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microRNA detection with laminar flow-assisted dendritic amplification on 
power-free microfluidic chip, PLoS ONE, 2012, 77, e48329. 
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microRNA  
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3. 1  
[1], [2] miRNA 

miRNA
total RNA 

mRNA RNA miRNA miRNA
miRNA miRNA RNA

total RNA miRNA
 

miRNA 
DNA

miRNA limit of detection; LOD
miRNA 

 miRNA
miRNA 1 2

miRNA  miRNA
total RNA total RNA  

 
 
3. 2  
3. 2. 1 miRNA  
3. 2. 1. 1 miRNA  

miRNA 1. 1. 2. 1
1. 1. 3 1. 1. 4
LFDA

3 - 1  
 

3 - 1  
   

DIG Wash and Block Buffer Set  Blocking solution, 
10×conc.(BR) 

Roche Diagnostics 11585762001 

UltraPure 20×SSC Buffer Thermo Fisher Scientific 15557-044 
10% SDS Solution  311-90271 
10% tween20 BETHYL E108 
Streptavidin-FITC from Streptomyces avidinii Sigma-Aldrich S3762-.5MG 
Biotinylated Anti-Streptavidin Vector Laboratories BA-0500 

3' HPLC    
 

miRNA
10 kPa
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Y 3 4 
2 3

3 - 1
 

 
 (1% BR, 0.02% SDS, 5×SSC, 0.05% 

Tween20) 3 Step 1  
miRNA 0.5 μL

0.5 μL 10 nM 1 μM
DNA Detection Probe DNA; DP 1 μL 

5 Step 2  
5 ng/μL FITC F-SA 3 μL
20 ng/μL B-anti-

SA 6 μL 1 Step 3
100W 10 CCD CoolSNAP 

HQ2 ECLIPSE TE2000-U  
Nicon
1  

 

 
3 - 1 LFDA miRNA [2] 
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3. 2. 1. 2 miRNA  
ImageJ (National Institutes of 

Health) 

3 - 2  
 

 
3 - 2 [2] 

 
3 - 1 Step 3 1

3 - 3 signal
reference

Signal-to-reference ratio (SRR) 3 - 3  
 

 
3 - 3 reference
signal reference  
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reference SRR
miRNA miRNA

3 - 4 miRNA 3 n = 3
SRR Microsoft Excel 

miRNA
miRNA SRR 4

(a, b, 
c, d) 3 - 4

4  

 
x RNA y SRR a SRR b RNA

c SRR x d SRR
[3]  

LOD SRR n = 5 SRR
3  (3 SD) y RNA x  

 

 
3 - 4  

 

b

c
x
dady

1
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3. 2. 2 miRNA  
miRNA 1

miRNA
hsa-miR-204 2 DNA

Capture probe DNA; CP Detection probe DNA; DP
2 hsa-miR-211 1 

mmu-miR-211 DNA miRNA
3 - 2  

 

3 - 2 miRNA DNA 5’  3’  

 miRNA  Capture Probe  Detection Probe 

hsa-miR-204-5p UUCCCUUUGUCAUCCUAUGCCU NH2 - T15 - AGGCATAGGAT GACAAAGGGAA -biotin 

hsa-miR-211-5p UUCCCUUUGUCAUCCUUCGCCU - - 

mmu-miR-211-5p UUCCCUUUGUCAUCCUUUGCCU - - 

T15 TTT TTT TTT TTT TTT  

 

3 - 2 1 2 
miRNA CP CP-204 DP DP-204 hsa-miR-211 
mmu-miR-211 

miRNA 3 - 5  

 

 

3 - 5 miRNA
DP 1 μM 10 nM  

 
hsa-miR-204 1 pM ~ 10 nM

LOD hsa-miR-211 mmu-miR-211 1 pM ~ 10 nM) 

RNA DP miRNA
hsa-miR-204 hsa-miR-211 

hsa-miR-204  
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3. 2. 3 miRNA miRNA  
1. 1. 2. 1 miRNA miRNA

miRNA miRNA 
miRNA RNA miRNA

miRNA
miRNA  

4 miRNA CP DP 
miRNA pre-miRNA

miRNA DNA 3 - 3 miRNA
3 - 4 3 - 4 miRNA miRNA

 
 

