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NEW TRIALS FOR EFFICIENT ERYTHROBLAST ISOLATION
FROM MATERNAL BLOOD

Taizan Kamipe', Nagayoshi UmeHARA®, and Haruhiko SAGo?

'Department of Obstetrics and Gynecology, The Jikei University School of Medicine
Center of Maternal-Fetal, Neonatal and Reproductive Medicine, National Center for Child Health and Development

The lectin method is believed to be a practical, noninvasive prenatal test that minimizes the damage to
erythroblasts. In this study, maternal peripheral blood was collected from 39 women at each stage of
pregnancy, and white blood cells were removed using anti—-CD45 antibodies. After lectin treatment, cells were
classified based on the nuclear:cytoplasmic ratio in cell images, and the nucleated erythrocytes were visually
selected from the candidate cells that were automatically detected by Metafer RCDetect. The fetal origin of
the selected erythroblasts was confirmed by detecting the SRY gene by fluorescence in situ hybridization
(FISH) and polymerase chain reaction (PCR). Panning with anti-CD45 antibodies resulted in the stable
removal of leukocytes without aggregation. The positional information of the erythroblasts provided by
Metafer was revealed by laser dissection and the erythroblasts could be easily collected as single cells. Male
chromosomes could be identified by FISH and PCR in seven of seven cases. In addition, the signals of XY
and chromosome 18 (No. 3 spot) as well as XY and chromosome 21 (No. 3 spot) were detected in the
erythroblasts isolated from the mothers who delivered male infants with trisomy 18 and trisomy 21. The
results of the isolation method strongly suggest that it could become a useful test that could improve prenatal
testing.

(Tokyo Jikeikai Medical Journal 2015;130:11-7)
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IRLTW58 NDIEk L D45 N7z RN 56 ml
K0, EBRERENICIIEOAZRMERE BHNS
MIENEE SN, D55 46 @M FISHILIZL D
XYM CThH o722 Z ORI, BN
ICHERMER % [FE T 5P AEIZEETH D, |
PREZ WA B IE R DNA 245 5 % W REME %2 7R
THDTH . BEEFIT/NI W 2 /NBRD R
B OSBRI AR MER EEERIL TS A, N
CF D REIEIRIMERR ORI T 1 ) 2B AR < G
D5 ETHREICKNT 2 Z ENaETHS. L
WL, NOFZUIRNAEYE TH DD H
MHFR =N, BB ESL T L T Z
EIFEEL W,

ZOEOAE, N2F P UREEIZ/RD D May-
Grunwald Giemsa (MGG) HfaZzHW\WT, JBREZ
BT A AR MLER 2w i T, Lo 72>
BRI X DRI ELRTRENMTA DN EMRE L 7.
FH7, RHAHSEO AIER 2 R KRR RS 2
7O LBEE D LE & L THICD45 HifkiT &
5 AMERBREZBML TV, £z HEE{G AT
IZ X 2 EIRMERD [FRE Z il A 7z

I. ¥ &K & 7 &

1. IRIRERS K OERAMERD 5 B

AT E AR E e R AR EIC LD B e
AL TWbD ZENHL TWA I35 4 &R
2L TWS24E MY I—2ZKLTNS
244, FF394 KV EIRERIM 21T > /2. 4 ifid,
EDTA% (TERUMO Corp, Tokyo Japan) % )14
mlTOFEML . 18R YUY I—, 21 FUY I —
DORBZEZHBL THhbd ANEED, £ TOHEIZA
I —L RO METY, MERERE, E
SREEEPE L Y - DMBEREROREE S
Tiro 7=,

LBENEIC X DK BLMFRIE, I b—ARpH
WL 27 F > (Soybean Agglutinin, SBA) % H T
W29, FERTIIRAEEE LT, 1.095 g/ml D
B E AW THEEERNEE T 2%, U
R YEIMIE (FBS) 12 & % FMERBRE 217> TWhiz?.
PREEEROIEICKD, RHMERlK D LEOIRIMmER
2 —HOHMERDBRE TN, FBSULEE 37°C, 30
ST 2 LI D, B ERA /MR Z i e S 8 5.

(=N

SEOHFETIE, AmERkE LD LBRET L0
I, FBSIZ D D HiCDAsHi ks & T « > 2
(Fujikurakasei, Tokyo Japan) %\ 27z, =.NERE,
9 emT 1 > 2 IHINEAY 0.5 ~ 1.5 % 10712725 K D
IZEE, 18C, 307 TCTA>Fax—hLk £
DHEDOITHEIL, LBEIHEE L TLETHRE SN TW
B HETITo 29, LBELERIZ, MBIEARRI
HRERETERD S ONEKEZXTA RATTX
FIZHEEL, MGGHttzfTo /.

