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Abstract 

Development of nucleated red blood cells separation method using micro flow channel 
1. Introduction Conventional prenatal fetal DNA diagnosis methods are invasive when fetal cells are recovered, and it 

has a constant risk of miscarriage of the fetuses. For example, amniocentesis has a risk of miscarriage and infection with 

0.2~0.3 % rate. Even though, prenatal fetal diagnosis is implemented 5 million times per year in the world. It should be 

non-invasive to fetus. Recently, the researches for non-invasive prenatal diagnosis using maternal peripheral blood were 

studied. In the maternal peripheral blood, nucleated red blood cells (NRBCs) that have migrated from the fetus exist and 

it is possible to analyze the retained DNA in them. However, the concentration of NRBCs in the maternal blood is very 

rare for example, 1~2 cells/mL, so that the separation of them is very difficult. Takabayashi et.al., reported that NRBCs 

were recovered successfully from the maternal blood by combination of density gradient centrifugation and image 

processing, and have also been successful in gender diagnosis. However, the method took too long time of 20 hours to 

recover the NRBCs and is inefficient for practical use. To overcome this problem, further concentration of NRBCs 

between the density gradient centrifugation and the image processing was effective because it reduces the number of 

blood cells to be searched over. To do this, we focused on the size and hardness of blood cell. Filters and 

chromatography also can separate blood cells, but it is difficult to recover trapped blood cells. Here, we developed 

micro-fluidic chip with separation/concentration and recovery mechanism by applying semiconductor micro-fabrication 

technology. In order to shorten the time for the separation and concentration of NRBCs by chip, we tried to develop 

multiple micro-gap chip. In addition, we develop fully automated processing equipment aiming at improvement of 

reproducibility and convenience. From those, the efficiency for the recovery of NRBCs was improved very much, 

which contributes to realize noninvasive prenatal genetic diagnosis. 

2. Experimental The design of micro-gap chip was done using Adobe Photo Illustrator. Micro-gap chip is fabricated 

by photolithography. The height of the gap of the micro-gap chip  As 

preparation, maternal blood was centrifuged by density gradient. Maternal blood was delivered to the micro-gap chip, 

with the flow rate to the chip of min, and the process time for separation and concentration of 30 minutes. Red 

blood cell, white blood cell count was measured using FACS. In order to speed up nucleated red blood cell separation 

by chip, multiple micro-gap chip was designed with Adobe Photo Illustrator and fabricated using photolithography. The 

number of micro-gap channels was increased 5 times from 90 to 448. Umbilical cord blood diluted 10 times was 

delivered to the chip. Here the flow rate to the chip was 1 /min. PLC (programmable logic 

controller) was used for automation of multiple micro-gap chip, and flow operation and diaphragm operation were 

carried out by air pressure control using an actuator and an air cylinder. 

3. Results and discussion The blood cell can be trapped at the interstitial spaces of the micro-gap chip, and the trapped 

blood cells can be recovered by opening the membrane gap. NRBCs were discovered from the recovered solution. 

When the height of the micro- f NRBCs was 92%. When the micro-gap 

 Removal rates of red blood cells 

and white blood cells were 93% and 98%. The processing time for one specimen was 90 minutes. The collection rate of 

micro-gap chip. The collection rate was 66% when the flow 

  Removal rates of white blood cells and red blood 

cells were 98% and 84% at the fl min. Those were 93% and 9 min, 

and 92% and 9 min, respectively. From these results, the time for automatic image 

processing can be expected to be shortened from 20 hours to 1 hour. Moreover, the number of tests can be increased 

from 1 sample per day to 20 samples per day. By pressure control using PLC, flow operation and membrane control 

were automated. The automation of multiple micro-gap chip was achieved from sample introduction to recovery. 

