool of
complementary synthetic DNA oligomer mimicking miR-122-
5p, miR-451a-5p and miR-193a-5p (0.2 to 200 fmols) and 55
μL of only Stabiltech buffer as the blank were pipetted into
the wells. A volume of 10 μL of DGL beads at 125 beads per
μL (1250 beads in total) was added to the wells, followed by
the addition of 10 μL of serum matrix (control samples). The
96-well plate was incubated for 2 h at 30 °C using a
microplate shaker shaking at 700 rpm. After the incubation,
DGL beads were washed 3 times with the wash buffer. DGL
beads were resuspended in 50 μL of assay buffer containing 5
μM SMART-C Biotin and 1 mM sodium cyanoborohydride

and incubated for further 1 h at 40 °C under 700 rpm
shaking. Beads were washed 3 times with the wash buffer
and incubated with 50 μL of 2 μg mL−1 SA-PE for 30 min at
30 °C while being shaken at 700 rpm. Beads were washed 3
times with the wash buffer and finally resuspended in a
volume of 120 μL of wash buffer to be analysed on the
Luminex MAGPIX system to determine the MFI values
(injection volume of 100 μL). Experiments were performed in
duplicate.

Multiplex DGL bead sensitivity study

The three sets of DGL beads were mixed to perform the
multiplex testing. A volume of 100 μL of DGL 122 beads
(3750 beads per μL) was mixed respectively with 100 μL of
DGL 451 beads (3750 beads per μL) and 100 μL of DGL 193
beads (3750 beads per μL). The 300 μL bead mixture was
added to 700 μL of bead diluent. The following protocol was
used to generate the multiplex calibration curve. In a 96-well
plate format, 55 μL of Stabiltech buffer containing a pool of
complementary synthetic miR mimic miR-122-5p, miR-451a-
5p and miR-193a-5p (0.2 to 200 fmols) and 55 μL of only
Stabiltech buffer as the blank were pipetted into the wells. A
volume of 10 μL of DGL bead mixture (125 beads per μL for
each set of DGL bead) was added to the wells (total 1250 × 3
= 3750), followed by the addition of 10 μL of serum matrix
(control samples). The protocol is described in “Singleplex
DGL bead sensitivity study”.

Multiplex assay in clinical samples

The three sets of DGL beads were mixed as described in the
“Multiplex DGL beads sensitivity study”. The following protocol
was used to interrogate clinical samples. In a 96-well plate
format, 55 μL of Stabiltech buffer was pipetted into the wells.
A volume of 10 μL of DGL bead mixture (125 beads per μL
for each set of DGL bead) was added to the wells (total 1250
× 3 = 3750), followed by the addition of 10 μL of the clinical
sample (DILI, HS or PS). The protocol followed is described
in “Singleplex DGL bead sensitivity study”.

Results and discussion
Reagents for multi-ChemiRNA Tech

Three DGL-Probes complementary to the three miRs (DGL-
Probe 122, DGL-Probe 451 and DGL-Probe 193) were prepared
with propanoic acid at the gamma position modifications in
the backbone of sequences (ESI,† Table S1). As described
elsewhere by our group,30 the presence of these modifications
enhanced DGL-Probes' performance being more readily
available to hybridise complementary miRs, hence, allowing
more efficient dynamic incorporation of the aldehyde-
modified biotinylated nucleobase (SMART-Base). DGL-Probe
122, DGL-Probe 451 and DGL-Probe 193 were conjugated to
Luminex beads with colour regions 12, 13 and 33 respectively
to generate DGL 122 beads, DGL 451 beads and DGL 193
beads using the conjugation chemistry reported elsewhere.30
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The coupling efficiency was determined by running a
hybridization with a complementary synthetic biotinylated
DNA oligomer that mimics the target miR-122-5p sequence
(data not shown). SMART-Base with a biotin tag was used for
the study (Fig. S1†).

Selection of SA-PE

To improve the detection sensitivity, different streptavidin-R-
phycoerythrin (SA-PE) conjugations were tested on DGL 122
beads in a singleplex format. The study was carried out with
six different commercially available SA-PE molecules: a) SA-
PE from ThermoFisher and b) from MossBio, namely SA-PE
001, SA-PE 001E, SA-PE 001 16P, SA-PE 001 4P and SA-PE 003.
Performances were determined by interrogating spike-in
oligomers mimicking miR-122-5p (as the positive) and only
water (as the blank). The protocol used for the study is
described in the experimental section ‘Singleplex DGL bead
sensitivity study’. As shown in Fig. S3,† all SA-PEs from
MossBio improved the S/B ratio when compared with the SA-
PE from ThermoFisher. Due to the overall good performances

of all the MossBio SA-PEs, SA-PE 001 16P was selected for the
present study because it is slightly better in terms of
performance (Fig. S3†).