3 - 3 miRNA (5’  3’) 

 miRNA Capture Probe(CP) Detection Probe(DP) 

hsa-miR-16-5p UAGCAGCACGUAAAUAUUGGCG NH2 -T15- CGCCAATATTTAC GTGCTGCTA -biotin 

hsa-miR-21-5p UAGCUUAUCAGACUGAUGUUGA NH2 -T15- TCAACATCAGT CTGATAAGCTA -biotin 

hsa-miR-451a AAACCGUUACCAUUACUGAGUU NH2 -T15- AACTCAGTAATG GTAACGGTTT -biotin 

hsa-miR-500a-3p AUGCACCUGGGCAAGGAUUCUG NH2 -T15- CAGAATCCTTGC CCAGGTGCAT-biotin 

T15 TTTTTTTTTTTTTTT  
 

3 - 4 miRNA (5’ – 3’)  
 5’ → 3’  

miR-16 
GUCAGCAGUGCCUUAGCAGCACGUAAAUAUUGGCGUUAAGAUUCUAAAAUUAUCUCCAGU
AUUAACUGUGCUGCUGAAGUAAGGUUGAC 

miR-21 
UGUCGGGUAGCUUAUCAGACUGAUGUUGACUGUUGAAUCUCAUGGCAACACCAGUCGAUG
GGCUGUCUGACA 

miR-451a 
CUUGGGAAUGGCAAGGAAACCGUUACCAUUACUGAGUUUAGUAAUGGUAAUGGUUCUCUU
GCUAUACCCAGA 

miR-500a 
GCUCCCCCUCUCUAAUCCUUGCUACCUGGGUGAGAGUGCUGUCUGAAUGCAAUGCACCUG
GGCAAGGAUUCUGAGAGCGAGAGC 

miRNA miRNA  

 

miRNA
DNA

miRNA miRNA
miRNA miRNA

3 - 6  
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3 - 6 miRNA miRNA
B-anti-SA 20 μg/mL 10 μg/mL  

 
 
3. 2. 4 total RNA miRNA  

miRNA
total RNA total RNA mRNA

RNA miRNA miRNA miRNA
total RNA total RNA miRNA

total RNA
miRNA

miRNA PCR qRT-PCR
miRNA  

 
 
3. 2. 4. 1 total RNA miRNA  

miR-16, 451, 223
cel-miR-39 miRNA

DNA 3 - 5  
 

3 - 5 RNA DNA (5’  3’ ) 
miRNA Capture Probe (CP)  Detection Probe (DP) 

hsa-miR-16 UAGCAGCACGUAAAUAUUGGCG NH2-T15-CGCCAATATTTAC GTGCTGCTA-biotin 

hsa-miR-223 GUGUCAGUUUGUCAAAUACCCCA NH2-T15-TGGGGTATTTG ACAAACTGACAC-biotin 

hsa-miR-451a AAACCGUUACCAUUACUGAGUU NH2-T15-AACTCAGTAATG GTAACGGTTT-biotin 

cel-miR-39 UCACCGGGUGUAAAUCAGCUUG NH2--T15-CAAGCTGATTTAC ACCCGGTGA-biotin 

T15 TTTTTTTTTTTTTTT  
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total RNA miRNA
3 - 7  

 

 
3 - 7 total RNA miRNA  

 
 
3. 2. 4. 2 PCR total RNA miRNA  

PCR qRT-PCR miRNA
miRNA miRNA  RNA (5 ng/μL MS2 RNA) 
109, 108, 107, 106, 105 /μL qRT-PCR

miRNA total RNA Nuclease-free 
water 50 ng/μL (42°C 60 min, 95°C 5 min, 4°C ∞) 

cDNA Nuclease-free water 76 PCR
95°C 10 min, [95°C 10 sec, 60°C 1 min]×40 cycles ramp rate 100% qRT-

PCR  miRCURY LNA™ Universal RT microRNA PCR (Exiqon) 
7900HT Fast Real Time PCR System SDS Software 

v2.4 (Applied Biosystems) 3 - 6
qPCR 3 - 7 3 - 8  

 
3 – 6 qRT-PCR  

   
Human Blood, Peripheral Leukocytes Total RNA Clontech 636592 
Universal cDNA Synthesis Kit II  Exiqon 203301 
ExiLENT SYBR Green master mix  Exiqon 203403 
ROX Passive Reference  Eurogentec 315-80421  
RNA, MS2  Roche 101659480 

 
3 - 7   3 – 8 qRT-PCR  

 
 