2. BRAFAMIXORE

H{RFENT) 7 & TdH % Metafer 4 (MetaSystems,
Altlussheim, Germany) % #fl #3A A 72 AXIO imag-
erZ2 (Carl Zeiss Microscopy , Jena, Germany) 1T &
D, MGG Rt E N7 AR ILERZ B BRI M
L 7. MGG# 1 13, MGJF % (May-Grunwald
Eosin Methylene Blue Solution, Wako, Osaka, Japan)
355, U1IMYU ZIRFRMEHRIC 15y, 255 F A0
WgiC 7 Cfro 7z,
MGGREZEI TS A T4 R T A% AXIOD
HEAT =208, A71 RHTALDTXT
DORIIENE 2 XD ICwEBE LTz, T DK, Metferd
DRCDetect & W% Z & T, HEIMICHKIRIM
BRBEMIMIIE 2B IN L 72, RIS, fR1F L 2mi§E
DR SN OHESEDOF R ZITY, EAHE
Ml & D IEREERICH AR MERD KA Z21T > 72
(Fig. 1, 2).

Fig. 1. RCDetect in Metafer, automatically
selected the candidate erythroblasts.
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3. FISH;&

FISH{L 13, Abbott Laboratories (Abbott Park,
Ilinois, U.S.A) @ 70 b I —)LIZHE> T 7.
FISH 70— 713 GSP Laboratory 8 3 {4701 — 7
[CEN13q (FITC)/18q (TexRed)/21q (R6G), CEN21
(R6G)/Xp (FITC)/Yq (TexRed)] ZH /=, SED
MFETIE, N1 7MY - a %O FmiEE
FIC L 2P TORN 7. AT RHT A%
MRl 2%, BES— M7 —2 RICOE,
Metferd CULIRZ1T 5 & HEIMWICER G DB /=1
BEH"DIENTE.

4. DNAENE

RCDetect T 5 5 N1 7z fiL & 7 — ¥ %, PALM
MBIV (Carl Zeiss Microscopy) Z@tA A&, L —
F— A4 r70%A+t2 > a> (Laser Captured
Microdissection; LCM) 12 & 0 B —#i i@ Z 214X L
7=. #AEIX, Ampdirect Puls (SHIMADZU, Kyoto,
Japan) IZEMYL, 243fH, 4000 Al Tl & 1T >
Jz. PCR{%E 1, SRYY T A < — (forward: 5’
-TCTCTCTGTGCATGGCCTGT-3’
~AACATCTTGGGGCATAGCAC-3’, Life Tchnolo—
gies Corporation, Tokyo, Japan) %1 (1, Bio Taq
(Bioline, London, UK) 7% 0.1 (1, 10 pxl1®[EITL
7R EMIlIQ 5.9 1 NRE, Y —<IL¥A Y
T—ICTHIEZ3 Y1 7 )iTo 7z (94°C 308,
64°C 30%), 72°C 1208)). MEWRMEMZ, NEMED
> hO—)L &L CTGAPDHZ% i), Agilent 2100

reverse: 5’

Fig. 2. The candidate erythroblasts automatically selected (green
frame) and a technician sorted out the morphological
erythroblasts from the candidate cells.

Bioanalyzer @ DNA 1000 kit (Agilent Technologies,
California, USA) T CHERR L 7=.

m. # R

39 N DT & 0 RHA I 2 REL L, P1CD45Fifk
IZ &% HIMEKFRE 21TV, LBEIE Z fiafT L 7.
55 N7 Mild &2 R ta U BT 217> 2. AR
mE2Z2wEENAEZKEONMNBEICEXD,
maldistribution : A, center : B, projection : CIZ 73
U7 (Fig. 3). ARKARIMERE D) 2NERIE, K&
IRENPRTND7D, KBTS ENHETH
5HO0% - Mgk NW) ZHWT, U >Nk
(0.68) & ImHEMIAT (0.23) 2 AR IMER (0.35-0.40)
EAMEICIRGIT B Z &M n[EETH o7z (Table 1).
K7z, ST ALK MR ERENT S 2
EMEOREZITIRD, APF¥SLLETCB &K
7z. A EIOWZE TIE, RCDetectiZ & D N/WA0.3
N5 05T, MAA40 pm*TH D HEKIRMERD
EAMINE 2 5 BRI L, MlEEPRE %
o7z,