4. Conclusion The fabricated micro-gap chip was able to trapped NRBCs. When the height of the micro-gap channel 

 min, the collection rate of NRBCs was 92%. Removal rates of red blood cells 

and white blood cells were 93% and 98%, respectively. In the multiple micro-gap chip, the collection rate of NRBCs 

was 84% at flow rate min. Here, the removal rates of red blood cells and white blood cells were 84% and 98%. 

Using this chip, the total throughput of the recovery of NRBCs is expected to be improved by factor 20. The automation 

of micro gap chip operation is also achieved for convenience. From these, it is expected that the developed micro-gap 

chip will greatly contribute to non-invasive prenatal diagnosis. 

 

Keyword: Noninvasive diagnosis, NRBCs, Cell hard and size, Micro- fluidic-chip, Micro gap. 
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Fig.1.(a) (amniocentesis)
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1-4 NIFTY study 
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NIFTY study (National Institute of Health fetal cell study)

19)
NIFTY study

FACS (Fluorescence 

activated cell sorting) MACS (Magnetic-activated cell sorting)

FACS MACS

FACS

(Fig. 2) MACS

(Fig. 3)  

2744 FACS MACS

FISH 13 18
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FACS 13% MACS 

48% 11%
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Fig.3. (Magnetic Activated Cell Sorting : MACS)
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1-5 FDD-MB study 
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Fig.22. (rate zonal density 

gradient centrifugation method)
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Fig. 23.  

(isopycnic centrifugation method)
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2-3  

2-3-1  

 

 

(1) SILICON WAFERS  

(2) SU-8 2002  

(3) SU-8 3010  

(4) SU-8 3035  

(5) SU-8 Developer  

(6) IPA (2-Propanol)  

(7) SILPOT 184 W/C  

(8) CATALYST SILPOT 184  

 

(9)  

 

2-3-2  

 

 

(1) 1H-DX2  

(2) DATAPLATE 722A-1  

(3) Double-view Mask Aligner PEM-800

 

(4) MD 4C  

(5) AJ-0133-010 AS ONE 
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(6) DKN 301  

(7) RIE-10NR SAMCO 

(8) CCD LK-3100 KEYENCE 

(9) VH-6300C KEYENCE 

(10) SMA-20GWUU NB 

 

(11)  

(12) IX70 OLYMPUS 

(13) CCD ADT-33C FLOVEL 

 

2-3-3  

 

 

 

2-3-4 Adobe Photo Illustrator 

 

 

SU-8
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2-3-5  

 

(Table.2, Fig.24)  

(1) SU-8  

(2)  

(3) (2) SU-8  

(4)  

(5) PDMS  

(6) (5) PDMS
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Table.2 Su-8 spin coat. 

 
(1) Spin coat 

 
(7)  2nd Spin coat 

 
Program slope rpm 

 
Program slope rpm 

 
0 5 - 

 
0 5 - 

 
10 5 500 

 
10 5 500 

 
20 10 - 

 
20 10 - 

 
30 30 

1000,1750, 

3000  
30 30 3000 

 
40 10 - 

 
40 10 - 

 
50 end 

 
50 end 

        
(2) Soft bake 

 
(8) Soft bake 

 
 Time Tem. 

 
 Time Tem. 

 
1 1 min 65  

 
1 5 min 65  

 
2 2 min 95  

 
2 20 min 95  

        
(3) Exposure 

 
(9) 2nd Exposure 

  

 
25 sec. 

   
40 sec. 

  
        
(4) Post bake 

 
(10) Post bake 

  

 
 Time Tem. 

 
 Time Tem. 

 
1 1 min 65  

 
1 1 min 65  

 
2 2 min 95  

 
2 5 min 95  

         
(5) Develop and Rince 

  
(11) Develop and Rince 

 

 
 Developer 2-propanol 

 
 Developer 2-propanol 

 
1 1 min.  

 
1 12 min.  

 
2 1~5 sec.  

 
2 1 min.  

 
3  1~5 sec. 

 
3  10 sec. 

 
4  10 sec. 

