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Over the past two decades, numerous techniques have been devel-
oped for analysing microRNAs in body fluids and tissues. However,
these techniques still face technical challenges, particularly when
compared to well-established techniques for proteins and metab-
olites. Recently, the ODG platform was introduced, which is an
innovative technology that allows for the direct detection and
quantification of microRNAs in liquid biopsies without requiring
extraction or amplification. This study presents the implementation
of the ODG platform within a semi-automated protocol to create
the “SA-ODG" platform, enhancing the efficiency and precision of
microRNA testing while reducing hands-on time required by lab-
oratory staff. For the first time, the SA-ODG platform has been
used to directly quantify microRNAs in solid tissues. The results
demonstrate precise analysis of miR-122-5p in mouse liver tissues
using SA-ODG. These developments represent a crucial step
forward in advancing the field of extraction and amplification-free
microRNA detection and quantification.

Introduction

microRNAs (miRNAs) are a class of small non-coding RNAs
involved in post-transcriptional regulation by promoting trans-
lation inhibition or mRNA degradation." miRNAs, with their
differential expression in pathological states, are quickly
becoming key indicators for the diagnosis and prediction of a
wide range of diseases, holding promising prospects as clini-
cally relevant biomarkers.>®*® Over the past two decades,
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several techniques have been developed for analysing the
expression of miRNAs in both biological fluids and solid
tissues.”® However, persistent technical challenges, particu-
larly for the direct testing of these molecules, limit their use in
clinical practice.®®

The primary challenges with the gold standard RT-qPCR
method for analysing miRNAs arise from its demanding work-
flow, which encompasses RNA extraction, cDNA conversion,
labelling, and target amplification. These steps introduce
undesired variability and complexity, impeding their practical
use in clinical settings.'®™"* Moreover, many current alternative
techniques to RT-qPCR, such as branched DNA," Fireplex,'®
and nCounter,"” still require RNA extraction and/or PCR
amplification.®

In response to these challenges, in 2019 our group devel-
oped the OPTOI-DESTINA Genomica (ODG) platform, a novel
analytical biosensor designed for the direct testing of circulat-
ing miRNAs. The platform was successfully used to analyse
miR-21-5p in plasma samples of patients with Non-Small Cell
Lung Cancer (NSCLC).'® This platform integrates Dynamic
Chemical Labelling (DCL) with a state-of-the-art silicon photo-
multiplier (SiPM)-based reader. This optoelectronic sensor can
detect light from near UV to near IR, making it essential in
applications that require high-resolution quantification of low-
light signals. Moreover, DCL, a technology for miRNA analysis,
uses a unique biotinylated aldehyde-modified SMART nucleo-
base (SMART base-biotin) along with a modified peptide
nucleic acid (PNA) capture probe that is synthesized with an
abasic position (abasic PNA probe).'® The detection process
with DCL involves two precise steps: (1) the abasic PNA probe
captures the complementary miRNA sequence, forming a
chemical pocket. Once the target miRNA hybridization is com-
plete, the SMART base-biotin is covalently attached to the
backbone of the abasic PNA probe, creating a chemical lock-
up. (2) The duplex is then read out using a reporter molecule
that recognizes the biotin tag. Essentially, DCL requires two
specific molecular events to generate a signal: (a) perfect
hybridization between the miRNA strand and the abasic PNA
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probe and (b) specific molecular recognition, according to
Watson-Crick base-pairing rules, by the SMART base-biotin.
When these two molecular events do not occur, the incorpor-
ation of the SMART base-biotin does not happen, hence ensur-
ing 100% specificity.”*>* Therefore, the main advantages of
DCL are: (1) significantly reduced number of false positives
and (2) direct detection of the analyte without either extraction
or amplification. The entire process, including reaction steps
and washings, is facilitated by immobilizing the abasic PNA
probes onto magnetic beads.>?