Singleplex assay

DGL beads were used in a singleplex format to perform
analytical sensitivity studies by creating three parallel
calibration curves using known quantities of DNA oligomers
mimicking miR targets (miR-122-5p, miR-451a-5p and miR-
193a-5p). A pool of miR targets in the serum was prepared by
spiking seven known quantities of oligomers, respectively,
with the calibration points: 200.00, 50.00, 12.50, 3.13, 0.78,
0.20 and 0.05 fmols (each in duplicate). No spike-in
oligomers were added to the blank (water instead). As shown
in Fig. 1A–C, the singleplex workflow is a multistep
comprised of four main steps (I–IV): I) DGL beads hybridise
to a complementary DNA oligomer; II) SMART-C Biotin is
specifically incorporated into the duplex by a chemical
dynamic reaction. This specific incorporation is ensured by
the three events required: (a) perfect hybridisation between

Fig. 1 Singleplex workflow. A–C) Analysis of miR-122-5p, miR-451a-5p and miR-193a-5p in a singleplex format: I) DGL bead hybridization with a
complementary target; II) ChemiRNA Tech reaction with SMART-C Biotin incorporation; III) DGL bead labelling with SA-PE; IV) Bead read-out by
measuring values of MFI using the Luminex MAGPIX system. MFI values are plotted versus the logarithm base 10 quantity of oligomers to create
three calibration curves, respectively: D) miR-122-5p, E) miR-451a-5p and F) miR-193a-5p. n = 2. Error bar = standard deviation.

Sensors & DiagnosticsPaper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
O

ct
ob

er
 2

02
2.

 D
ow

nl
oa

de
d 

on
 2

/2
0/

20
26

 6
:2

8:
27

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2sd00111j


Sens. Diagn., 2022, 1, 1243–1251 | 1247© 2022 The Author(s). Published by the Royal Society of Chemistry

the DGL-Probe and complementary oligomer; (b) generation
of a reversible iminium species between the secondary amine
of the “abasic position” and the aldehyde group of a cytosine
SMART-Base with a biotin tag (SMART-C Biotin), which is
driven by the templating “G” nucleotide on the
complementary oligomer; (c) reduction of the iminium
species by sodium cyanoborohydride to lock-up the SMART-C
Biotin covalently into the duplex; III) DGL beads are labelled
with SA-PE; IV) read-out with the Luminex MAGPIX system.

Experiments were performed in duplicate, resulting in a
coefficient of variance for each assay below 5% (Tables S3–
S5†). Curves were prepared by plotting the mean of
fluorescence intensity (MFI) values versus the logarithm base
10 quantity of oligomers (Fig. 1D–F). MFI values are reported
in the ESI,† Tables S3–S5 and curve equations are reported in
the ESI,† section S3.

Determination of the signal-to-blank ratio was performed
by comparing measured signals from spike-in calibration
points with those of blanks and establishing the minimum
concentration at which the spike-in calibration point can be
reliably detected. A signal-to-blank ratio of 2 : 1 was
considered for estimating the limit of detection (LOD), as
described elsewhere.65 As a result, DGL 122 beads and DGL
451 beads show LODs between 0.05 and 0.20 fmols while
DGL 193 beads show below 0.05 fmols.

Multiplex assay

The three singleplex assays described in Fig. 1A–C were
combined to deliver a multiplex assay capable of profiling
miR-122-5p, miR-451a-5p and miR-193a-5p simultaneously.

The three sets of DGL beads were mixed to perform the
multiplex testing. This study allowed the multiplex and
singleplex assays to be compared for the detection of ultra-
low prevalence miRs in spiked serums.