 
4  10 sec. 
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Fig.24. Fabrication of micro gap chip. 
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2-3-6  

(Table.3, 

Fig.25)  

 

Table.3 Solution sending protocol of chicken blood. 

  

1 10 L  

2 100  

3  

4  

5  

6  

7  

8  

 

Fig.25 Solution sending protocol of chicken blood. 
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2-4  

 

2-4-1  

 

(Table.4, Fig.27, 28) 9.3 

13.2 
29,30)

 

25,26,27,28)
(Fig.26, 28, Table.4)  

Fig.26, 27

4 8.5 

 

 

(Table.5, Fig.29 )
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Fig.26 Staining animal blood cells x230 magnifications. (1) Rat

25)
, (2)  

Camel
25)

, (3) Lama
25)

, (4) Trionychidae
25)

, (5) Amphiuma
25)

, (6) Ray
26)

,(7) 

Carp
26)

. Arrow and marking cells are white blood cells. 

 

(1) (2) (3) 

(4) (5) 

(6) (7) 
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(10) (9) (8) 

(14) (13) 

(11) (12) 
10  

20  

 

 

 

 

 

 

Fig.27 Staining Bird and Human blood cells. (8) Chicken
28)

. White blood cell is 

indicated by an arrow. (9) Sparrow
27)

, (10) Barn swallow
27)

,(11) Human
29)

, (12) 

Human, x230 magnifications
30)

, Arrow marking cell is nucleated red blood cell. 

(13) Human, x230 magnifications
30)

, Arrow marking cell is nucleated red blood 

cell. (14) Human. x230 magnifications
30)

. Arrow marking cell is nucleated red 

blood cell. 

 

20  

10  

(8) (9) (10) 

(11) (12) 

(13) (14) 
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Table.4 Comparison of nucleated red blood cell size. 

    

1 ( ) 7.1  6.6  

2 ( ) 6.9  4.6  

3 ( ) 7.2  3.8  

4  17.7  13.2  

5  56.9  26.3  

6  16.5  12.0  

7  10.6  8.3  

8  10.4  6.9  

9  11.7  6.4  

10  13.1  7.6  

11  11.0  9.8  
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Animals 

Fig.28 Comparison of nucleated red blood cell size. (1) Rat, (2) Camel, (3) Lama, 

(4) Trionychidae, (5) Amphiuma, (6) Ray,(7) Carp, (8) Chicken, (9) Sparrow,(10) 

Barn swallow,(11) Human. 
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Table.5 Comparison of nuclear average size. 

 
   

1  5.1  3.1  

2  3.7  3.0  

3  5.0  2.1  

4  5.6  2.4  

5  5.8  5.5  

 

 

 

 

 

Animal 

Fig.29 Comparison of nuclear size.. (1) Carp, (2) Chicken, (3) Sparrow, 

(4) Barn swallow, (5) Human. 
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2-4-2  

 

(Fig.32, 34)

2

2

(Fig.34)

(Fig.33)  

(Table.6, 7 Fig.30, 31) SU-8

 

2

2

SU-8

DeepR.I.E.

SU-8

2  
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Table.6 SU-8 2002 thickness. 

rpm 1  2  

1000 1.7  1.8  

1500 1.5  - 

1750 1.2  1.3  

3000 0.9  1.1  

 

 

 

 

 
             1000     1500     1750     3000 

/rpm 

Fig.30 Fabricated micro gap height. 

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

1.4 

1.6 

1.8 

2 
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Table.7 SU-8 3035 thickness. 