DCL has been demonstrated and validated against the gold-
standard RT-qPCR in multiple studies. It was used to analyse
circulating miR-122-5p in serum samples from patients with
drug-induced liver injury, as well as to analyse miR-451a-5p in
whole blood samples and miR-21-5p in cell lysates and
plasma.'®2072%2432 [ addition, DCL has been applied to
detect a variety of pathogens, including viruses and parasites,
and can also analyse alpha satellite DNA in in situ
hybridization.**"*°

Over the years, our group has used the ODG platform as a
versatile tool for chemiluminescence detection of circulating
miRNAs.'® The ODG platform features an 8-channel SiPM
array that is compatible with standard 8-channel pipettes.
Despite enhancements in sensitivity and specificity, the
current ODG platform has not yet achieved the high reliability
required for miRNA-based clinical tests. This is primarily due
to its manual and labour-intensive sample and reagent prepa-
ration steps, which introduce variability.

To address these challenges, this work has developed a
semi-automatized version of the ODG platform, referred to as the
“SA-ODG platform,” which significantly enhances miRNA ana-
lysis. This upgraded platform combines the ultra-specificity of the
original ODG technology with a liquid handler and a semi-auto-
matic washer. This implementation significantly enhances the
platform’s capabilities, allowing for the processing of a larger
number of assays within a specified timeframe. Automating
manual steps reduces labour requirements, improves efficiency,
and ensures consistent and reliable results.

For the first time, the SA-ODG platform has enabled the
direct detection and quantification of miR-122-5p in mouse
liver tissue sections, removing the need for RNA extraction and
amplification. This advancement leveraged the use of the
unique Stabiltech buffer, a lysing solution that releases and
stabilizes miRNAs during tissue homogenization and proces-
sing. miR-122-5p was selected for this proof of concept
because it has been widely described as an excellent biomarker
for liver disease.?”~*°

This work describes the development of the SA-ODG plat-
form and introduces a significant innovation that enhances
the detection process and expands the use of DCL in solid
tissues through a semi-automated protocol. Additionally, it
demonstrates, for the first time, its ability to directly detect
miRNAs in solid tissues. It shows the versatility of the novel
platform for a wide range of research and diagnostic appli-
cations based on miRNA testing in liquid and/or solid
biopsies.
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Materials and methods
Materials and instrumentation

The HPLC-purified RNA oligomer mimic miR-122-5p was pur-
chased from Eurofins and resuspended in DNase/RNase-free
water (Table S17T). Unless specified differently, all chemicals
and solvents were obtained from Merck and used as received.
Dynabeads M-270, 2.8 pm diameter superparamagnetic beads
presenting carboxylic acid groups (catalog# 14305D), and the
SuperSignal ELISA femto substrate (catalog #37075) were
obtained from Thermo Fisher Scientific. Streptavidin-HRP
(horseradish peroxidase) was purchased from Moss Bio
(catalog #SAHRP). Custom abasic PNA probes (DGL) and
Stabiltech buffer (confidential formulation) were provided by
DESTINA Genomica SL. DGL probe sequences and their
targets are shown in Table S1.f Commercial human serum was
obtained from Merck (catalog #H4522). The OT-2 liquid
handler is a Cartesian liquid handler designed to transfer 1—
1000 microliter volumes of aqueous and DMSO-based solu-
tions, and it was purchased from Opentrons. The 405TS plate
washer is a semi-automatic plate washer designed to efficiently
wash cell-based assays, microsphere-based assays, and ELISA
applications, and it was purchased from Biotek. RNA extrac-
tion was performed with Trizol obtained from Qiagen (catalog
#79306). The RT-qPCR was performed using the ID3EAL
miRNA qPCR Assay (MiRXES) and detected with a CFX96 Real-
Time PCR Detection System (BIO-RAD). 96-Well plates (8-well
in a support frame with 96 spaces) were purchased from
Biomat (catalog #MTO03F1-NB). 96-Well plate incubations were
performed using a Thermoshaker (Thermo Fisher Scientific).

Tissue sample pre-processing

Liver and kidney pieces were retrieved from euthanized C57BL/
6 mice (ethical approval: 545/2020-PR) and kindly donated by
the laboratory of Professor Fulvio Chiacchiera (University of
Trento, Italy). Each liver and kidney tissue was divided further
into small sections of the same weight (13 + 1 mg). Each tissue
section was homogenized in 300 pL of Stabiltech buffer or
Trizol with metallic beads (catalog #116925050-CF, MP
Biomedicals) in a Tissue Lyser apparatus (Qiagen).
Centrifugation (1200g, 1 minute) was performed for removing
the solid matrix and cellular debris. The supernatant was
tested using the SA-ODG platform or for RNA extraction and
RT-qPCR analysis.

