Korean Journal of Obstetrics and Gynecology
Vol 48 No. 5 May 2005

Comparison of anti—gamma hemoglobin antibody and CD71
antibodies in i1solation of fetal nucleated erythrocytes
from maternal blood

Kyoung Jin Lee, M.D., Sook Hwan Lee, M.D., Yoon Jung Lee, M.D., Hee Jin Park, M.D.,
Hye Sun Jun, M.D., Joo Yeon Cho, M.D., Chang Jo Chung, M.D., Yong Won Park, M.D.:x,
Sei Kwang Kim, M.D.*, Jae Wook Kim, M.D.*, Dong Hyun Cha, M.D.

Department of Obstetrics and Gynecology, CHA Hospital, Pochon CHA University,
College of Medicine, Seoul, Korea,
*Department of Obstetrics and Gynecology, Yonsei University, College of Medicine, Seoul, Korea

Objective: In an atempt to further maximize the potential of genetic analysis from fetal cells isolation, fetd nucleated red blood cell
(FNRBC) recovery with direct anti-gamma hemoglobin staining after density gradient and depletion was compared with three different
whole blood magnetic separations (1-step and 2-step ferrofluid, 2-step Dyna beads).

Methods: In mode systems such as quantitetively defined spikes of fetal into adult blood, as well as blood samples after surgica termination
procedures, fetal cell yield and purity through the results of fluorescence in situ hybridization (FISH), quantitative real time polymerase
chain reaction (PCR), and fluorescence-activated cell sorting (FACS) were calculated.

Results: The yield of total number of cells with a XY signa after FISH was the highest on direct anti-gamma hemoglobin staining. After
normalizing the results of each experiment to the corresponding result from anti-gamma hemoglobin staining (1), ratio is 0.42 in 1-step
ferrofluid, 0.33 in 2-step ferrofluid, and 0.76 in 2-step dynd beads. The feta cell purity is clearly better in direct anti-gamma hemoglobin
staining than those of the magnetic separations from whole blood. The median ratio is 56.3% in anti-gamma hemoglobin staining, 7.7%
in 1-step ferrofluid, 6.5% in 2-step ferrofluid, and 31.4% in 2-step dynal beads.

Conclusion: This study shows that the direct anti-gamma staining is the best fetal cell recovery system and it is very useful to isolate fetal
nucleated red blood cells as a non-invasive genetic source.
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o] #hlel uide] Hef gheh? ™ mA P el &

E2 oA ok F, Elol FEAE T ol &
olbr] o] il ogk @ XL wiAlE 4= Qlar, Efjole]
FAARE B I3kl glaL, WE T A EET o] 9
AbnLe] Follo A M 7] wiZott.

FHAET FelE f8 7P E8] AR o] W
° W% WS (density gradient)E o]-&3+ Eay’
71 EAdst A2 B2l (magnetic—activated cell
sorting; MACS)," 12]ar &% 243} A% By
(fluorescence—activated cell sorting; FACS) %'
ojth, A&k Wt E o]gate] o] gl AlEE (non—
nucleated cells)Z} 87 (plasma)s= A|Askal, 7k
gl Z9] o] 9= MEE (nucleated cells) S IS 4
2ATE MACSE E3ll CD14,15 Z18]at 459} 312 Mg+t
o EAek= 5] FAE o]&ste] MAFE AAL
2JaL (depletion method), CD713} Z&-2 A5 0] 83
of FAHETE e 5 AUt (positive selection).
ghH, 249 Blo} A E T AR A AR
= "o} slEZER1e] 7k ARl (gamma chain) ¢!
21 77 o] % gjo} AdFte] Al o] FE ],
o|Zlof| thgk A7} Bfjo} A AT Aol A4
AtE = 3S o]83le] FACS WHs A8 4

t}” CD712 Ejo} f-3H P12 E5Hsh tf o] efo}
|
21

o)
A

s
A AzelM dAET, Azl gl EAste=
MACSE o83 4= 9lar, Fhiss] wus Agsine

FHAET 22 E sl 7P Bol ol8-H= @A/,

2717 ¥1= A7 (magnetic bead system)ol ule} &
A oheFek W Ee] EASHY =, nanometer—scale
colloidal ferrofluidsell 713+ W3} micrometer—
scale paramagnetic beadsol] £A38H B Slto] 9lr},
Zeuy, @A CD71 FAIE 5 7P E2 S