3000 rpm µm 

1 36.4 

2 41.8 

3 41.5 

4 38.9 

5 50.9 

6 39.8 

7 31.2 

8 32.6 

9 31.5 

10 33.1 

 

 

 
                           3000 

       /rpm 

Fig.31 Fabricated flow channel height of 2
nd

 exposure. 
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Fig.32 Micro gap channel image in photo mask and 3D structure 

after patterning. 
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Fig.33 Micro gap channel supporter. 
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Fig. 34 Alignment mark and 2
nd

 step exposures photo mask.  
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2-4-3  

 

1000

100

4

(Fig. 35)

(Fig. 35)

(Fig. 36)

(Fig. 36)

10µm 11µm

 

(Fig. 35)
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Fig.35 Chicken red blood cells trapped at micro gap channel. (1), (2) Gap height 9 m. (3), (4) 

Gap height 2 m. 
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Fig.36 Chicken red blood cells trapped at micro gap channel. (5), (6) G , 

(8) G  

 



45 

 

2-5  

1000  

2

2

 

 

 



46 

 

3  

 

3-1  
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(3)  

(4)  

(5) FDD-MB

 

 

3-3  

 

3-3-1  

 

 

(1) SILICON WAFERS  

(2) SU-8 2002  

(3) SU-8 3035  

(4) SU-8 Developer  

(5) IPA (2-Propanol)  

(6) SILPOT 184 W/C  

(7) CATALYST SILPOT 184  

(8) FDD-MB  

(9) FDD-MB  

(10) Percoll
TM

GE Heal Health 

(11) May-Grunwald Stain Solution MERCK 

(12) MERCK 

(13) BlockMaster
TM

CE-210 510 JSR corporation 

(14) Lipidure-PMB NOF corporation 
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(15) AGC  

 

3-3-2  

 

 

(1) 1H-DX2  

(2) DATAPLATE 722A-1  

(3) Double-view Mask Aligner PEM-800

 

(4) MD 4C  

(5) AJ-0133-010 AS ONE 

(6) DKN 301  

(7) RIE-10NR SAMCO 

(8) CCD LK-3100 KEYENCE 

(9) VH-6300C KEYENCE 

(10) SMA-20GWUU NB 

 

(11)  

(12) IX70 OLYMPUS 

(13) CCD ADT-33C FLOVEL 

(14) TOMI Multipurpose refrigerated centrifuge EX-135 TOMI 
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3-3-3

 

 

2

(Table.8)

BlockMaster
TM

CE-210 510 Lipidure-PMB 3

Table.9   

 

 

 

Table.8 Chip fabrication protocol. 

1 Si Wafer SU8-3035  

2  

3 PDMS  

4 PDMS  

5 PDMS  

6  
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3-3-4  

 

Adobe photo illustrator 

(Table.10 , Fig.37)  

 

 

 

 

 

 

Table.10 Mechanics of diaphragm pump manipulation. 

 

 

Table.9 Surface treatment protocol. 

1 BMCE-250 510 Lipidure-PMB  

2 12  

3 ( ) 

4  

5 30  

6 100 L/min 5  
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3-3-5  

 

2

 

Table.11 Fig.38  

 

(a) 

 

(b) 

 

Fig.37 Mechanics of diaphragm pump manipulation. (a) Positive 

pressure in air channel. (b) Negative pressure in air channel. 
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Table.11 Micro-gap-chip fabrication protocol. 

(a)  

1 Si wafer SU8-2002  

2  

3 Si wafer SU8-3035  

4  

5 PDMS  

(b) PDMS  

6 Si water SYTOP  

7 PDMS  

(c)  

8 Si water SU8-3035  

9  

10 PDMS  

(d)  

11  
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Fig.38 Micro-gap-chip fabrication protocol. 
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3-3-6  

 

FDD-MB

(Table.12, Fig.39)  

 

 

 

 

Table.12 Percoll density gradient centrifugation protocol. 

1 Percoll 1.085 g/mL 1.095 g/mL  

2 2  

3 1.085 g/mL 1.095 g/mL Percol 1mL  

4 2  

5 20 30 3000 rpm (1750 ×g)  

6 1.085 g/mL 1.095 g/mL  

7 Percoll 20 5 1500 rpm (450 ×g)  

8 Percoll 2  

9  
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Fig.39 Percoll density gradient centrifugation protocol. 
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3-3-7  

 

(Table.13 , Fig.40) 

 

 

 

Table.13 NRBC separation protocol by micro-gap-chip. 