SA-ODG platform equipment

The SA-ODG platform was equipped with six mother master
mixes prepared manually and disposable plastic consumables.
Below is reported the composition of the six master mixes, 1 to
3 contained in a 2 mL vial and 5 to 7 in a 22 mL reservoir:

1. Master mix #1 (MM1): Stabiltech buffer, abasic PNA
probe-coupled magnetic beads (DGL-beads; abasic PNA probe
for capturing miR-122-5p), human serum and miRNA oligomer
spike-ins (14 ng mL ™).

2. Master mix #2 (MM2): Stabiltech buffer, DGL-beads (abasic
PNA probe for capturing miR-122-5p) and human serum.

This journal is © The Royal Society of Chemistry 2024
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3. Master mix #3 (MM3): Stabiltech buffer and DGL-beads
(abasic PNA probe for capturing miR-122-5p).

4. DCL master mix: 2x SSC + 0.1% SDS buffer, sodium cya-
noborohydride (1 mM) and SMART-C-biotin (2 pM).

5. HRP-streptavidin master mix (HRP-SA master mix):
HRP-SA (1:8000) in PBS + 0.1% Tween20.

6. HRP substrate: SuperSignal ELISA femto substrate.

The disposable plastic consumables included the following:
two 96-well plates composed of 8-well strips and plastic tips
for P300 GEN2 (20-300 pL) and P20 GEN2 (1-20 uL) by
Opentrons.

SA-ODG platform workflows for the calibration curve and
sample testing

Initially, a 96-well plate (8-well strips in a support frame with
96 spaces) is prepared to generate the calibration curve and to
load samples for testing.

Calibration curve preparation. The liquid handler was pro-
grammed to dispense 50 pL of MM2 into 14 wells from B1 to
H2 (two columns). Additionally, 75 pL of MM1 were dispensed
into 2 wells: A1 and A2. Subsequently, the liquid handler per-
formed serial dilutions by transferring 25 pL from Al to Bl
and continued this process up to G1, repeating the same oper-
ations in column 2. To ensure uniformity, 25 pL of the mixture
was removed from G1 and G2, to maintain the final volume
consistent across all wells. These operations resulted in the
generation of seven concentrations of the miRNA oligomer in
duplicate, ranging from 14 ng mL™" to 62 pg mL ™" (final con-
centration), contained in wells from A1 to G2. For the negative
control, only MM2 was present in wells H1 and H2. Each well
(with a final volume of 50 pL) contained 2 x 10° DGL-beads.
Dispensing was carried out using a single plastic tip.

Tissue section preparation. The pre-processed tissue sec-
tions were manually loaded into the 96-well plate using either
a P20 or a P200 pipette (Gilson). Each of the 300 pL pre-pro-
cessed liver (sections 1 to 3) and kidney (section 4) was dis-
pensed as follows:

- 47 pL of sections 1-3 were loaded in technical triplicate
respectively in wells from A3 to A5, B3 to B5, and C3 to C5.

- 47 pL of section 4 was loaded in wells D3, D4, and D5.

MM3 was dispensed by the liquid handler into all wells to a
final volume of 50 pL. Each well contained 2 x 10> DGL-beads.
Dispensing of MM3 was carried out using a single plastic tip
for each tissue section.

Calibration curve and tissue section processing. The 96-well
plate was incubated for 1 hour at room temperature and 650
rpm. The plate was transferred to the washer and washed three
times with PBS + 0.1% Tween20. The final wash aspirated the
entire volume of the washing buffer. The liquid handler added
50 pL of the DCL master mix to each well, and the plate was
further incubated for 1 hour at 41 °C and 650 rpm. The plate
was again transferred to the washer and washed three times
with PBS + 0.1% Tween20, with the final wash aspirating the
entire volume of the washing buffer. Next, the HRP-SA master
mix was added to each well by the liquid handler and incu-
bated for 10 minutes at room temperature and 650 rpm. The

This journal is © The Royal Society of Chemistry 2024

View Article Online

Communication

plate was transferred once more to the washer and washed
three times with PBS + 0.1% Tween20, with the final wash
aspirating the entire volume of the washing buffer. For detec-
tion, a chemiluminescent reaction was initiated using 100 pL
of the HRP substrate. The liquid handler enabled the addition
of the HRP substrate to each well, and the resulting solution
was transferred to a second 96-well plate (8-well strips in a
support frame with 96 spaces) for the measurement of the che-
miluminescent signal via the SiPM-based reader.