Table 21X AHAIL 10 ml & O M H T & 2 F R
BRMIRE R &2 R LT 503, IRIRERDEDTE,
ARG L 72, AEIRIE IR L 7o ek T
1%, 1 mlX%7= 0 500 /LA = OB ARIMER %152
ZEMNTER EIR1SHELIRT DMK TIE, ¥
601l DA K& R M ER Z M T &, LBELIEICHE

A: Maldistribution

B: Center

\ C: Projection

®
®¢
%

Fig. 3. Representative morphologies of erythroblasts classified
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Table 1. Comparison of morphological values between erythroblasts and lymphocytes

(=N

Area (um®) Axis (um)
Cell type whole Nucleus NW Majyor Minor
(Mean) = (SD) (Mean) £ (SD) (Mean) £ (SD) (Mean) £ (SD)
Erytroblasts
Maldisrtibution 38.8 +3.6 13.9 +2.3 0.36 7.2 +0.5 6.4 +0.4
Center 41.7 +7.3 14.5 +3.3 0.35 7.3 +0.7 6.8 +0.7
Projection 41.3 7 16.7 +4.3 0.4 8.2 5.9
Erythrocytes 46.5 +52 -+ - - 8.1 +0.4 7.2 +0.8
Lymphocytes
cytoplasma — 42.7 +10.1 42.7 +10.1 1 7.6 6.9 +0.9
+ 38.8 +5.3 26.3 +6.4 0.68 7 6.5
Plasma cells 717 +10.2 16.8 +7.2 0.23 9.5 +1.2 9.1 +1.0
The values of area and axis concerning 10 to 20 cells were calculated from pixel data of cellular images.
Cytoplasm —/+ indicates the absence/presence of cytoplasm of lymphocytes.
N/W indicates the ratio of nucleus area to whole area.
Table 2. Detection of morphological erythroblasts by using auto image analyzer
Pregnat @ Number of detected Slides prepared
. n
period (wks) Mean Range Mean Range
4~12 3 36 18 ~ 67 1.7 1~2
13 ~ 23 19 287 20 ~ 2,043 2.5 1~5
24 ~ 27 4 261 46 ~ 769 3.3 2~6
28 ~ 38 13 2,168 10 ~ 6,000 4.1 2~6
~ 18 15 60 18 ~ 240 1.9 1~3

The detected number of erythroblasts per 10 mL of blood. The detected number increased in accordance with the advancing stage of

pregnancy.

Table 3. The number of erythroblasts (EB) after LBEI and fetal erythroblasts defined by FISH (per 10 mL blood)

Case Period Gender Drawing blood (ml) No of EB XY (%) SRY (ng/ (L)
1 30W M 6.5 600 124 7.5 -
2 33W M 3.8 57.3 113 43.6 -
3 31W M 7 73 229 39.6 2.79
4 20W F 7 5.9 - - NA
5 20W M 10.5 29 66 24.5 16.26
6 34W M 5.8 9238 2914 31.8 10.84
7 20W M 10 6.4 23 35.9 -
8 34W M 7 44.6 68 18.1 12.63
9 256W M 11 76.9 141 37.1 16.32
10 11W F 7 6.7 - - -
11 17W M 7 24 64 38.3 14.88
12 19W M 6.7 40.7 60 18 -
13 26W M 6.3 7.4 14 29.2 -
14 12W M 6.3 1.8 10 71.4 -
15 28W M 8.3 457.2 791 31.5 8.86
16 30W M 13.5 536.4 117 2.2 -
Symbol “ — " indicates the sample without examination.

SRY: Sex—determining region Y was amplified by PCR.