317, =2 CD71EAEY v} R ==R] g4
0|83k W Fol|lA] oj= Wio] Y W FH g
E A4S 5 A e A HF gk

olof & A= Hol A TE sk YHE
Z g AE S0 o HollA 7P 2 W S g
A7F FOR17EE Loty E)A, BlotAl el f4o]
2R S7FE Ao dHl IAl TV A 5k 5
NHE ZA N7 A A2} (cordocentesis) 52 W
NS 58] A8 glo} S A o A9 nuls
el = &7tul FRZEn Ao gl o))
229 glo} f-aH g9} Al 7119 o2 271 e
P (19 & 297 ferrofluid, 2947 Dynal beads)
of o&l ¥ Hlo} A 1S He] AESS}F o= W
of A wln, F-2s}Ach

R

1. A i+

35410014 454 Atololu], iatal olg B B He)

Blobe] oo QIs) QA 1279} 217 Alolol Gl 5

42 YT Ao BrPNS QNFA AF EDTAZ
],

o [e) [e)
o 9 5ol

-
—_

a1, o]k WS B3l 42 glol o 0.15 mLel A

J 5 mLE 41014 o833
t} (spike experiment). BE A= Y GAAE o] &
g HE S AR 98l Eelkl A5t e R
ST o2 4ColA Bsilar, AF & 2—-244]3F
ool Agel ARSIt B AAES 5N 45
ate] Zhz; Aol o] g-saltt (Fig. 1).
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15 mL female adult blood, spiked with

TS Eeleh=t o &

Agdpl e kSl

A2} CD71 FAIES] vl

0.15 mL male fetal blood

Miltenyi Dynal Beads
Ferrofluid
5 hr 5 hr
v v

1/4
v
Percoll 73% Immunicon
Ferrofluid
1/2 1/2
& 5 hr
v
HbF Freeze
FACS PCR
FISH
FISH or Freeze
FISH after PCR
FACS

FISH or Freeze FISH or Freeze
FISH after PCR FISH after PCR
FACS FACS

Fig. 1. Spike experimental scheme.

2.
1) &) s2=29 98 (anti—gamma hemoglobin
positive) AlE2] #g]

(1) &znt 3=

gl M ¥EE 73% Percoll £ (Amersham,
Piscataway, NJ, USA)S ARg-sto] &z oo 2 HE
w2 E Ak g A= phosphate buffered saline/
ethylenediaminetetraacetic acid (PBS/EDTA)= 3t
W =A|kaL, PBS/bovine serum albumin (BSA)/
EDTA® 1:3 H]&= 3]41¢F 5 73% Percoll €92 9]
2 Aol &E A8 A7 ©o]F 400 gollA
2087 o 1_E.a sk :5? }x]—.z_oﬂ S ;(1]74 o}-_TL 1‘)r6ﬂ}\—ﬂ_l_ %_
S A}t 1 & CD15/45 magnetic beads (Dynal
Biotech, Oslo, Norway)E& *]g]dFo] MACSe] 23]
CD15/45 A AlEE A AL Eeld AI¥XE= 1 mL
©] PBS/0.5% BSA® #ERs}aL 37CollA] 1411F 52t 5%
EEEHEI =R IAAIZ & ) S| RE 2N A

A aAelel ] 4T Felz Basigith. Tl Al

EEERIEE

= 37 CoAA 1AIZE B9t 5% EEdds| =2 A
S Aol A 587 100% mlekeel] *2lstar 7l A
o gt phycoerythrin (PE)—cojugated antibody
(Cortex Biochem, San Leandro, CA, USA)E °]-83
o] Caltag Fix & Perm kit Solution Bl *&]35}]
th 7 W FAEL, 1% L8 =9 0.2 ug/ml
Hoechst 333425 ¥3}3l PBS=E HAEA|A, £4 A7t
A 4CoAA BT