 
 

Reagent Volume (μL) 
5X Reaction Buffer 2 
Nuclease-free water 5 
Enzyme mix 1 
Template RNA 2 
Total volume 10 

Reagent Volume (μL) 
PCR Master mix 5 
10X PCR primer mix 1 
ROX passive reference 0.2 
76  cDNA template  3.8 
Total volume 10 
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3. 3  
3. 3. 1 miRNA DNA  

miRNA DNA
[4] miRNA

DNA miRNA 2
DNA Kd

DNA  
1 DNA RNA 2

DNA 2
DNA

DNA DP miRNA DNA CP

DNA
 

miRNA miR-223 22
DNA CP 11 DP 11

DP 1 DNA CP 10 DP 12
2 miR-223

DNA
LOD miR-223 DNA

miR-223 DNA 3 - 9  
 

3 - 9 miR-223 DNA Kd Tm  
 5’  3’  Kd [nM] Tm [ ] 

miR-223 UGUCAGUUUGUCAAAUACCCCA - - 
CP-223(11) TGGGGTATTTG 0.50 46.2 
DP-223(11) ACAAACTGACA 6.77  37.4 
CP-223(10) TGGGGTATTT 6.23 40.7 
DP-223(12) GACAAACTGACA 0.41 42.8 

DNA  
 

miR-223 DNA CP-223(11) DP-223(11)
0.50 6.77 CP DP

DP 1 miR-223
DNA CP-223(10) DP-223(12) 6.23 0.41 DP

DNA
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miR-223 3 - 8  
 

 
3 - 8 DP 1

DNA miRNA  
 

3 - 8 DNA
0.12 pM DP 1 DNA

1.96 pM DNA
DP

CP CP
miR-223  

miRNA miR-21 22
DNA CP 11 DP 11

CP 1 DNA CP 12 DP 10
2 miR-21
DNA

miR-21 DNA miR-21
DNA 3 - 10  

 
3 - 10 miR-21 DNA Kd Tm  

 5’  3’  Kd [nM] Tm [ ] 
miR-21 UAGCUUAUCAGACUGAUGUUGA - - 

CP-21(11) TCAACATCAGT 1.99 42.0 
DP-21(11) CTGATAAGCTA 8.16 37.6 
CP-21(12) TCAACATCAGTC 8.09 10-2 48.7 
DP-21(10) TGATAAGCTA 1.85 102 30.0 

DNA  
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miR-21 DNA CP-21(11) DP-21(11)
1.99 8.16 CP DP

CP 1 miR-21
DNA CP-21(12) DP-21(10) 8.09×10-2 1.85×102 CP

DP
DNA miR-21 3 - 9  

 

 
3 - 9 CP 1

DNA miRNA  
 

3 - 9 DNA miR-21
0.81 pM CP 1 DNA

miR-21 9.21 pM
DNA CP 1

miR-21 CP
DP

 
2 DNA miRNA

DNA CP DP

miRNA DNA
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3. 3. 2 miRNA  
miRNA

6 miRNA
LOD 3 - 10  

 

 

3 - 10 miRNA  
 

LOD
1 pM LOD miRNA

LOD 1 pM
20

0.5 μL miRNA

miRNA 3 DNA
3 miRNA [5]

miRNA  
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3. 3. 3 miRNA  
hsa-miR-204 CP-204 DP-204 hsa-miR-204

has-miR-211 2 mmu-miR-211 1
3 miRNA miRNA 3 - 11  

 

 
3 - 11 has-miR-204 hsa-miR-211 mmu-miR-

211 CP DP miRNA 
mmu-miR-211 hsa-miR-211 n = 1  

 
3 – 11 2 DNA CP-204 DP-204

hsa-miR-204 10 pM CP
2 hsa-miR-211 10 nM

1 mmu-miR-211 100 
pM SRR hsa-miR-204 

mmu-miR-211 
mmu-miR-211 mmu-miR-211 4.0~8.1%

3 - 11 1
1

miRNA miRNA DNA
miRNA  
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3 - 11  
 mmu-miR-211 hsa-miR-211 

     
1 pM N.D. N.D. N.D. N.D. 

10 pM N.D. N.D. N.D. N.D. 
100 pM 4.0 pM 4.0% N.D. N.D. 

1 nM 61 pM 6.1% N.D. N.D. 
10 nM 810 pM 8.1% N.D. N.D. 