NA indicates the sample that was not amplified.
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A4 RAZ ZAE ML FTH > 7. 39FEHIH,
FRZRIMER 2 M T E 7o FERNT /s n o 7=,
MRVEHKTH D Z EEMERT 2720, 39IEH
W16 HE B K 0 TS L 7= R M ER IR U FISH i
PPCRiEZETTD /- (Table 3). BIBZMEIRL T
HRHMRZ D5 N7 14IKIE, XP @k, YHE
KRN 70— T #HWTFISHET> 72, 5
WO TR SR O ITARIZLCM LRI L D B—
fMifE 2 45 L, SRY ML ZPCRIETHIET % Z
ETCHREHIE L=, Z D0 BB TRIK,
FISHA & PCRIED W 5 CTHEFE L 7z, = D5 R,
FISHVE %175 = BIRD 14K T X TIZBWNT10
AL EOHRARIMERT, XEY DT T F)L 2R
T & /z. FISH{E ESRYFHE OPCRIELE S 5 %
7o 7= TIEH 4 T T SRY fHI O HENE 2GR 5 17z
2, WREERL TWSRHMRE D& S N2 HEH] 4
TI3, SRY fHIDOEEMREIZ /2 <, LIREHFETE .
FKMETHEN, BREOISRYY I—, 21

probes : 21(green), 18(red), 13(yellow)

Fig.4-1. FISH images of chromosome 18 trisomy

MUY= NADVTNSHRIEKICHL T,
FISHiEZ{T> 72, BE18 NU Y I —DRHMELD
ES5NMIR GERI7) TlE, RCDetectiZ X D 64
HOFRIMERZES ZENTER. FNE14
il & 503V, ENFICTX, Y, 21 k&
13, 18, 21§ fafRiCHdT 2 h 7 7)) T o—T7%H
W, BRELTXEYDI T FINELENZD
1%, 35.7% T, 18FERMAMKDI T FIVNIDHES
N7ZDIFE36.0%THO, 200 FIT—FHL T
7z (Table 4). 4 [EIREAKITH U T > 72 FISHIL
IZBWT, HIEEEHAEN T, 13, 18, 21 ZFHMaL
DT FNEHHT 2 ENTER (Fig 4-1).

fRIE21 MUY 2 =X DESNMIK GER16)
T, 5364 mIEORFREED LN TE L.
FDOE, 2L/BD T FIVINIDEX, YO U
FINDL DT OESNZDILHE, 21FD T
FINMIDEXDT T F I DEENZDIT21
il cd->7% (Fig. 4-2, Table 4).

probes : X(green), Y(red), 21(yellow)

Fig.4-2. FISH images of chromosome 21 trisomy

Table 4. FISH analysis of 21trisomy and 18trisomy

Erythroblast
FISH Probe
XY21Trisomy XX21Disomy Not Detect
95 3812 403
21Trisomy X, Y, 21Probe Nufynber
o 2.2 87.8 9.3
18Trisomy 18Disomy Not Detect
18Trisomy 13, 18, 21Probe Number 18 20 12
% 36 40 24

X/Y/21: cocktail probe to chromosome X, Y, and 21
13/18/21: cocktail probe to chromosome 13, 18, and 21
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v. £

BHE, BRIBICERZ KIFS T, BEEOEWE
REBETZWEOHRAENRERBEENTE .
2 D17 CEIRIEERTZ W D Target CelllZ
FRIBHRDERRIMERTH 5. Z OBEIRIMERZ
W, RRAMAICIFIZEAEFEELRWD, O
FENUDNED SN TN W=DmHNHL <,
FEFERICHZIN TWRWL, —5 T, fHAMm
D R VR cell-free DNA & F W /2, BRVE DRI
BEARAER, BECERISHI N TWAS. L,
cell-free DNA & 13720, HRIRMERIZIBIRE D4
FINEET DD, TOF ) LMERZITCIMO
BIZTREBZ2ZEWMTZENAEETH S, £/
cell-free DNA Z WM&, WENMELTDH
FEMEEIRE TH D720, FFRITHEEZEIC/
09 ZHEEIRINERZ W= &R S hiud
HRENESWEEZ D,

4 EIfT > 72 LBELE DRI RS, 7 EEERIEICK S
BERMERIZDHEAAD I E, HIMERANDY A —
CHBRARRDEL B> TVWE I ETHD. WHEY
ARV AR EFNY A—2I2& D, AMERE DA
MmzEFI&EEZTEBEKkELTOT 7D LD
ACEE N S NS, MY 2 E
COMET, mEEOEEEITS &, AGRIMER
DR ZERD D, I HITNWL DNOHETII,
it OB EA AR MERE, A O g R
BEIREZEINTBD, ZOIETTRI—T R
MEIEREIINDEEZDHY7,

416D DAEFIT, PiCD4sHIEDOMERE — X
R WL ERA D, XY B 3% LA
TThHolz (F—HERREL). T EIER
ZACTHBT S Z EITXD, EEFMERD
M ETWSAEEMENE Z 5 Niz. £lERE—
ZIETIE, MBI L 2P ERE 3> The
AR MLER & HIErd 2 EI G0 8nd 5 ®.