RNA extraction

RNA extraction was performed by the phenol-chloroform
method. Briefly, 1 mL of Trizol was added to 150 pL of pre-pro-
cessed liver and kidney sections and mixed thoroughly. 200 pL
of chloroform was added to the mixture for phase separation.
The aqueous phase was taken and washed with 500 pL of iso-
propanol and 1 mL of ethanol. The RNA pellet was resus-
pended in 40 pL of DNase- and RNase-free water. RNA concen-
trations were measured using a NanoDrop 1000 spectrophoto-
meter (Thermo Fisher).

RT-qPCR testing

Calibration curve. A calibration curve was generated using
the RNA oligomer mimic miR-122-5p at different concentrations
ranging from 1.8 ng mL ™" to 0.9 fg mL™". 2 pL of the RNA oligo-
mer mimic miR-122-5p was spiked in the reverse transcription
step together with 5 pL of the ID3EAL RT buffer, 1 pL of the
ID3EAL RT primer, 1 pL of ID3EAL reverse transcriptase and
DNase/RNase-free water up to 20 pL. Each assay was incubated
for 30 minutes at 42 °C followed by 5 minutes of incubation at
95 °C. 5 pL of the cDNA was added to 10 pL of the ID3EAL qPCR
master mix, 2 uL of the ID3EAL qPCR primer and DNase/RNase-
free water up to 20 pL. The thermo-cycling protocol consisted of
10 minutes at 95 °C, 5 minutes at 40 °C and 40 cycles of 10
seconds at 95 °C plus 30 seconds at 60 °C.

Tissue sections. 10 ng of extracted RNA was used for reverse
transcription together with 5 pL of the ID3EAL RT buffer, 1 pL
of the ID3EAL RT primer, 1 pL of ID3EAL reverse transcriptase
and DNase/RNase-free water up to 20 pL. Each assay was incu-
bated for 30 minutes at 42 °C followed by 5 minutes of incu-
bation at 95 °C. 5 pL of the cDNA was added to 10 uL of the
ID3EAL qPCR master mix, 2 pL of the ID3EAL qPCR primer
and DNase/RNase-free water up to 20 pL. The thermo-cycling
protocol consisted of 10 minutes at 95 °C, 5 minutes at 40 °C
and 40 cycles of 10 seconds at 95 °C plus 30 seconds at 60 °C.

Statistics and analysis

The RT-qPCR calibration curve was fitted with a linear model,
while the SA-ODG calibration curve was fitted with a 4PL
model. The lower limit of quantitation (LLoQ) was calculated
by interpolating the background signal [negative control signal
(NCS) + 10 x standard deviation of NCS] into each fitting
model. Precision was calculated by dividing the standard devi-
ation by the average signal, in percentage, for each point of the
calibration curves. Accuracy was determined by backcalculat-
ing the concentration resulting from interpolating the signal
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of each point of the calibration curve into the fit model and
subtracting it from the actual concentration used.

Results and discussion
SA-ODG development

The SA-ODG platform was developed by integrating the exist-
ing ODG platform with a liquid handler and a semi-automated
washing system. Positioned on a standard laboratory bench,
these components occupy a compact area of 1 m?, creating an
efficient bench-top system for nucleic acid testing. The
SA-ODG platform is equipped with six master mixes, prepared
manually as described in the Materials and methods section.

SA-ODG platform workflow

Traditional bench-top reader systems, like the ODG platform,
are generally used only for the final reading step in the
complex process of sample handling. The SA-ODG platform,
however, is designed to support scientists in managing the
entire process from beginning to end. Unlike the ODG plat-
form, where all steps are manual—including sample pre-pro-
cessing, preparation of master mixes and solutions, reagent
dispensing, conducting DCL reactions, and measurement—
the SA-ODG platform integrates these procedures into a semi-
automated workflow conducted in a 96-well plate (8-well strips
in a support frame with 96 spaces). This advancement simpli-
fies the generation of calibration curves and the testing of
samples. A detailed description of the four steps of the
SA-ODG platform workflow follows, along with a summary pre-
sented in Fig. 1.