N.D. not detected LOD  
 

miRNA
100 pM hsa-miR-204 100 pM hsa-

miR-204 10 nM hsa-miR-211 
2 has-miR-211 10 nM 

 3 - 11 3 - 12
 

 

 
3 - 12 hsa-miR-204  

 
3 - 12 10 nM hsa-miR-211

DP 10 nM miRNA
 

miRNA 
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3. 3. 4 miRNA miRNA  
miRNA

miRNA 95°C 10 2 
90°C 4°C 60

2 miRNA

miRNA miRNA miRNA
3 - 13  

 

 
3 - 13 miRNA miRNA 

(a) RNA (b) miRNA  
 

miRNA miR-16, 21, 451a, 500a 100 pM
1 - 13

miRNA DNA
miRNA pre-miR-16, 21, 451a miRNA 100
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10 nM pre-miR-500a 10 nM
reference pre-miR-500a 

miRNA 100 pM
3 - 14  

 

 
3 – 14 pre-miR-500a pre-miR-500a  

(a) 1 nM (b) 0.1 nM  
 

pre-miR-500a pre-miR-500a miRNA

3 – 14 (b) pre-miR-500a DNA

miRNA
miRNA 

miRNA  
miRNA 3 - 15

pre-miR-16, 21, 451a 
miRNA reference

pre-miR-500a SRR 4.7
SRR 2.8

miRNA
DNA  

miRNA  

miRNA
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3 – 15 miRNA   

 
miRNA miRNA miRNA

100 pM miR-16 
100 pM miR-16 10 nM pre-miR-16

3 – 16 10 nM pre-
miR-16 3 – 13 a  
 

 
3 – 16  miR-16  
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miRNA miRNA 
 

miRNA
miRNA miRNA

 
 
 
3. 3. 5 total RNA miRNA  
3. 3. 5. 1 total RNA miRNA  

miRNA
total RNA 1 ng/mL miRNA

3 - 17  
 

 
3 - 17 miRNA

total RNA miRNA
total RNA SRR  
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3 – 17 miR-16, 451
miR-223 cel-
miR-39 miRNA

total RNA
 

 
 
3. 3. 5. 2 PCR total RNA miRNA  

qRT-PCR miRNA total RNA
1 ng/mL miRNA 3 - 18

total RNA miR-16, 451
miR-223

cel-miR-39  
 

 

3 - 18 qRT-PCR miRNA
total RNA miRNA  
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3. 3. 5. 3 qRT-PCR  
qRT-PCR total 

RNA miRNA 3 - 19 3 - 20  
 

 

 
3 - 19 qRT-PCR

total RNA 1 ng/mL miRNA
miRNA  
 

 
3 - 20 total RNA 1 ng/mL

qRT-PCR  
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3 - 19 miR-16, 223, 451a qRT-PCR
cel-miR-39

qRT-PCR
2 3 - 20
3 - 20 miR-16, 451a, 

223 2  
miRNA

total RNA miRNA
miRNA

miRNA
 

 
 
3. 4  

miRNA
miRNA LOD

miRNA  
LFDA miRNA

miRNA 2 DNA 0.5 μL
miRNA 20

miRNA DNA
DP CP DNA

6
miRNA DNA

LOD miRNA 1 
pM  

miRNA miRNA
2 

10 nM 1 100 pM
1

4.0 ~ 8.1% 
miRNA miRNA

miR-16, 21, 451a miRNA miRNA
miRNA 100 pM 

miRNA 10 nM miR-500
miRNA 10 nM
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100 pM miRNA
miRNA total 

RNA miRNA
PCR

total RNA
miRNA miR-16

miR-451a miR-223
miRNA miR-16 451a 223

PCR
miRNA

cel-miR-39 PCR

miRNA total RNA miRNA
 

 
 

 
[1] H. Arata, H. Komatsu, A. Han, K. Hosokawa, and M. Maeda, Rapid microRNA 

detection using power-free microfluidic chip: coaxial stacking effect enhances the 
sandwich hybridization, Analyst, 2012, 137, 3234–3237. 

[2] H. Arata, H. Komatsu, K. Hosokawa, and M. Maeda, Rapid and sensitive microRNA 
detection with laminar flow-assisted dendritic amplification on power-free 
microfluidic chip, PLoS ONE, 2012, 7, e48329. 

