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Introduction

Results

Research on pathologies, especially cancer, has a more
translational approach nowadays. Multidisciplinary fundamental
research aims at reducing the incidence of disease, morbidity and
mortality for better health conditions. Translational research bridges
the gap between in vitro experimental results and clinical studies
on biological fluids. Currently over 2 500 human miRNAs have
been identified with the opportunity to be used as disease-related
biomarkers. miRNAs hold great promise in prognosis, diagnosis,
as well as monitoring treatments but it remains a work in progress.
Clearly the generation of circulating cancer biomarkers may lead to
a significant improvement in patient management.
Different platforms for the study of miRNAs, either based on
RT-qPCR or hybridization, are present in the market. The MicroArray
Quality Control (MAQC) project from FDA, comparing a few of
them, showed that inter-platform results are highly variable in terms
of detection of specific miRNAs. Also, robustness and reproducibility
are key issues, as they might compromise the follow up of patients
over time.
Here, we present a robust platform based on 3D-Gene® microarray
technology, that aims at solving the reproducibility problem.

I/ Advantage of 3D-Gene technology

Materials and methods
miRNA profiling
miRNA profilings were performed with 3D-Gene® Human miRNA
Oligo chips (Toray Industries, Inc., Tokyo) detecting more than 2 500
types of human miRNAs according to the manufacturer’s protocol.
miRNA contents in 250 ng of human prostate total RNA (Ambion,
ref. AM7988) were assayed with the oligo chips V19 (release 19
from the miRBase database). miRNAs were extracted from plasma
samples of a healthy donor divided in two tubes (C1 & C2) and
two plasma samples of breast cancer donors (BC1 & BC2) using
3D-Gene® RNA extraction reagent. 300 µl plasma were used for
extraction. miRNAs were analyzed by Agilent 2100 Bioanalyzer and
were profiled with microarray V21 (release 21 from the miRBase
database).

Normalized data processing
The fluorescent signals were extracted from images by Extraction
software (Toray Industries, Inc, Tokyo) to generate raw data. The
threshold for detected signal was over the mean + 2x standard
deviation of the blank spot signals. The background was removed
from the detected signal by subtracting the mean signal of blank
spots. All data without background were normalized per microarray
by dividing by the median of the signal intensity of all background
substracted data, and multiplying by 25. The normalized data were
called positive detection calls.

Discussion
®

Toray Industries, Inc. has developed a new structure for DNA
microarray (Figure 1). The 3D-Gene® microarray is made with black
resin substrate which substantially decreases background noise. The
columnar structure for the detection area enables the stabilization
of spot morphology and the acquisition of a uniform detected
image. The substrate is treated with special chemicals so that the
probes on the top of the micro-columns are firmly immobilized in a
dense and uniform fashion. A microbead agitation system maximizes
the hybridization efficiency and signal intensity.

II/ miRNA profiling of plasma samples
a/ miRNA extraction
We have done a pilot study using
two samples (C1 and C2) from the
same healthy human plasma and
two plasma samples from breast
cancer donors (BC1 and BC2). The
quality of miRNA was assessed
using Agilent Bioanalyzer. Figure 2
shows the profiles of miRNA size.
The profiles of samples C1 and C2
are identical indicating that the
reagent and the extraction protocol
are robust and produce the same
amount and size range of miRNA.
The profiles of breast cancer
samples BC1 and BC2 are similar
but the amount of miRNA is 5 fold
lower than in plasma of healthy
donor. The samples C1 and C2 were
used for repeatability study using
3D-Gene® Human Oligo miRNA
chip (ver 21, Figure 3).

Figure 1
Structure of 3D-Gene®.
The microarray is made
with black resin substrate
(A). The detection area is
constituted by columnar
structure (B). The top surface
of the micro-columns are
treated with special
chemicals so that the
probes are firmly
immobilized (C). A bead
agitation system is used
to increase the signal
intensity (D).

b/ miRNA profiling using 3D-gene technology
The scatter plots represent the positive detection calls detected
in samples C1 and C2 tested on two microarrays (Figure 3).
In C1 and C2, 1321 and 1420 positive detection calls out of 2565
were detected, respectively. The results reveal a very strong
correlation, above 0.99, between miRNA detections of sample
replicates. The calculated correlation includes not only all steps
of array experiment but also the miRNA extraction step with the
specific Toray’s extraction kit for blood or plasma/serum sample.
BC1 and BC2 samples are currently under evaluation.
®

R = 0,998

Figure 2
Analysis of miRNAs of samples C1, C2, BC1 and BC2
with Agilent 2100 Bioanalyzer.

Figure 3
Intra-platform repeatability
of quantitative measurement
of miRNA in human plasma
sample. The miRNA from
the same plasma sample
were extracted twice in
parallel (called C1 & C2)
with 3D-Gene® miRNA
extraction reagent from
liquid sample kit. Only
positive detection calls
from 3D-Gene® Human
Oligo miRNA chip (ver.21)
were used for analysis.
The correlation coefficient
(R) was calculated.
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Unlike other microarray technologies requiring manual visual
®
control of gridding, 3D-Gene technology structure enables
automatically positioning of grid without needing fluorescent
spot. This feature reduces the possibility of visual checking error.
RT-qPCR is a technique of choice for miRNA quantitation. However
interpretation of fold changes should be done cautiously.
Technically both the RT step and the amount of RNA can
introduce bias during RNA profiling, specifically for GC-rich
sequences. Furthermore, everyone agrees to say that normalization
method is one of the most important issue in data comparison
from various platforms (1, 2). For example, with RT-PCR or LNA
array, normalization is done with endogenous reference RNAs as
small nuclear RNAs (snRNA) or small nucleolar RNAs (snoRNA)
while data from 3D-Gene® technology is normalized across the
median of all detected miRNA. The use of these housekeeping
controls is suitable for tissue or cell samples but is useless for
studying circulating miRNA (3) or inter-tissue miRNA profile
because these snRNA/snoRNA are variable among tissues (4, 5).
Thus far, no endogenous controls are known for samples like
serum, plasma or urine yet and normalization can only be
done considering the initial fluid volume.

Conclusion
Not all dysregulated miRNAs discovered by expression profiling
are pathogenic and many do not have a clear mechanism input
in oncogenesis. 3D-Gene® technology allows direct miRNA
analysis without amplification step and shows a robust reproducibility.
Such high-throughput microarray profiling could be of great
used for comparative studies, it is easily available through our
profiling platform.
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