1  

2 5  

3  

4  

5  

6 (6.0 kPa)  

7  

8 20  

9 20  

10 (-6.0kPa)  

11 10  

12  

13 5  

14 20  

15 MillQ  

16  
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Fig. 40 NRBC separation protocol by micro-gap-chip. 
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2-3-8  

 

 

Fig.41 Cell deformation by the NaCl consentration. 

 

 

Fig.42 Cells passing through at micro-gap by cell deformation. 
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3-4  

 

3-4-1  

 

(Fig.43 )

BMCE-250

(Fig.43  )

BMCE-510

(Fig. 44 ) BM

BMCE-250 BMCE-510

BMCE-250

Lipidure-PMB

(Fig.44 )

Lipidure-PMB

Lipidure-PMB

BMCE-510  
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Fig.43 Non specific adsorption of red blood cells. non 

treatment (upside) and BM-CE250 treatment (under side). 

BM-CE 250 
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Fig.44 Non specific adsorption of red blood cells. BM-CE510 treatment 

(upside) and Lipidure-PMB treatment (under side). 
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3-4-2  

 

SEM (Fig.45)

 

 

Fig.45 SEM image of diagram structure and performance. 
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3-4-3  

 

(Fig.46 ) 7 kPa

(Fig,46 ) PDMS

6 kPa

(Fig. 46 )  

(Fig. 47) 40 µm 20 µm 40 µm

60 µm 80 µm 20 µm

(Fig. 47 )

(Fig. 47 )

 

40µm

6 kPa  
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Fig.46 Air pass through of membrane 

 

 

.Fig.47 Membrane breaking at the processing of diaphragm. 
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3-4-4

 

 

Percoll

1.085 g/mL 1.095g/mL

(Fig.48)

1 L

1 1  

10
9

10
6

1000

12µL
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Fig.48 NRBC pre-serapration with density gradient centrifugations. 
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3-4-5

 

 

6 kPa

(Fig49 )

(Fig.49 ) 2

2 1.4µm

Fig.49

Fig.50 a,b

(Fig.50 b)

(Fig.51 )

FACS (Fig.51)

98% 93%

1.0µm

(Fig.50 a)
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92%

75% 25%  

2

7mL 14mL

FDD-MB

1mL 1~2

7 14mL

7 14

10

92%

11mL 10mL

11mL
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Fig.49 Trapped cells at micro-gap (upside) and correcting 

(under side). 
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Fig.50 May-gimsa stained cells image. (a) After 

density-gradient centrifugation, (b) after chip collection. 
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Fig.51 Cell collection rate(a) and RBC(b), WBC(c). 

(a) 

(b) 
(c) 
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3-4-6 FDD-MB

 

 

NRBC

93%

4 0.2 NRBC

20 1 (Table.14)

1 1 1 20

 

  

Table.14 Micro-gap-chip efficiency in non-invasiveness diagnosis. 

 
  

 
WBC  RBC  NRBC  WBC  RBC  NRBC  

7mL 5.3×10
7
 3.3×10

10
 7~14 5.3×10

7
 3.3×10

10
 7~14 

Perdoll 12~30 L 5.3×10
7
 5.3×10

7
 7~14 5.3×10

7
 5.3×10

7
 7~14 

 - - - 1.1×10
5
 3.9×10

6
 6~12 

 4 0.2 

 / h 20 1 

 1 / 1  20  / 1  
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3-4-7  

 

9mg/mL(Fig.52 a)

 

2

18mg/mL(Fig.52 b)

 4

36mg/mL(Fig.52 c)

5

45mg/mL(Fig.52 d, Fig.53)  

 

45mg/mL

45mg/mL 1.0µm

(Fig.54)
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Fig.52 Cell deformation with NaCl concentration. 