PLEIZ X DR E — X & Wiz 5 Tl R
MERDHEENH L W EHBL 72, R E— XD
DOICHWFICDA TG T « > 213, |
BRMMERIEET T ¢ 2 2B T 5 T EAARET
HOEFLTHo /-

DARiF 213, AREARIMER D 738217 - 72 34 %
B DWW THEZT>TWEY, MFOEHRICK

%

(=N

DERMERZBRIRL THB O, 46 THEIRIMER
BRI EMTERNSZY. £EZOWET,
R 10 ml & 72 D OF AR MERENT, T 4=9)
TIZ 34, #%FETERITETH > =0T
L, & EOFETIE, LBEI%E#ZIT RCDetect 17 &
% HEE G X D 2 TORERI T < DF IR
MmERE/HSE2D ZENTER. £/, 4 EILBEITEIC
£ 0 KEDOH AR IMER 2 15725 5] & 5k U 7273,
INBIFYEEED XD RN IREBOER T
Holz. W DONOHETIZ, FijE G50 R 5
BOMTIR & FERIT,  AT0R & IR 33 2 FEE L <0
TNWLENETY 77 =7 208U VIREIUNE
B TS, BRI O YA IR mERE AN
THEINTND YW, JEIMEIZXL D RHARIER
O EN TR T D7D EEZEZ LN TS D),

AWFFETIE, TBREAAICHERERDFEE 23
5= MGGYtaE{TH 7. LBEIIZXDED SN
FAEBRMERE, RimEke) > NBRED/AE <,
U BRI B AELN, LOWEFD, LM
foE &R & FED. REHNICFE L 722 < DA
FRIMERAS, FISHIEIZBWTX, YHREGEKDT Z T
NWE1DTOHDLIENTER. ZOHEICKD
MR D RMRED Y 2 INER 46, XX) DEHFE
HEMHL TWd EE X 50, FISHIEDRINZR
Z RIFTnas,

FAERE N Y I —REFIZHNTS, FISH
ET3DDL T FINEHRDIENTE, REOR
BARZWNCER T E D alRetEvm I iz, &<
1218 R Y 2 —DERITIE, <DV I—
TFINVEBRT D EMNTER. LBEIEZ W
MGG#3, T E0AKRNEkEZES I &
MAJEET, Z#UE Kurabuchi & 23 L 7= ik 2
FAEE TH > 72", % /2, Puewosunu b ® %
Babochkina 5 ” 13, MGG #4412 & 0 FiER ek %
FE L7/ HECFISHMWRE CHhH > T L& WRE
LT3,

PCRIZ X B f#HTEL, MRV Tld/a < ek
HOREBIZHAMTH D, SEOZETIE, HE
EEIRHTIC X 015 SN F kN 508 > T
%, FISH{k & SRY fEHI D PCRILDM 5 THro 7=,
FINFry 7 THREHKTZZEI2XD,
LBEIIA T 5 N AR IMER DB R TH %
ZEEIHL, BET /L ELUTHATE 2R
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HzERLZ UL, BIfEDOPCRIETIE, [F—
iR L D SRY FHIB O HEIENH 2 X T4 K&
A T4 RDFERFICEREI NS Z ENHD, I 5
LTI TH 5.

LCM & B & EAT DM A S DL EIE, MET—%
ICHEDEHBICH a2 BETE 520, Bk
DIBEEDNAZMICB W THEREN TV S, F
¥, LBEIiAELCM T, H—filakoasy /L%
BEL, DEOMIKNS THMTITE2TY4IL
PCR'? &175 Z & T, IERHEMYHIAE AT 13 7R
BAICHRIET D EZEZ BN 5.

V. #& B3

REARIM & D BB YEA IR I ER &2 BEEd 572912,
FICD4s FUAFE BT 1 2 2 I3 AD Y A —2 %
WS I RReMENH VD, YR GATE & H B
WIZR DR E S FREARMERZ R, EMEIT
FISHIEZITO EMNAIEETH o /2. E£72, D
HEMbIZ X5 LBEIAICEAL T, kL Thp
BTN SR WEES H 55, LBEIEIIMREE
AEORIMERZ W2 IR EMERIEZHICER TS
5 ENUREBEI N,

EEZDF IR (conflict of interest:COI) FAR:
AL OMFENAICEE U TR &2 L
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