[3] P. Diamandis and T. K. Christopoulos, Immunoassay, Academic Press, San Diego, 
1996. 

[4] T. Ueno, and T. Funatsu, Label-free quantification of microRNAs using ligase-
assisted sandwich hybridization on a DNA microarray, PLoS One, 2014, 3, e90920. 

[5] R. Ishihara, K. Hasegawa, K. Hosokawa, and M. Maeda, Multiplex microRNA 
detection on a power-free microfluidic chip with laminar flow-assisted dendritic 
amplification, Analytical Sciences, 2015, 31, 573-576. 
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DNA  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



59 
 

4. 1  
miRNA

DNA 5-
5mC 1 22 DNA DNA

5mC DNA
LOD

SEPT9 [1], [2], [3]

5mC 5 60 DNA DNA
LOD 5mC

 5mC 5-
5hmC

DNA
 

 
 
4. 2  

DNA  miRNA
Y Y DNA signal Y

DNA reference  
DNA 3 miRNA

1 miRNA DP
DNA DNA 5mC 5mC

5mC DNA 5mC
2 miRNA FITC

F-SA B-anti-SA LFDA
DNA B-anti-SA IgG

B-anti-IgG LFDA B-anti-IgG
5mC IgG IgG IgG

5mC 5mC B-anti-IgG
DNA 5mC LFDA

B-anti-IgG LFDA
DNA 5mC B-anti-IgG F-SA B-anti-IgG -

DNA signal DNA reference
DNA DNA signal

SRR LOD miRNA  
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4. 2. 1 DNA  
DNA 4 - 1 4 - 2

DNA 22 5mC 1
miRNA Blocking buffer  

 
 

4 - 1 DNA  
   

DIG Wash and Block buffer set blocking solution 

Ultra Pure 20×SSC Buffer 

10% SDS solution 

10% Tween20 

5-methylcytosine antibody (mAb) (Clone 33D3) 

FITC conjugated streptavidin (F-SA) 

Biotinylated Anti-Mouse IgG (H+L) Antibody, Human 

Serum Adsorbed (B-anti-IgG) 

Roche Diagnostics 

invitrogen 

 

SIGMA Aldrich 

Active Motif 

SIGMA Aldrich 

KPL 

11585762001 

15557-044 

311-90271 

E108 

39649 

S3762-.5MG 

16-18-06 

 
 

4 - 2 DNA DNA  
 5’ → 3’ ’  

Capture DNA M-1 

DNA 22  

DNA 22  

NH2 – TTTTTTTTTTTTTTT CAG AAT CCT TGC 

TAC GTT ATC AGA CTG ATG TTG A 

TAC GTT ATC AGA CTG ATG TTG A 

 

 

 

5mC 
 

Blocking buffer
DNA Capture DNA M-1

DNA 2 DNA
DNA 2

DNA 5mC 5mC
B-anti-IgG 5mC 5mC

B-anti-IgG LFDA
DNA 4 - 1 Blocking 

buffer  
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4 - 1 DNA  
 
 

DNA  
Blocking buffer Blocking buffer

Step 1  
DNA 0.5 μL DNA

0.5 μL 5mC 1 μL Step 2
DNA Capture DNA M-1

DNA 5mC 5mC  
10 μg/mL B-anti-IgG 3 μL 5 μg/mL F-SA

6 μL Step 3
1  
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4. 2. 2 DNA  
DNA 22

DNA 60 5mC DNA
4 - 3 DNA

SEPT9
60 5mC 5

DNA 4 - 3 Capture DNA M-2
DNA

Blocking buffer DNA 4 - 2
Blocking buffer  

 
4 - 3 DNA   

 5’ → 3’ ’  

Capture DNA M-2 

DNA 60  

 

 

DNA 60  

 

 

NH2 – TTTTTTTTTTTTTTT CAG AAT CCT TGC 

CGG ACC CCG CGG TCA ACG CGC AGC TGG 

ATG GGA TCA TTT CGG ACT TCG AAG GTG 

GGT GCT  

CGG ACC CCG CGG TCA ACG CGC AGC TGG 

ATG GGA TCA TTT CGG ACT TCG AAG GTG 

GGT GCT 

 

 

 

 

 

5mC 
 

 
4 - 2 DNA  
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DNA  
Blocking buffer Blocking buffer