 

 

Fig.53 Cell deformation with NaCl 45 mg/mL. 
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Fig.54 Cell solution sending with micro-gap chip. 
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3-5  

 

BMCE-510
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4-3-5  

 

3

(Table.15, Fig.55) 
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Table.15. NRBCs separation protocol with multiple micro-gap-chip using a cord blood. 

1 5  

2 

 

3  

4 (6.0 kPa)  

5  

6 6  

7 6  

8 (-6.0kPa)  

9 10  

10  

11 5  

12 20  

13 MillQ  

14  
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Fig.55 NRBCs separation protocol with multiple micro-gap-chip using a cord blood. 
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4-4  

 

4-4-1  

 

Fig.56 

(Table.16)

6

PDMS PDMS PDMS

PDMS 1 2

75 60

PDMS

 

Table.16 Structure of micro-gap channel 

    

 90 448 5.0  

   1.7  

   7.1  
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Fig.56 Structure of micro-gap chip and multiple micro-gap-chip 
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4-4-2  

 

Fig.57

Fig.58

3  

11 84%

22 66% 33 

60% 11 

(Table.17)

 

1mL 1~2 7 14mL

10

1mL 1 12mL 3

1mL 8

90 16 10

10µL/min

 

60

3 12µL

60µL

1.2µL/min

60 1.2µL/min 11µL/min

84% 3
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30  

 

 

Fig.57 NRBCs collection rate with flow parameter. 
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Fig.58 May-gimsa stained cells image. (a) Cord 

blood, (b) after chip collection. 
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4-4-3  

 

Fig.59

98% 84%

93% 99%

92% 94%

80% 3 1.0 L/min

90% FACS

Table17

3

FACS

3 7

 

 

 

 



89 

 

 

 

Fig.59 RBC and WBC removal rate with flow parameter. 

Table 17. Number of cells in stained samples and missing cells rate. 
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4-4-4

FDD-MB  

 

10

80%

FDD-MB

(Table.18)

 

 

Table.18 Throughput enhancement by the multiple micro-gap-chip . 

 
(4 ) (3 ) 

 
WBC/cells RBC/cells NRBC/cells WBC/cells RBC/cells NRBC/cells 

10 L 4.00×10
3
 3.00×10

6
 12~52 - - - 

Perdoll

12~30 L 
- - - 5.3×10

7
 5.3×10

7
 7~14 

 426 1.50×10
5
 10~44 1.1×10

5
 3.9×10

6
 6~12 

 16  90  

 60 /1  12 /1  
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(6) DKN 301  

(7) RIE-10NR SAMCO 

(8) CCD LK-3100 KEYENCE 

(9) VH-6300C KEYENCE 

(10) SMA-20GWUU NB 

(11)  

(13) CCD ADT-33C FLOVEL 

(14) ACON-PL/P0 IAI 

(15) ACON  24V IAI 

(16) FP0 Panasonic 

(17) FP0 E32T Panasonic 

(18) FP0 A/D Panasonic 

(19) 3 V124 SMC 

(20)  E8F2  

(21)  RCP2 IAI 

(22) KOGANEI 

(23) EPWIN GR Panasonic 

 

5-3-3 PLC  

 

 

 

5-3-4  
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5-3-6  

 

Adobe Illustrator  

 

5-4  

 

5-4-1 PLC  

 

(Fig.60, 61) PLC
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Fig.60 Electronic circuit of plc connection 1. 
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Fig.61 Electronic circuit of plc connection 2. 
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5-4-2  

 

(Table.19, 

Fig.62)

3
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Fig.62 Selection of automatic manipulation points. 