ro Y P’l

(2) FACS

FACSE &ztv} S| Ra2nl &4 94 F 244
ojufell Aladstglct. 7t sl Ra =R A3 73
o] 2]+ Beckton—Dickinson Vantage flow
cytometer/cell sorter with dual, displaced—beam
laser excitation (Coherent, Palo Alto, CA, USA)E
o]-g-a}od ’\]33’5‘}‘”‘3} bt 3 AxE A4S 9
3 AeNs}lar, DNA—specific Hoechst fluorescence
£ &3] rrrb‘}‘iiﬁ}. Flow cytometry®ll €]3F 412
DNA—specific Hoechst fluorescence®l 23l Hoechst

of fAle] |, =, & zkal = AEELS gateE T

R | Q==

)
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HAIZL Foll, vl SRz Aol 93] FAlo]
B AEES GITh AEE st 24 dnjd &
#}o]= (Fisher, Pittsburgh, PA, USA) $jol =H]3}

3 fluorescence in situ hybridization (FISH)Z *]3}

sk
2) CD71+ AlxZe] i

(1) 197 ferrofluid 2717 ¥+
magnetic procedure)
gl AAE ICD71 A (gift from Immunicon
Corporation, Huntingdon Valley, PA, USA)el #
A 7] BoF 4T A 1A1ZE B¢t ferrofluidel] BlF
SFAtt wl%YF = LS ¥ (column)(MACS, Miltenyi
Biotech, Auburn, CA, USA)°] 5 mL/mmJ TR
Eﬂr/\]fﬁ“:‘r PBS/EDTA/BSAZ AAstal H5E5 A7

—r A‘“ig ‘1"]:_]“1] OH

(1—step ferrofluid

(2) 2¥A ferrofluid AH71 % =¥
ferrofluid magnetic procedure)
gl AAE 4CelA 127 <t biotinylated ¢
CD71 AL o]-&ste] wiFal3ith. PBS/EDTA/BSAE
3zt A|HE}aL stereptavidin ferrofluidE  ©]-&3F]
4CoA] 1A17F 591 Hjakalsitt. o] % MACS 952 %
ste] CD71+ HIEE 253k

(2—step

(3) 294 Dynal beads 2717 W
beads magnetic procedure)

g AAE 4CollA 1A17F &2t biotinylated &
CD71 A& ol-&ake] ujat3itt. PBS/EDTA/BSA
2 3xkd AlAska, DNA A2} (linker)oll 23]
streptavidin® 9= o] U= paramagnetic Dynal
beads (Dynal Biotech, Oslo, Norawy)Z ©]-&3}o]
4CollA 3A7F Bt wigsiaitt. o]% 443+ Dynal
magnetS 083l CD71+ A|XE Eg]3la, tha] H]
st AZE Esl7] 8l DNA HEARE #2lsk3ic)

(2—step Dynal

3) Fluorescence in Situ Hybridization (FISH)

FISH+= o del 7ls=Hojxl Wil kel A|sgs)
ATEY X AAA ol digk @34 (probe)$) DXZ13
Y @AAC i ARl PHY10°] nick A
(translation)®l] 9]3l cyanin3—AP3—deoxyuridine
triphosphate (red) (Amersham, Piscataway, NJ,
USA)¢}  fluorescen—12—deoxyuridine triphosphate
(green) (Boeringer Mannheim, Indianapolis, IN,
USA)E o] gste] 717; 4% (label) E[oJ %It o,
Genzyme Genetics (Framingham, MA, USA)ell4] |
& =% DNAE ol&slelth. 94 A= 4 2
H7dE o]gate] TSIt

4) AAZ FEFH FFELAANTES (real time
quantitative polymerase chain reaction; PCR)

e dsd AAES dlsE $ 11,500 gollA] 10+

¢t LA 28t %HT Hli%% AT 400 wl

° i

o] AZ- Mol 4] DNA F=of o] 8% =d|, ol A=A}
7} A 218k 9} (protocol) S ©]-8351e] QlAamp® Blood

