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高感度DNAチップ3D-Gene®とDNAチップ実験の
QAQCの取り組みについて

High-sensitive DNA chip 3D-Gene® and an approach of Quality 
assurance/Quality control in the DNA chip experiment
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Highly Sensitive DNA microarray 3D-Gene®

http://www.3d-gene.com/en/

Copyright 2017 Toray Industries, Inc. All Rights Reserved 
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Probe - embedded area

Unique micro-columnar structure  
of probe - embedded area

Micro-columnar structure (3D) detects genes (Gene)

100μm

Technical Background (1): 
Highly Sensitive DNA microarray  3D-Gene®
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has four technologies features

Conventional
Flat glass substrate

④ Micro-bead 
agitation

Enhances hybridization efficiency

③ Unique surface 
treatment

Highly dense & uniform 
DNA immobilization

② Micro-columnar
structure

① Black plastic 
substrate

Stable spot
morphology

3D-Gene®

Reduced noise
（↓autofluorescence ）



No Agitation Agitation 

The bead agitation improved hybridization effectively

Signal intensity is drastically increased by the effect of beads agitation



Four technological advantages lead to supreme data quality

Low Noise
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High signal intensities
individual
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Reactive area

Cy5 signal intensity
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High reproducibility

3D-Gene®Microarray A

Superior detection power

Better
coverage

Unique detection
at low expression

Number of genes detected

High Correlation with qRT-PCR with high accuracy 
qRT-PCR                          3D-Gene®

These feature result in highly sensitive microarray

Covers the many expression genes



Single-stranded RNA molecules of 21-23 nucleotides in length, 
which regulate gene expression

miRNA can be new Biomarker as potential

microRNA (miRNA)

Inhibit

mRNA

gene（DNA）

mRNA

transcription

micro RNA

mBind to mRNA

protein

Life event



supplied by Dr. T. Ochiya

Serum miRNA analysis  is quite hot research area for clinical researchers



MAQC for comprehensive 
miRNA expression profiles

Agilent    Ambion Exiqon Toray   Invitrogen TaqMan
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miRNA data comparison
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PLoS ONE 2009;4(5):e5540

Correlation with TaqMan qRT-PCR

3D-Gene® has high correlation with TaqMan®

3D-Gene ® : evaluation by 3rd party
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Specificity of 3D-Gene ® on let-7 family

Sequences of human let-7 family

The red letters are mismatch nucleotides against let-7a. 

Intensity of the signals obtained with each probe sequence was normalized with 
a value of a completely matched sequence, and the ratios (%) were obtained.

high similarly sequence

Let-7 family 
chemically

synthesized
Individually 

labeling
Detected with 3D-Gene®
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3D-Gene ® miRNA microarray

・High Sensitivity

・High Reproducibility

・High correlation with RT-PCR

・High Specificity

Useful for many application 



18

Circulating microRNA in blood(Serum/Plasma)

Tissue / Cells

Apoptosis

Apoptotic 
body

Collect

3D-Gene ® detection

Exosome

Exocytosis
Microvesicle
Diameter 30-100nm
Phospholipid bilayer 

Enclose RNA like miRNA 
and proteins

Circulating body fluid
e.g., blood

Conjugate with protein

Diagnostic marker
Features
:Reflect the condition of organ/tissue
:Collection is easy
:Stable (freeze-thaw )
⇒ Considered as Easy and Useful Diagnostic 
marker

nuclease-resistant(stable)
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Extraction

miRNA

Exosomes Detection
Analysis

High quality
Great Reproducibility
Good Stability

Small amount
300 mL

0
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bp

Original
Extraction Reagent

DNA contamination

miRNA

RNA extraction technology especially focusing on serum/plasma analysis.
Extraction tech. : NO DNA contamination

Blood

High Sensitivity
Great Reproducibility
Excellent Quantitatively

miRNA 3D-Gene®
miRNA microarray

TORAYOther

Advantage of the 3D-Gene system for studying
circulating miRNA

Starting material is recommended only 300μL plasma / serum



1. Specific diagnostic markers will improve mortality rate and contribute the reduction of medical cost. 
2. Samples and clinical information stored in bio-bank of NCC/NCGG make the rapid research and 

development.
3. Hope for the prediction of the therapeutic effects or new drug development are also promising.

体液中マイクロRNA測定技術
基盤開発プロジェクト

Comprehensive analysis 
of miRNAs in serum

NCC

Cancer diagnosis with small amount of blood

Early stage detection of 
13 cancers and dementias

20

NCGG

バイオチップコンソーシアム
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データベースならびに臨床検査システムの開発

データベース
設計・構築・運用

JMACの主導によりデータベースを設計・構築・運用
国際的な視点からデータベースのベンチマーク評価⇒ 国際評価の向上
データベースの活用 ⇒ 診断システムの創出

miRNA発現プロファイル
臨床情報
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Serum 300μL

miRNA

exosome

3D-Gene®

3D-Gene® 

Highly sensitive DNA microarray(miRbase Rel.21 ）

Comprehensive analysis for serum miRNAs 

Addition

Voltex
cfg

Water 
layer

Organic layer

RNA 
purification
（96 well)

Extraction
Concentration

Serurm
miRNA

4μL

１．RNA extraction from serum

２．Comprehensive miRNA analysis with DNA microarray

RNA
4μL

AP

Fluorescent 
labeling

Hybridization

Wash

Digitizing

Scan

RNA
extraction

RNA
purification

RNA labeling DNA chip analysis Analysis
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[Addition]
Extraction control
Synthetic RNA

1 Extraction control ：
Used for the extraction efficiency
• Three synthetic RNA were added 

before the purification of RNA 
solution.

