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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
was made at 1.2 pm, 1.5 pm, and 1.9 pm. 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 1 pL/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 11 pl/min, 22 pL/min, 33 pL/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-gap
channel was 1.0 pm, the collection rate of NRBCs was 92%. When the micro-gap channel
height was 1.5 pm and 1.9 pum, the collection rate of NRBCs was 75%, 25%. 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 NRBCs was 84% at the flow rate of 11 uL/
min in multiple micro-gap chip. The collection rate was 66% when the flow rate was 22 pL /
min and 60% when the flow rate was 33 pL / min. Removal rates of white blood cells and red
blood cells were 98% and 84% at the flow rate of 11 pL/min. Those were 93% and 99% when
the flow rate was 22 pl/min, and 92% and 94% when the flow rate was 33 pL/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 was 1.0 pym and the flow rate was 1.0 pL/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 of 11 pL/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.
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AFSCIE, B2 O T DNA 2% EEHL T 5 72 OIRE O MR I FET 2 6 LB kO FE%
AR L ERAH AL (Nucleated Red Blood Cell: NRBC) % 1[N 72 [EIBR 2 W C i « I3 2 FIEOBH I
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FHRTHET 52 & T, EEREINE SWIEZEEZHGTND, LovL, MEROHREG & mig s



(IR D 0 0 2 OFEREDRRBE TH o 7o, £ 2 TARSLTIE, BEARE LB v
Tk ELICEMT 572912, NRBC OMERORKE S EEEO LESICERL, Fv 7 EICE
ik U 7= JEBR AT RE e B NETBR 22 WV €0 NRBC O BIRI 22 FlHE - [BIL A 3k Ax 72,

%1 E T, BHAMZ W26 DNA 2oV TF O MEME L RIES, 2 E TOMEICS
WTE L, K XOMEE PRI LT,

F2ETIX, ETNMMKE LT=Y b DIk % vy, Polydimethylsiloxane (PDMS)#ffis &
FAWTHERR L7 Fi g H ORI L W NRBC MR CTX 2008 ) e iR L, £ 72V
A, Wl MEREDBBENRFMEZIR, Z3ET -2 & Lic, ETMROFHHRRDIZ T,
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B3 ETIT, REENSY AT 77 KT > TODMUNERZ B L. NRBC #fifith %1 7 7 7
L E U CRIBR A SR LR M ER 2 I RTRELC L7z, MIFRAY 1.0um OFF, & ~ NRBC |3%h%
AOICHR S AL AR M ER7ZVT T2 < AR badi@ 3 5 2 & 2 W L7z, EBRIC e M RHAMIm A2 vy,
AR O BERE DY VR T y FITEA L, NRBC ORMEFEERZ1T>72& 25, NRBC
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B4 ETIL, EREOV TN EERZ DIGET v T ERFE L, Ty T ~OY T VE A LA
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EC, B A X, FRBENL R L TTF y TN TRbNAMEREEZ TN L2, 1/
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BHETIX, Ty 7oz HEb TE2EEAFE LIz, TAZ Fy 7 A ADLEE THE
IRIENIDAER, AT 77 LO8EE, o7 oE AL EIRASAEMETE | RENHHEHBT
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LUk AGaSCIE, MERD K& & & ETEHIC L0 AR MLERD 0 N B TR R AV IR SR B2 L [
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