Mini Kit (QIAgen Inc, Alameda, CA, USA)E %3
Atk zF AAlolA & 50 We] DNAS Aok
7} 7] o} DNA] 5%+ Perkin—Elmer Applied
Biosystems 7,700 Sequence Detector (Applied
Biosystem, Foster City, CA, USA)Z o]&3}o] 24|
ZF PCR 7IH& &3to] A=A 2F AA= 3314
A E00) Y G419 DYST sequence”} B4 DNA
o] A& % A™sel AREHATE DYS1 primers
(forward: DYS1—F: 5'=TCCTGCTTATCCAAATTCAC
CAT-3’, reverse: DYS1—R: 5'~ACTTCCCTCTGACA
TTACCTGATAATTG-3)= Y 944 55 971 A4
p49acll A SN YE® DYS1 primerset BHA= 4
Flo]l Ak} MElslle " o] WS AR T, 11
4 PCRAIA AHEHE & 5% 237 Hsto
double—labeled & B2} F7F= 3t} &3 DYS1
A} (5'-FAM—AAGTCGCCACTGGATATCAGTTCC

CTTGT—-TAMRA-3")+= 59 reporter dye (6—
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carboxyfluorescein, FAM) ¢} 3'9] quencher dye (6—
carboxytetramethylrhodamine) 7} Z3t=]o] ¢t} Tagq
a4 (polymerase)oll 2J3ll PCR €7 % reporter
dyex BFRIZ}} quencher dyeZ4H-E Ea]¥ 1, A
S = 518 nmol|A] 3 ito] S7tsIitt. & ik
< DNA T3 34 Foll AEA o7 SHHIJAL, o]
Applied Biosytems Sequence Detection System
software, version 1.6.32 ©o]-&3}o] FAsFE 7|=F
Ack PCR 5% 342 BA @Fonie =95 1
°] DNAE 233 50 weol HAZ A=Ak vhe &
2 AEE2L 100 nM9] DYSI primers, 50 nM2] DYS1
2x4b Z42F 200 mMe] dATP, dCTP, dGTPS} 400
mMe] dUTPE ¥33l 20 w9l Universal MasterMix
(Applied Biosystem, Foster City, CA, USA), 5.0
mM2] MgCle, 8% glycerol, ~12]a7 1X Tagman Buffer
AR FAE] k. A3 2% F7]3= 500CoA] 2%
ZF wieFstar, 31 WA (denaturation) Aloll 95Coef A
1087 AglstaL, o] 95CellA 1533 Z18]aL 60T
ol 17F A sk HA--S 403] BHE Akl
Z} Aol DNAZF EAgth= A& gRlstr] ¢4l
G =d AP o2 beta—globin A}l o gk
GRS AREE AR A PCRo] 7+ A A
sl AldE et AbEE Aate] ©9lE genomic
equivalents per mililiter (GE/mL)= #gsl7] €3l
ek Q424 6.6 pg DNA/cello] ©]-8-% 3T}

o
o

rr

5) A AR Y
7} GASe HoldE Fel Fee Avsow wu
o
=

371 SlsiAl 3714 s Al

(1) B4 Ho} AT 4 2% (yield)

o1& FISHE BshA AT 941 F710] 9141
F0E 3 3709 B 59 AREe] thgel B3
a1, ARRL] ARNE Hot A 571 v Bom

2, mpA e gAle A dojxl AE T dFEo® FISH
2% (signal) & Al $of] YA] 8N 3}

akste] A o} A|aEe] 425 AkESRSIth o E
7t S| RS =N AL, CD71 AAE AHE-g
doizl FHFAkEo] 5 mLebd, ¢F 0.1 mLE 7ML
FISHE Aldstal 21&8 AFe S 50015 H8hs

oz Pk

-

(2) ANZF A=A PCR

HBE AZo] glop¥EE Y—specific ALES 2t 9
on g HFAHEE o] MES AL Y= Alxe] & A
AZE g% PCR=E 453tk 9lal S 2409 34]
o] Al HAAsHAT

xg M

(3) Flow—sorted HbF A M| Fhdle] Ejolr|aE

=% AXY (purity)