 

Table.19 Automatic manipulation of chip with plc devicies. 
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5-4-3  

 

Fig.63, 64 X4 ON

X5 X6

X7 R11

ON R20 R11
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Fig.63 Ladder diagram program for automation of chip 1. 
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Fig.64 Ladder diagram program for automation of chip 2. 
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5-4-4  

 

PLC (Fig.65)

 

 

 

 

Fig.65 Automatic chip control by air pressure. 
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Fig. 66
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Fig.67

1 2
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Fig.66 Mask patern. 
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Fig.67 Automatic chip control system. 



107 

 

5-5  

 

2

 

 



108 

 

6  

 

FDD-MB Percoll

20

 

 

1.2~2.0 m

1.0~1.85

1.0µm

90% 90%

FDD-MB



109 

 

20 NRBC

 

90 448 5

11 L/min 22 L/min 33 L/min

10

11 L/min 83%

80%

FDD-MB

 

 

FDD-MB



110 

 

 

 

1. Bevis, D.C.A. : The antenatal prediction of hemolytic disease of the 

newborn. Lancet, 1:395-398, 1952 

2. 13

2001. 

3. Kay, M.A., Manno, C.S., Ragni, M.V., et al. : Evidence for gene transfer 

and expression of factor   IX in haemophilia B patients treated with an 

AAV vector. Nat Genet., 24, 257-261, 2000 

4. Cavazzana-Calvo, M., Hascein-Bay, S., de Saint Basile, G., et al. : Gene 

therapy of human severe combined immunodeficiency (SCID) -X1 

disease. Science 288, 669-672, 2000 

5. 59 7 19 : N-224-228, 2007 

6. 53 6 10 : N-108-112, 2001 

7. 53 11 18 : N-395-405, 2001 

8. Hanson, F.W., Tennant, F.R., Zorn, E.M., Samuels, S. : Analysis of 2136 

genetics amniocenteses: experience of a single physician. Am. J. Obstet. 

Gynecol., 152 : 345-352, 1988 

9. Daffos, F., Capella-Pavlovsky, M., Forestier, F. : Fetal blood sampling 

during pregnancy with use of a needle guided by ultrasound : a study of 

606 consecutive cases, Am. J. Obstet. Gynecol., 153 : 655-660, 1988 

10. G. Mari, M. D., For the collaborative group for Doppler assessment : 

Noninvasive Diagnosis by Doppler Ultrasonography of Fetal Anemia 

Due to Maternal Red-Cell Alloimmunization, N.E.J.M., 342 : 9-14, 

2000 



111 

 

11.  : 

, 1998 

12. . : , , 58 : 22-26, 2008 

13. , : , 

33, 130, , 1998 

14.  : http://mikore.net/prenataldiag/taiji_shindan2.htm, 

2009.12.22 

15. .

: http://www.saitaiketu.org/1302.html, 2009.12.22 

16. (JDSN) , 

. http://rg4.rg.med.kyoto-u.ac.jp/JDSN/data/Q-A.html, 

2009.12.22 

17. Schroder. J. J. Med. Gent. 12, 230-242, 1975 

18. Y. M. Dennis Lo, Mark S.C. Tein, Tze K. Lau, Christopher J. Haines, 

Tse N. Leung, Priscilla M.K. Poon, James S. Wainscoat, Philip J. 

Analysis of Fetal DNA in Maternal Plasma and Serum: Implications for 

Am. J. Hum. Genet. 62:768 775, 

1998 

19. Diana W. Bianchi, Joe Leigh Simpson, Laird G. Jackson, Mark I. 

Evans, Sherman Elias, Wolfgang Holzgreve, Lisa M. Sullivan, Felix de 

la Cruz and DM-STAT on behalf of the NICHD Fetal Cell Study 

Prenat. Diagn. 19: 993-997, 1999 

20.  D. W. Bianchi, J. L. Simpson, L. G. Jackson, S. Elias, W. Holzgreve, 

M. I. Evans, K. A. Dukes L. M. Sullivan, K. W. Klinger, F. Z. Bischoff, 



112 

 

S. Hahn, K. L. Johnson, D. Lewis, R. J. Wapner and F. de la Cruz 

Prenat Diagn. 22, 609-615 2002 

21.  