2 Labeling control：
Used for labeling efficiency
• Three synthetic RNA were added 

before labeling of RNA.
.
3 Internal miRNA：
Used for normalization
• Internal control miRNAs were 

selected from database of human 
serum miRNA of more than 700 
samples analyzed by 3D-Gene®

• Selection criteria was small CV 
(SD/average) by  geNorm

[Internal]
Control 
miRNA

[Addition]
Labeling control
Synthetic RNA

Purified RNA

Serum

Internal control miRNA
Extraction control
Labeling control

Detection

Quality control methods in project

24miRNAs



■標準物質開発
：正確で簡便な値付け技術
■データベースの開発
：真正性、信頼性、完全性、利便性が考慮されたデータベース

⇒信頼できるマーカーやシステムの開発と試験デザインの実施

JMACの国際標準化戦略と連携し、
標準物質の頒布とデータベースの活用を行う
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東レ3D-Gene®で測定⇒
データベース

プロジェクト
参画企業 プロジェクト

参画企業

プロジェクト
参画企業

測定標準核酸・血清
３D-Gene®測定データとともに
依頼に応じて提供

東レ

標準物質（核酸、血清）を頒布

JMAC

実用化戦略
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Analytical steps

> mean+2SD  of  background signal 

All miRNAs expression levels  for each sample  (2555, miRBase rel.21)

Positive call:
miRNA signal – (mean of negative control spots)

Negative call :
Minimum signal of miRNA -0.1

Normalization :Internal control miRNAs

miRNA expression data for analysis

CONTROL group
(Non-cancer participants)

TEST group
(Cancer patients)

T-test (BF corrected)
Fold change

LASSO
Absolute signal intensity

Fisher’s discriminant   with each marker-candidate miRNA

miRNA markers selection

Construction of Discriminant

Validation cohort



Study of Serum microRNA
Diagnostic Marker researched by 3D-gene

Training cohort Test cohort

Number of patients (1,280) 74 1,206

Tumor stage

Stage 0 (256) 0 256

Stage 1 (483) 0 483

Stage 2 (444) 52 392

Stage 3 (44) 22 22

Stage 4 (53) 0 53

Cancer Sci March 2016, vol. 107, no. 3, 326–334



Dis-criminant
Training set Test set

Accuracy
(%)

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

Sensitivity
(%)

Specificity
(%)

Diagnostic 
index

(5miRNAs)
78.7 87.8 78.5 89.7 97.3 82.9

Discriminant performance of combined 5 miRNAs

Discriminant performance combined 5 miRNAs 
results in more than 85%

A. Training set

Breast 
cancer

Non-cancer
control

Other cancers/benign dis.

B. Test set

Non-cancer 
Control

(N=1,343)

Breast 
Cancer

(N=1,206)

Breast 
Benign dis

(N=54).

Diagnostic index= (0.25 x miR-1246) + (0.49 x miR-1307-3p) - (1.06 x miR-4634) + 
(1.89 x miR-6875-5p) + (0.31 x miR-6861-5p) -13.94



Performance in combined 5 miRNAs 

Patients with breast cancer (1206)
Stage or TNM Positive Negative Sensitivity

Stage

Stage 0 (256) 251 5 0.980
Stage 1 (483) 474 9 0.981
Stage 2 (392) 375 17 0.957
Stage 3 (22) 22 0 1.000
Stage 4 (53) 51 2 0.962

T

T Tis (257) 252 5 0.981
T1 (505) 496 9 0.982
T2 (385) 369 16 0.958
T3 (22) 20 2 0.909
T4 (34) 33 1 0.971

N

Unknown (M1) (3) 3 0 1.000
N N0 (1070) 1040 30 0.972
N1 (109) 107 2 0.982
N2 (14) 13 1 0.929
N3 (4) 4 0 1.000
Unknown (M1) (9) 9 0 1.000

M M M0 (1153) 1133 31 0.973
M1 (53) 51 2 0.962



Summary

• 3D-Gene®system, which includes the RNA extraction 
kit, the highly sensitive DNA microarray, is suitable to 
detect the comprehensive miRNA expression in 300 μL
of serum /plasma.

• In the national project, we have been constructing
miRNA profiling database of various cancer serum and
we have been developing cancer diagnosis device.

• We  control the experiments and analysis data quality by 
using developed standard substance in national project.
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