It FRZ=R A9} CD71HAE o] 838 ¥
RE HFE S AAR e @2 BjobAEr}
A= HE Alvtelr] f18l, AlSAdE 5419 3¢
o] A& 7HA L Al &5kl th FACSOA BfobA
2 A7ZtE= F (window)oll EAlskE HA M2 <
21A) YA FISH signalZ z2ral 9+ BjolA|E o] H]E-
(purity) & Alkkste] BluLslgit. o]
AHES i) Sl 2 ER A2 GAEE
253ttt

2 3

1) AA gopAlze] 4= (vield)

FISH Ale) $ XY Al&5 Holi= A AL 4= (yield)
= vt dlRE=Rl el o9k el T =%k
o} &3k A7) 2] WHE ol dynal beads
off o3t ejo} AlZ9] FFo] te WHEY o =%
(Table 1).
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Table 1. Comparison of fetal cell yields with anti-gamma hemoglobin staining and whole blood magnetic isolation
procedures

Anti-gamma hemoglobin staining 1-step ferrofluid 2-step ferrofluid 2-step Dynal beads
PTB 70 28 65 65
PTB 247 101 21 77
PTB 43 9 11 40
Spike 25,000 19,000 7,000 22,000
Spike 44,000 24,800 9,500 42,000
Spike 6,400 1,828 1,751 5,460
Spike 954 475 493 889
Spike 3,956 922 454 1,175
Ratio* 1 0.42 0.33 0.76

PTB: post-termination blood samples

Spike: 1 to 100 mixtures of male fetal blood (12-18 wk) into female adult blood
The total number of fetal cells were determined by XY-FISH.

Absolute fetal cell yields are shown for each experiment.

*: Ratio was calculated after normalizing the results of each experiment to the corresponding result from anti-gamma
hemoglobin staining.

Table 2. Comparison of fetal cell yields determined by Y-specific quantitative PCR

Anti-gamma hemoglobin staining 1-step ferrofluid 2-step ferrofluid 2-step Dynal beads
PTB 13 21 22 35
PTB 10 18 21 7
Spike 98 357 42 423
Spike 745 1,370 1,421 2,113
Spike 879 2,331 2,013 4,489
Ratio* 1 231 1.68 2.52

PTB: post-termination blood samples

Spike: 1 to 100 mixtures of male feta blood (12-18 wk) into female adult blood

x. Ratio was calculated after normalizing the results of each experiment to the corresponding result from anti-gamma
hemoglobin staining.

The unit of the fetal cell yields was used for expression of results as genomic equivalents per milliliter (GE/mL)

2) ARt A= PCRON 213k BlopAll 2] &= ARk of Fr ATt Wk ofue} BE FEle] Hlo} A2 =
Y—5o]4 A4 (Y—specific quantitative) PCRS AE = Qo) vl FlEFEN gAe] AelE W
ol-gsto] Bjo} Al 5 S7g3I%l=t, o] A5ol= H W3t (density gradient)E Al3eF3aL, HwA] 217



°]73x1 2] 1091 ki dodle =iy elol A dTE elshztl lo] &xiv sla=rl Ao CD71 A5 ¥l

2 w2l HES 18 (whole blood)S AH&-8151=H, ¥ 2= 54317 980 flow cytometry profilesS
A= A AEe AREEE A7) e] W EClA o ARESEA=T], 297 ferrofluid XMool €3 ol
-2 Ejo} M7} AFEEITE (Table 2). A e 4ol HbF+DNA+ M FE7} R3S Hol+

1 Yt} (Fig. 2). Flow cytometry profilesES A&

3) flow—sorted HbF 94 AIE ek e ejo} AIE 45 3}04 errofluid *Hol 98l 2% HbF+DNA+ A&
= H|al (purity) FISH A& & &% dv)doz s 2 oy