Step 1  
DNA 0.5 μL DNA

0.5 μL 5mC 1 μL Step 2
DNA Capture DNA M-2

DNA 5mC 5mC  
5 μg/mL B-anti-IgG 3 μL 2.5 μg/mL F-SA

6 μL Step 3 Step
1  

 
 
4. 2. 3 DNA  
  

5-hydroxymethylated cytosine 5hmC DNA
DNA

5hmC DNA
LOD  

22 5hmC 1
DNA DNA 4 - 4 DNA

DNA DNA
Capture Probe DNA DNA DNA

Blocking buffer  
 

4 - 4 DNA DNA  
 5’ → 3’ ’  

Capture DNA M-1 

DNA 

DNA 

NH2 – TTTTTTTTTTTTTTT CAG AAT CCT TGC 

TAC GTT ATC AGA CTG ATG TTG A 

TAC GTT ATC AGA CTG ATG TTG A 

 

 

 

5hmC 
 

DNA
Blocking buffer Capture DNA M-1

DNA 2 DNA
DNA 2

DNA 1
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5hmC 5hmC DNA 5hmC
B-anti-IgG DNA

5hmC 5hmC B-anti-IgG
LFDA

DNA 4 - 3  
 

 

4 - 3  DNA  
 
 

DNA  
Blocking buffer Blocking buffer

Step 1  
DNA 0.5 μL

DNA 0.5 μL 5hmC 1 μL Step 
2 DNA Capture DNA M-1

DNA 5hmC 5hmC
 

10 μg/mL B-anti-IgG 3 μL 5 μg/mL F-SA
6 μL Step 3

1  
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4. 3  
4. 3. 1 DNA  
4. 3. 1. 1 5mC  

DNA 5mC
DNA 5mC 5mC

DNA 1000 nM F-SA 5 μg/mL B-anti-IgG 10 
μg/mL 5mC 0.1 μg/mL 1 μg/mL 10 μg/mL 100 μg/mL

4 DNA 5mC
4 - 4

5mC miRNA
SRR  

 

 
4 - 4 5mC DNA

5mC (a) 0.1 μg/mL (b) 1 μg/mL
(c) 10 μg/mL (d) 100 μg/mL reference

SRR  
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4 - 4 5mC signal
5mC 10 μg/mL

reference 100 μg/mL SRR
SRR 1 μg/mL

5mC DNA 5mC
1 μg/mL

4 - 5  
 

 
4 - 5 DNA DNA 100 nM

3 100 nM DNA 100 
nM DNA  
 

4 - 5 DNA DNA CP
2

DNA DNA

DNA
DNA 20 DNA

DNA
LFDA[4] -

B-anti-SA F-SA B-anti-IgG -
LFDA
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4. 3. 1. 2 DNA  
DNA 4 - 6
Blocking buffer  

 

 
4 - 6 DNA  

 
4 - 6 DNA LOD  LOD 1.2 nM = 

8.1 μg/mL 3. 3. 2
miRNA LOD 1 pM
DNA 3

1 miRNA 2 RNA-DNA miRNA
CP DP DNA
1 DNA-DNA 5mC 5mC

2 LFDA 5mC
B-anti-IgG LFDA

-
DNA miRNA

DNA
 ng/mL DNA

DNA 0.1% [5] DNA
DNA

DNA
DNA 5mC  
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4. 3. 2 DNA  
DNA 

0.5 μL DNA 20
DNA 4 - 7

 

 

4 - 7 DNA  
 

4 - 7 DNA LOD 0.4 nM = 7.5 μg/mL
DNA DNA

DNA  

DNA
 

 
 
4. 3. 3 DNA  

DNA signal
DNA reference DNA DNA

signal SRR
LOD miRNA  
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4. 3. 1. 1 5hmC  
DNA 5hmC

5hmC 5hmC
DNA 1000 nM F-SA 5 μg/mL B-anti-IgG 10 μg/mL

5mC 0.1 μg/mL 1 μg/mL 10 μg/mL 100 μg/mL 4
DNA

5mC 4 - 8  
 

 
4 - 8 5hmC 5hmC

 (a) 0.1 μg/mL (b) 1 μg/mL (c) 10 μg/mL (d) 100 μg/mL  
 

4 - 8 5hmC SRR 0.1 μg/mL
2.21 1 μg/mL 6.98 10 μg/mL 12.3 100 μg/mL 15.3 5hmC

SRR 5hmC
1000 μg/mL

1/10 100μg/mL

5hmC SRR 100 μg/mL 5hmC
DNA
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20
DNA  
 