The analytical sensitivity study was carried out by creating
calibration curves to determine the sensitivity of DGL beads
in a multiplex format. The same calibration points used for
the singleplex assay were interrogated: 200.00, 50.00, 12.50,

3.13, 0.78, 0.20 and 0.05 fmols of each DNA oligomer,
mimicking respectively miR-122-5p, miR-451a-5p and miR-
193a-5p. The workflow described in Fig. 2A for the multiplex
is essentially the same as described for the singleplex assay
with the only difference that instead of a single DGL bead
(1250 beads), an equal mix of DGL beads corresponding to
the three target DNA oligomers (1250 × 3 = 3750 beads) was
used. As for the singleplex assay, experiments were
performed in duplicate, resulting in a coefficient of variance
for each condition also below 5% (Table S6†). The curve was
prepared by plotting the MFI values versus logarithm base 10
quantity of DNA oligomers (Fig. 2B). MFI values are reported
in the ESI,† Table S6. DGL 122 beads and DGL 451 beads
show an LOD between 0.05 and 0.20 fmols and DGL 193
beads show below 0.05 fmols.

Inter-assay variability

Table S7 in the ESI† shows the comparative analysis between
the singleplex and multiplex assays. By comparing the MFI
average signals obtained for each calibration curve, it was
possible to determine the inter-assay variability between the
two assays. Inter-CV values were below 10% for miR-122-5p
and miR-451a-5p measurements and 15% for miR-193a-5p
measurement. This shows the robustness of the multiplex
assay in comparison with the singleplex assays. In addition,
no signal loss nor cross reactivity was observed when the
multiplex analysis was performed.

Assay validation using serum samples

The multiplex assay was challenged by profiling different
levels of miR-122-5p, miR-451a-5p and miR-193a-5p in serum
samples. For the study, five types of serums were analysed:

a) DILI – a serum from a DILI patient rich in miR-122-5p;
b) HS – a serum from haemolysed blood rich in miR-

451a-5p;
c) PS 1 – a pool sample generated by the mixture of a + b

with a ratio of 75%/25%;

Fig. 2 Multiplex workflow. A) Analysis of miR-122-5p, miR-451a-5p and miR-193a-5p in the multiplex format: I) DGL bead hybridization with
complementary targets; II) ChemiRNA Tech reactions with SMART-C Biotin incorporations; III) DGL bead labelling with SA-PE; IV) DGL beads are
read-out by measuring the values of MFI using the Luminex MAGPIX system. B) Calibration curves for each miR in the multiplex format by plotting
the MFI values versus the logarithm base 10 quantity of oligomers. n = 2. Error bar = standard deviation.
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d) PS 2 – a pool sample generated by the mixture of a + b
with a ratio of 50%/50%;

e) PS 3 – a pool sample generated by the mixture of a + b
with a ratio of 25%/75%.

A serum sample obtained from a healthy volunteer (HV)
without significant levels of circulating miR-122-5p, miR-
451a-5p or miR-193a-5p at the time of the study was used as
a control. DGL beads were mixed to interrogate the five types
of serums described from a to e (see above).

The multiplex assay has included the Stabiltech buffer.
As described by our group elsewhere,25 this buffer has been
developed to lysate the serum samples and lead to the miR
release from protein complexes and/or extracellular vesicles.
MFI values obtained from samples (Table S8†) were used to
make an absolute quantification of miRNA-122-5p, miR-
451a-5p and miR-193a-5p by extrapolating the fmols from
the calibration curves in Fig. 2B. As shown in Table S9,† the
assay obtained the profiling levels (quantity in fmols) of: a)
the only miRNA-122-5p in the DILI patient (quantity n.d. of
miR-451a); b) the only miR-451a-5p in the HS sample
(quantity n.d. of miR-122-5p); c–e) both miRNA-122-5p and
miR-451a-5p in PS 1–3 samples (see Table S9†). None of the
above shows levels of miR-193a-5p (quantity n.d.), because
either it is not present or its amounts fall below the assay's
LOD. As shown in Fig. 3, PS 1–PS 3 show levels of miR-122-
5p versus mir-451a-5p coherent with volume ratios (%
described in c to e) of DILI versus HS serums. In Fig. 3, %
of miR is calculated assuming: a) 100% of miR-122-5p = the
average quantity measured for DILI (6.27 fmols, see Table
S9†); b) 100% of miR-451a-5p = the average quantity
measured for HS (78.40 fmols, see Table S9†). % of PS 1,
PS 2 and PS 3 was calculated dividing the average
quantities of miR-122-5p and miR-451a-5p respectively for
PS 1 (4.58 and 17.12 fmols, see Table S9†), PS 2 (3.09 and
33.50 fmols, see Table S9†) and PS 3 (1.71 and 52.31 fmols,
see Table S9†) by the average quantities measured
respectively for DILI (6.27 fmols, see Table S9†) and HS
(78.40 fmols, see Table S9†).