BE AEF AlBY AEES vt s 1l A HEZ7} obd FgHA (aggregates) US & 5= 9L
Al Aol ATt Hoechstell f4o] & AlxE o} (Fig. 3C). 2 AgAE thi- HbF+ 37 A+
DNA+, &7tn} g ZZHl o] JMo] | A xS (reticulocyte)©} HDF—DNA+ %4 A2 A E o] 9l
HbF+2 FAISITE o} AlEe] % HbF+ t}. Flow sorteri= A% 17]9] HbF+ A<}t 17]<]
DNA+Q] A3 FollA] FISHS] A}, Y-5o| §3A= DNA+ AI2E 2313k A3A1E @ HbF+DNA+ Al
ZE51 ol AlEe] ME-ERE ARXteIgich oAl g A = dA Hjo} §3 HAFE AAsHA Hr) o]2ldt {
3, v} AR Al oA Bok Al A Al Apte) SRR QA ofF Wil A
T} 247 A %g] o) o3t Ay Rt Y538 =9} o] Holx| ¢kl (Fig. 3A), Dynal beads WA= =
27174 w2l WHE $ol41= Dynal 2—stepol| oJg 2 A sl des & AT} (Fig. 3B).
37} 744 E9kt} (Table 3). YollA AFH o} Al

e
%

EI

El
Q
P
HU
T
ME mn
rﬂ m

Table 3. Comparison of fetal cell purity in flow-sorted HbF+ fractions, following anti-gamma hemoglobin staining and
whole blood magnetic separation+

Anti-gamma hemoglobin staining (%) 1-step ferrofluid (%) 2-step ferrofluid (%) 2-step Dyanl beads (%)

PTB 45 20 3 16
PTB 33 2.9 8.2 64
PTB 38 34 2.8 70
PTB 83 NA 19 25
PTB 74 5.2 38 7
Spike 2 55 12 6.4
Spike 83 NA 55 NA
Spike 92 9.2 8.22 NA
Median (%) 56.3 7.7 6.5 314

PTB: post-termination blood samples

Spike: 1 to 100 mixtures of male feta blood (12-18 wk) into female adult blood

Purity (%): the number of fetal cells determined by XY-FISH divided into the total number of flow sorted HbF+ fractions
NA: not available
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nucleated cells

1P

=1

P73

o : E

g .

~— . 10 [T 10

LL E

! -

ol

L : Whole
Blood

DNA (blue)

green

Fig. 2. Flow cytometry profiles for sorting.

Left column: Two-parameter profiles of DNA (abscissa)
versus HbF level (ordinate). Region 1 depicts the gate for
selection of intact nucleated cells.

Right columns. Two parameter profiles of auto fluorescence
versus HbF level. It is profiles after gating for intact
nucleated cells. Region 2 depicts the window for sorting
HbF+ cells. Upper row shows the cells recovered with anti-
gamma hemoglobin staining and lower row shows the cells
recovered by 2-step ferrofluid.

i #

A o g AN ol gl A AT PHE F A
E A PHES G A, SR g AEY,
Te)3 Bfo} AR A2 S WA PO 4
A4 Bok 4 3 A, wok bS] AL ok
TRz A3t eoh Al wjogel Alzte] e grhs wl
o] itk olefst o] follA] st Hekeh] v

| AL el 7oA grord, A
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=
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=
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o
1
> o
N
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O
5
Hom
o
Hp O@ 2

!
—
o
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o
—
=
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b
Mo orlr

) = ds AAE 9
o7 e, o ARE A s5Eo] "ojx] FACS T
= MACSSE 22 §7b 7440 L eskA drk FACS:E
FE5Eo] or Held A

=2 AlE)
A R N =
o o188 5 QA 3 Fi= gHel Yovk, Fult 3t

o
k]
!
SR
)
ro,
rO
)
> Mo
e,
B
o o
kl
=
g
=
—
L)
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o
[o

ol .

AT "ol AE B B9 4 24 s9s
Fehskselr] flsto], 7HE £ wol 3 HdT Lo
e 3] flal kAT o]& fisf Ejol Foflo]
A ddor 2% FAHE FEA A A5 25"
EA At o A 239l o4 defjell gk Elol &
Ne Y TH AFH 2EdS o]gsH HAH:

density gradientel] ¢Jgt Elfjo} -8 AYF A4S W

2&}7] Y3 Ao A CD71+ AEE FalslaAl A

3t o) AL Bl =R Ao o

¥} wlasked, of = whHol i g2 Eljo} Al
S|

7 & A

1y

A
[e]
sl 4 Pk slmIEn PAS 7w

= -1
Syt ot 9 4P vhh HEE 2 5 9
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01771 9] 1091, QAFY- Fo e el Fa2 @S elsh=t) 2lo] %

25 A2} CD71 A=) v

10} ol

|t ﬂ‘jﬂx} (1dent1f1er) 7)
< o] &% W o B o} AlxE &

W

il

AR A= HbF 25 42
Y5 s v A= ofAxIth aea
CD71 &A%l 4+ Dynal beadZ ©]83
g2 19 ferrofluidyt 294 ferroflui

8o
o

Fig. 3. FISH reaults after fetd cdl isolation with CD 71
antibodies and anti-gamma hemoglobin antibody.