STEP 1: The liquid handler is equipped with disposable
tips, a 96-well plate, three 2 mL vials containing MM1, MM2,
and MM3 and three solutions (DCL master mix; HRP-SA
master mix; and the HRP substrate) in a single 22 mL reser-
voir. Additionally, liver/kidney sections are pre-processed as
described in the Materials and methods section.

STEP 2: The liquid handler automatically dispenses the
master mixes into the 96-well plate to (1) generate a calibration
curve using spike-ins (miRNA mimic oligomers) in commer-
cially available serum and (2) analyse endogenous miR-122-5p
from liver/kidney tissue lysates already placed in the 96-well
plate in STEP 1.

STEP 3: The DCL reaction (Fig. S1t) is conducted to label
both the miRNA oligomers for the spike-ins and the endogen-
ous miRNA in liver/kidney tissue lysates. The DCL reaction
involves incubation periods to allow for hybridization of
targets, SMART base-biotin incorporation, and labelling with
HRP-streptavidin.

Washings are performed within the 96-well plate using a
semi-automated washer.

STEP 4: The final step involves measuring the outcome of
STEP 3 using a SiPM-based reader. The HRP substrate is dis-
pensed into each single 8-well strip of the 96-well plate, mixed
and transferred to a fresh reading 8-well strip. The use of a
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fresh reading strip allows the reduction of any background
signal due to unspecific binding of excess HRP to plastic.**

The SA-ODG platform, with its workflow and plate, allows
the generation of an 8-point calibration curve run in technical
duplicate and processing of up to 26 tissue sections in techni-
cal triplicate simultaneously. The total workflow time is 3 h
from STEP 1 to STEP 4 (Fig. 1).

SA-ODG platform for solid tissue analysis

In this study, the SA-ODG platform was used to directly
analyze miR-122-5p in liver tissue sections. To evaluate the
workflow described in the previous paragraph, liver and
kidney tissue sections from mice were retrieved and sectioned
into uniform pieces (13 + 1 mg).

The tissue sections were first subjected to a pre-processing
step that included homogenization using metallic beads with
the Stabiltech buffer. This process transformed the tissue into
a liquid suspension, effectively separating the solid matrix and
cellular debris through centrifugation. The Stabiltech buffer is
a unique pre-treatment buffer that in combination with DCL
technology allows for the direct detection of miRNAs. So far it
has been used for the pre-treatment of liquid matrices such as
serum, plasma, and whole blood,>*° but it has never been
applied before for analysing miRNAs in solid tissues. In this
study, for the first time, the Stabiltech buffer has been used
with the SA-ODG platform for the pre-treatment of solid
tissues. To confirm the value of the Stabiltech buffer in solid
tissues, its performance in homogenizing and lysating solid
tissues was compared with the gold standard Trizol. Therefore,
two liver sections were treated respectively with Trizol and
Stabiltech buffer. The two liquid suspensions obtained were
collected and studied. The study aimed to determine the quan-
tity of total RNA liberated after the treatment. Total RNA was
extracted using a commercial total RNA extraction kit and
quantified via spectrophotometry. RNA yields from liver sec-
tions are as follows:

- Trizol processing: 1366.2 ng pL ™"

- Stabiltech processing: 1200 ng pL ™"

Although the results showed a slightly better yield of total RNA
liberation with Trizol, the Stabiltech buffer also successfully liber-
ated total RNA. It provided a significant yield from processed
solid tissues, sufficient for downstream miRNA processing.