 
4. 3. 1. 2 DNA  

DNA 4 - 9
Blocking buffer

 
 

 
4 - 9 DNA  

 
4 - 9 DNA LOD 3.0 nM = 20 μg/mL

DNA
DNA DNA

 

DNA DNA
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4. 4  
DNA

22 1 5mC  DNA
DNA 5mC 5mC

1 μg/mL DNA
20 DNA

DNA DNA LOD
1.2 nM = 8.1 ng/mL DNA

 ng/mL DNA

SEPT9 60 5
5mC  DNA DNA LOD

0.4 nM = 7.5 ng/mL DNA
DNA 5hmC DNA

LOD 3.0 nM = 20 ng/mL LOD
DNA DNA

DNA
Locked nucleic acid; LNA

DNA  
 
 

 
[1] T. Powrozek, P. Krawczyk, T. Kucharczyk, and J. Milanowski, Septin 9 promoter 

region methylation in free circulating DNA—potential role in noninvasive diagnosis 
of lung cancer: preliminary report, Med. Oncol., 2014, 31, 917. 

[2] T. R. Church, M. Wandell, C. Lofton-Day, S. J. Mongin, M. Burger, et al., Prospective 
evaluation of methylated SEPT9 in plasma for detection of asymptomatic colorectal 
cancer, Gut, 2014, 63, 317. 

[3] T. deVos, et al., Circulating Methylated SEPT9 DNA in Plasma Is a Biomarker for 
Colorectal Cancer, Clin. Chem., 2009, 55, 1337–1346. 

[4] H. Arata, H. Komatsu, K. Hosokawa, and M. Maeda, Rapid and sensitive 
microRNA detection with laminar flow-assisted dendritic amplification on 
power-free microfluidic chip, PLoS ONE, 2012, 77, e48329. 

[5] F. Diehl, M. Li, D. Dressman, Y. He, D. Shen, et al., Detection and quantification of 
mutations in the plasma of patients with colorectal tumors, Proc Natl Acad Sci U S 
A,  2005, 102, 16368 –16373. 
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RNA miRNA
DNA

2
0.5 

μL miRNA
miRNA

miRNA
miRNA

miRNA
DNA  

DNA
PDMS  

miRNA
miRNA DNA

6 miRNA limit of detection; LOD
1 pM miRNA

1 miRNA
has-miR-204 2 hsa-miR-211 1

mmu-miR-204 has-miR-204 10 pM
2 10 nM

1 100 pM ~ 10 nM
RNA

mmu-miR-204 4.0 ~ 8.1%
miRNA 2

RNA miRNA 3 miRNA
miRNA miRNA 100 pM

miRNA  10 nM 
miRNA 3

total RNA
miRNA PCR

miR-16, 451, 223
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PCR
cel-miR-39

PCR
totaol RNA

miRNA total RNA
miRNA  

DNA
DNA miRNA

5- 5mC 5mC
22 1 5mC  DNA DNA

5mC 1 μg/mL
DNA 20

DNA DNA
DNA LOD 1.2 nM

= 8.1 ng/mL DNA  ng/mL
DNA

SEPT9
60 5 5mC  DNA

DNA LOD 0.4 nM = 7.5 ng/mL DNA
 

miRNA
total RNA miRNA

DNA miRNA
miRNA miRNA  RNA

miRNA
miRNA

DNA DNA
20 DNA

DNA LOD 1.2 nM 0.4 nM
DNA

DNA 5mC
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29 3  
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Specificity of MicroRNA Detection on a Power-Free Microfluidic Chip 
with Laminar Flow-Assisted Dendritic Amplification 

RNA  
Kazuki HASEGAWA, Rina NEGISHI, Mutsuyoshi MATSUMOTO,  
Masafumi YOHDA, Kazuo HOSOKAWA and Mizuo MAEDA 
Analytical Sciences, 2016 9 5  

 
Detection of Methylated DNA on a Power-Free Microfluidic Chip with 
Laminar Flow-Assisted Dendritic Amplification 

DNA  
Kazuki HASEGAWA, Mutsuyoshi MATSUMOTO, Kazuo HOSOKAWA 
and Mizuo MAEDA 
Analytical Sciences, 32, 603-606 (2016) 

 

 
     

64, No. 5, 319-328 (2015) 
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