Journal of 

Chromatography A, 1162, 187 192, 2007  

22. Michihiro Kitagawa, Kentaro Sugiura, Hiroko Omi, Yoshiaki Akiyama, 

Kiyoko Kanayama, Masaru Shinya, Tadao Tanaka, Hirobumi Yura, 

Haruhiko Sago,
 

New technique using galactose-specific lectin for 

Prenat Diagn, 22, 17 21, 

2002 

23. Haruo Takabayashi, Soryu Kuwabara, Toshihiko Ukita, Kazumi Ikawa, 

Development of non-invasive fetal 

Prenat Diagn, 15, 74 77, 1995 

24. R.H.BURDON, P.H.van KNIPPENBERG, : :, 

 

25.  ,  , , 

, 57-59, 1994 

26. , , , 137-138, 

1985 

27. Chandler B. Andrews, Stuart A. Mackenzie and T. Ryan Gregory., 

Proc. R. Soc. B, 276: 55 61, 2009 

28. G.N. Isitor, Z. Asgarali, K. Pouching., Research in Veterinary Science 

85; 418 432, 2008  

29. Sukumar Ponnusamy, Huoming Zhang, Priya Kadam, Qingsong Lin, 

Teck Kwang Lim, et.al., JOURNAL OF PROTEOMICS, 75; 5762 5773, 

2012   



113 

 

30. Benie T. Constantino, et. al., LABORATORY MEDICINE NUMBER 4, 

31; 223-229, 2000 



114 

 

 

 

FDD MB

 

 

 

 

 



115 

 

 

(1) Takeshi Kumo, Yuichi Tomizawa, Mikiko Kita, Haruo takabayashi, 

Yuzuru Takamura, "Concentration and extraction chip of fetal nucleated red 

blood cells (NRBCs) by micro gap with diaphragm for fetal diagnosis from 

maternal blood", Microsystem Technologies, Accepted,2017, online 

published, 2017, doi:10.1007/s00542-017-3309-9.  

 

 

(1)Takeshi Kumo, Yuichi Tomizawa, Mikiko Kita, Haruo takabayashi, 

Eichi Tamiya, Yuzuru Takamura, Proc. of Micro Tatal Analysis System 

2010, pp.1583-1585, 2010. 

 

 

(1) Takeshi Kumo, Yuichi Tomizawa, Mikiko Kita, Haruo takabayashi,  

Eichi Tamiya, Yuzuru Takamura,The 14th International Conference on 

Miniaturized Systems for Chemistry and Life Sciences ( -TAS2010), 

2010,10,03. 

(2) Yuichi Tomizawa, Takeshi Kumo, Mikiko Kita, Haruo takabayashi,  

Eichi Tamiya, Yuzuru TakamuraThe Japan Advanced Institute of Science 

and Technology (JAIST) and the California NanoSystems Institute (CNSI), 

2010,01,18. 

(3) Takeshi Kumo, Yuichi Tomizawa, Mikiko Kita, Haruo takabayashi,  

Eichi Tamiya, Yuzuru Takamura, International Symposium on 

Mathematical Morphology 2009 (ISMM2009) & Nano Technology 2009 

(NT2009), 2009,11,07. 

 

 



116 

 

 

 

(1) , ,  , , , 

, 23    , 2011, 

11,18 

(2) , ,  , , , 

, 2010 71 ( ), 

2010, 09,14-17 

(3) , ,  , , , 

, 2010 57 ( ), 

2010, 03,17-19 

(4) , , ,  , , 

, 13 , 2010, 02,20 

(5) , ,  , , , 

, 20 , 2010, 06,10-11 

 

 

(1) 5311356 (2013), US2012-030-1867-a-1, WO2011-027832-a-1,  

,  ,   

" ". 

 