Conclusions

Many studies have shown that circulating miRNAs could play
potential roles as diagnostic and prognostic biomarkers.
Combinations of miR biomarkers can identify diseases,
predict the course of pathology and help in assigning drug
treatment.

However, and as stated above, despite the extensive
academic research the translation of miR biomarkers to
clinical practice remains a challenge. Current analysis
platforms require workflows which include extraction,
elongation, reverse transcription and quantitative PCR which
make the quantification of miRs with the standard analytical
platforms very challenging and not scalable. On top of that,
multiplexing is another complexity that current systems
cannot easily overcome. Hence, there is a need to develop
new technologies to accurately detect and measure multi-miR
signatures in clinical settings.

To tackle the issue, in this PoC study, our group has
developed multi-ChemiRNA Tech, a novel assay capable of
interrogating multi-miRs simultaneously without the need of
extracting or amplifying target miRs. The novel assay was
created by merging the ChemiRNA Tech with the Luminex
xMAP system.

The manuscript describes an overview of the PoC for
testing the integration of the two technologies and its
validation using serum samples. All the key PoC objectives
were achieved, including effective DGL-Probe coupling with
Luminex beads and ChemiRNA Tech reactions in singleplex
and multiplex formats, demonstrating successful translation
of ChemiRNA Tech reagents onto the Luminex xMAP
platform.

The novel assay was evaluated and validated for detecting
miR-122-5p, miR-451a-5p and miR-193a-5p. The presence of
miR-122-5p as a hepatic toxicity biomarker enables the assay
to be used as a drug development tool with wide applications
in the field of drug development.66–69 In fact, miR-122-5p has
received an endorsement from the Food and Drug
Administration (FDA) as a biomarker of liver specific injury
based on its performance in patients with acute DILI,
including patients with DILI due to acetaminophen overdose,
compared to non-DILI controls.70

In the first instance, both singleplex and multiplex
formats were implemented by spiking DNA oligomers
(mimicking the three miRs) in serum samples successfully.
MFI values between both singleplex and multiplex were
compared, and no signal differences were observed, thus
demonstrating the high compatibility of the multi-ChemiRNA
Tech reagents (see Table 1). It has demonstrated that the
multiplexed measurement does not differ from the singleplex
assay in terms of sensitivity and accuracy.

Once the development with DNA oligomers was
completed, the novel multi-ChemiRNA Tech was validated
using biological samples. A serum from (a) a patient with
liver injury, (b) haemolysed blood and (c) pool of serums of a
+ b at three different ratios (PS 1–PS 3) were interrogated to

Fig. 3 Serum sample analysis (n = 2). miR-122-5p and miR-451a-5p
detection in DILI, PS1, PS2, PS3 and HS samples. y-Axis: % of miR is
calculated as described in the main text.
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determine the levels of miRs. miR-122-5p and miR-451a-5p
were detected and quantified successfully. Meanwhile, miR-
193a-5p was not detected and this is, perhaps, because its
level falls below the LOD of the assay.

The novel assay has included the Stabiltech buffer, a lysing
buffer that allowed the liberation and capture of miRs in
serum samples.25 As shown in Fig. 3, miR-122-5p and miR-
451a-5p were detected and resulted in quantities
corresponding to the ratio of the percentage of DILI versus HS
samples. No miR detection was reported for the control HV.

To the best of our knowledge, this is the first use of
Luminex xMAP technology for a direct (PCR-free) multi miR
profiling from serum samples (without pre-extraction of
RNAs). This novel assay used a small sample volume (10 μL),
which is particularly useful for testing paediatric samples,
precious samples such as cerebrospinal fluid or even samples
from small animals such as rats in preclinical testing.

The multi-ChemiRNA Tech is very promising and
potentially suitable for developing a highly innovative next-
generation system to multiplex the analysis of miRs. It shows
the way forward to simplified, more cost effective and robust
multiplex tests in the future, to interrogate multi-miR
biomarkers with predictive value in pathologies such as liver
injury, cancer, but as well as to evaluate drug-induced
injuries affecting other organs such as kidney and heart.
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