Upon the confirmation that the Stabiltech buffer was able
to liberate RNA, the SA-ODG platform was used to quantitate
miR-122-5p in liver tissue sections with absolute precision.
Benchmarking was performed with the gold-standard RT-
qPCR TagMan method. Calibration curves of the SA-ODG plat-
form and RT-qPCR were established using synthetic RNA
miR-122-5p spike-ins (Fig. 2A and B). Subsequently, three liver
tissue sections were analyzed with both the SA-ODG platform
and RT-qPCR for detecting endogenous miR-122-5p.
Additionally, negative control experiments (Fig. S21) were con-
ducted to confirm the high specificity of the SA-ODG platform
by detecting miR-122-5p in kidney tissue sections (Fig. 2C).
miR-122-5p is present in low quantities in the kidneys. As
expected, the negative control did not show a signal, indicating

This journal is © The Royal Society of Chemistry 2024


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4an00783b

Open Access Article. Published on 12 July 2024. Downloaded on 7/31/2025 1:57:01 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

View Article Online

Analyst Communication

STEP 1

I. Master mixes and
solutions are manually
prepared

Il. Pre-processed tissue
sections are dispensed in
the 96-well plate

Liquid handler lll. Everything is loaded into

the liquid handler

P

STEP 2

I.  Master mixes are
dispensed

Il. Serial dilutions are
performed preparing the

Liquid handler calibration curve

Abasic PNA probe ~—

SMART base-biotin
miR-122-5p S e @ /
¥ 3
. /

STEP 3

LR . Hybridization of miR-122-5p
"""" to the abasic PNA probe (1h
3X washes 3X washes —room temperature)
Il.  SMART base-biotin enters

the chemical pocket (1h —
41°C)

I1l. HRP-streptavidin binds the
SMART base-biotin (10 min
— room temperature)

Semi-automatic
washer

HRP-streptavidin .

STEP 4

I. HRP substrate is added to
each single 8-well strip

Il. The solution is transferred to
a fresh 8-well strip

Ill. Measurement via SiPM-based
reader

Liquid handler

Fig. 1 SA-ODG platform workflow. STEP 1: equipping the liquid handler with master mixes, solutions and the homogenised tissue sections into the
8-well strips in a support frame with 96 spaces; STEP 2: calibration curve and sample testing preparation; STEP 3: DCL reaction for SMART base-
biotin incorporation and HRP-streptavidin labelling; STEP 4: chemiluminescent signal measurement via the SiPM-based reader.
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Fig. 2 SA-ODG and RT-gPCR analyses. (A) Calibration curve of SA-ODG with spike-ins of synthetic miR-122-5p. The red dots represent the lumi-
nescent unit signal for miR-122-5p in liver tissue sections. LLoQ = lower limit of quantitation (64.7 pg mL™2). (B) Calibration curve of RT-qPCR with
spike-ins of synthetic miR-122-5p. The red dots represent the Ct values of miR-122-5p in liver tissue sections. (C) Luminescent unit signal of
miR-122-5p in liver and kidney tissue sections. (D) Ct values of miR-122-5p in liver and kidney tissue sections.

that the quantification achieved by the SA-ODG platform is
highly specific. It is worth noting that while miR-122-5p is
present in the kidneys as verified by RT-qPCR (Fig. 2D), its
amount (0.13 pg mL™") falls below the lower limit of quanti-
tation (LLoQ) of the SA-ODG platform (64.7 pg mL™") calcu-
lated from the calibration curve data. Using the calibration
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-
E
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0 T T
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Fig. 3 RT-qPCR and SA-ODG quantification of miR-122-5p in liver
tissue sections.
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curves, the absolute quantity of endogenous miR-122-5p was
extrapolated from both SA-ODG and RT-qPCR analyses of liver
tissue sections. The results in Fig. 3 show that SA-ODG absol-
ute miRNA quantification (median 281.6 pg mL™") is compar-
able to the one provided by RT-qPCR (median 292.9 pg mL ™).
These findings demonstrate the capability of SA-ODG for accu-
rate PCR-free absolute quantification of miR-122-5p in liver
tissues. This marks the first application of the ODG platform
for solid tissues, requiring minimal pre-processing steps.
Further analytical analysis of SA-ODG and RT-qPCR data

Table 1 Competitive matrix comparing the manual protocol of the
ODG platform and RT-qPCR with the SA-ODG platform. Throughput is
considered as the number of samples analysed in the same assay run.
Hands-on time is considered as the time spent pipetting

Manual SA-ODG, RT-qPCR,
LLoQ ODG, ng mL ™" pgmL™! fg mL ™
Precision <25% <10% <10%
Accuracy <15% <15% <10%
Throughput Low High Medium
Hands-on time Medium Very low High
RNA extraction No No Yes