A. Direct anti-gamma hemoglobin antibody.

B. Dyna bead whole blood magnetic separation.

C. 1 and 2 sep ferrofluid whole blood magnetic separation.
They show the cell aggregation of non-nucleated F+ cdlls with
nucleated non-F+ cells.

yelow colored cell: non-nucleated F+ cedll (yellow arrow)
blue colored cel: nuclested non-F+ cel (blue arrow)

yellow and blue colored cdll: nucleated F+ cdl (green arrow;
target cdl)

we oo bop A og% % 19ieh (Table 1),
» Nae 7 ol

AE 58 S (Table 2. ol ARl aao} *
]_

N ,—zw .

o) slmzEn Atk 48 A A7) el 3

ol oJgt Hok AL A 571 o Bk ol A8

AR A1 e el fstel Fele Bl ALE 3
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v {85 AD (non—erythroid) CD71+ A7} B2

s AAskaL lvhs AMEES Hojeth

ofF & HelA B2 —?J o CD71+ Al

E25E o} v?‘“ A= a}7] 913l HbF+ flow
sortingS A 3y3FT). :Lﬂi A AE 2¥EE 2}
71 e eA o m5S o Al 1
ferrofluid ¥HellA =7}t 7P =34+, o=
Al 3 AEEe} efo} W A E T Aol o] At wiE¢lo]

deixict. =, HPA A4 (aggregates phenomenon)
& B39 HbF+DNA+ Al Fek Wol] B4 A7} o}
F odd Bow At ¢ Q& Zolth o] &9
Dynal beads ®Rie] H&A a3= = 4= aL, =3
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= FEEE =

EA: Al 714 CD71 A (1-step from Immunicon and 2-step ferrofluid from Miltenyi, 2-step Dynd beads from Dynd) <} &+
v} SRZEH GAE o]gsle] el o} f8 AETE 74 N (vidd) ) = (purity)oll A B, A5
Blo} 73 A5 el vl A FAE Mesh= Zlolth

AT W glold S A1) Hdlof| spikedt MEH A4S TAAIZ] BA NS MER dto] gt & 7l SR
=23 ?‘z}iﬂ&} Al 7FA COTIEAIE o]-g3te] Hjol f3] APFE w3t & ASH, AR 44 Satddnts, 18
3l FACS ¥ ASH A= 44 /gy o5ollA vla, 249810k

A} 3 7} FEFER A 7HX) 3 FACSE 25 (sorting) 8+ &S]zl -Q—E‘rOlEQ} 37HA] v CD71 A1 E o]-8-3}
o] dojxl MZS wuslo] Pojy LElo| =2 XY AE (dgnd)oll 2A8ke] ASHE 3 A3} 3 v} gma=w 847}
Efjo} X@%‘ﬂ 7V 32 A (vidd)S YERAQITE Ay AZA = Y-50] BRIAE 7R aL, AR A Ftkas
AAFS-S ST, MACSE: S5k 2w D71 &A17) 713 Ad-<fol] oh2 4879 00301 o] oy 935
ER= ES WS VR 12y, Zzte] Aol oJste] wEE MES & vl slREE AR Qe &
FACSE ‘&3] cytometry profile} soie (7l A2 5 Bljo} 73 852 v]8)E vlasl] 2 A7), 3 7} slea
Wl A7 U2 CD71 $AEY & &5 S Hoﬂﬂ‘r

A8 & 7} sRIFEd A7) eo} 3 HYETE Rele) s A dAdS o = ATk

SADO: HolHdT, & 2ivh slaEnl A, CD71 FA|, A FHas AHs
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