This journal is © The Royal Society of Chemistry 2024
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allowed the building of a competitive matrix shown in Table 1.
Precision and accuracy are comparable, demonstrating the
robustness of the SA-ODG platform. The SA-ODG platform
throughput is higher, resulting in reduced hands-on time,
which in turn liberates the user for more critical tasks.
Moreover, SA-ODG does not require RNA extraction, which
could introduce variability in the analysis. SA-ODG is also
superior to the previous manual protocol regarding all the cri-
teria taken under consideration.

Conclusions

Over the past two decades, there has been a constant attempt
to either improve the gold-standard RT-qPCR method or find
alternatives for miRNA detection and quantification.® Yet,
miRNAs present several challenges due to their short
sequence, difficulties in the normalization analysis and, in the
case of those found in biofluids, their low abundance. Several
variances of the RT-qPCR standard procedure have been intro-
duced such as ddPCR,*? RT-qPCR-DS (direct detection in
serum),*” Direct S-Poly(T) Plus** and multiplex circulating
Fireplex'® to avoid RNA extraction or retro transcription steps.

Introduced in 2019, the ODG platform marked a significant
advancement in this field, by demonstrating the feasibility of a
highly specific, sensitive, and reliable analytical biosensor
capable of directly detecting miRNAs and small nucleic acids
in general. The ODG platform addressed many challenges
posed by existing analytical methods by eliminating the need
for RNA extraction, target labeling, and PCR amplification.

The ODG platform has played a crucial role in the analysis
of circulating miRNAs found in liquid biopsies. The platform
has demonstrated a significant limit of detection, allowing for
the successful and direct identification of hsa-miR-21-5p in
plasma samples obtained from patients with NSCLC.'®
However, it is worth noting that the ODG platform initially
operated with a relatively manual approach, which presented
certain challenges in its operation similar to many other
benchtop readers. Recognizing the need to address these oper-
ational constraints, a decision was made to create the SA-ODG
platform by integrating a liquid handler and a semi-automated
washer with the ODG platform. This strategic integration facili-
tated automation, streamlining the workflow, and improving
efficiency. The SA-ODG platform is a significant milestone in
the evolution of the ODG platform, transitioning it from a
manual to a semi-automated system. This advancement
improves assay throughput by increasing the number of
samples tested from 5 to 26 in a single run thanks to the
96-well plate format. In addition, the automation significantly
reduces manual labor by reducing hands-on time of about
90%, with a user-friendly protocol designed for ease of use,
even by those with limited technical skills. Reducing hands-on
time is pivotal; it frees operators for more critical tasks, lowers
test costs, and diminishes the possibility of human errors.
This study also illustrates the workflow efficiency of the
SA-ODG platform, achieving a 50% reduction in total assay

This journal is © The Royal Society of Chemistry 2024
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time for the direct analysis of small nucleic acids compared to
the gold-standard RT-qPCR and the manual ODG platform.

This work outlines the effort involved in this transition, pre-
senting the potential of the SA-ODG platform to revolutionize
small nucleic acid analysis in clinical and research settings.
The protocol used the unique Stabiltech buffer that allows the
lysation of the tissue and stabilization of miRNAs. To the best
of our knowledge, this is the first work analyzing miRNAs in
solid tissues without RNA extraction or PCR amplification with
the support of a full semi-automatized workflow.

This proof-of-concept, demonstrated with miR-122-5p,
opens up the possibility of miRNA quantification in solid biop-
sies for diagnostic purposes, which has been shown to have
clinical significance.****” Moreover, the platform shows
promise for use in further applications involving nucleic acids
in general, such as animal-based pharmacological studies that
rely on tissue analysis to comprehend pharmacokinetics and
pharmacodynamics. Additionally, modern pharmaceutical
approaches, including organoids, iPSCs, and organ-on-chip
technologies, require efficient processing of solid matrices.

In conclusion, the implementation of the SA-ODG platform
presents an innovative nucleic acid testing tool for the direct
qualitative and quantitative analysis of small nucleic acid bio-
markers in tissue biopsies using a semi-automated approach.
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