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[ ZE]B/ K% 0 (density gradient centrifugation, DGC) 5 S #E £k 1 (magnetic—activated cell sorting, MACS ) #H%%
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fetal nucleated red blood cells from maternal blood by
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[ Abstract] Objective : To isolate fetal nucleated red blood cells (FNRBC)from maternal umbilical cord blood through density gradient
centrifugation (DGC)and magnetic—activated cell sorting(MACS) by four different screening schemes , and to evaluate the screening ef-
fect of different methods. Methods : Ten samples of umbilical cord blood (12 mL/case)were collected. Each sample was divided into 4
groups: Group 1:DGC; Group 2: DGC+MACS negative screening(CD457) ; Group 3: DGC+MACS positive screening(CD71") ; Group 4:
DGC+MACS negative/positive screening (CD45/CD71"). After screening, the number of cells was counted, and the t—test was carried
out to evaluate the enrichment efficiency of each method. K-B staining was used to identify FNRBC count , and then the number and
the proportion of FNRBC were calculated. Results: (D Compared with the other three groups, DGC method had the largest total cell
number(0.95 x 107/mL) , the largest FNRBC number(39.87/mL) and the lowest proportion of FNRBC (0.004%o0) , with statistically sig-
nificant differences (P=0.000) ; @ DGC+MACS negative / positive screening (CD45/CD71") method got the least total cells number
(0.81 x 10/mL) and the least FNRBC number (7.47/mL) , with statistically significant differences (P=0.000) ; @ 1In the DGC+MACS
single antibody screening method, the total number of cells (1.99 x 10° /mL) obtained by DGC+MACS positive screening (CD71%) was
lower than that by DGC+MACS negative screening (CD457) (2.56 x

BB TR : 5% &, Email: maiowuash@163.com, 10mL). The difference was statistically significant (P=0.000).
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However, there was no significant difference in the number of

FNRBC between the two methods (P=0.910) ; @ There was no sig-
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(CD71") and DGC+MACS negative/positive screening (CD45/CD71*) (P=0.030,0.050, 0.210). Conclusion : The number of FNRBC
obtained by DGC is the largest. DGC+MACS negative/positive screening(CD457/CD71*)has the strongest ability to remove mixed cells.
The effect of enriching FNRBC by DGC+MACS positive screening(CD71%) is the best without reducing the number of target cells.

[ Key words ]fetal nucleated red blood cell ; density gradient centrifugation ; magnetic—activated cell sorting
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A5 28 VG 2 A 30 RS 5 — B e 15 B A P 2% D 2 ik
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I ™ T BRI B RE SR e ), ¥R A — IR AT
YRS EUEIRAING VAELL L R R AR A . 2 0%
st % K LA AR 12 mL, 35 10 4], BIr A AR Y8 2 — izl 2
% (ethylene dia mine tetraacetic acid, EDTA)¥i%E. FfFH PBS
(pH7.2, 1 E _EVE A A 7)) S5 2E 24 mL, 2 h N E
TrAn sy B o

BEOY BT REA -2 500 4 20 (BR4H 6 mL) , 2351l 4% LA
T 4 Fh T AT I BE -

F%E1.DGC;

FZE 2. DCC+MACS B 1% (CD457) ;

J7%E 3. DGC+MACS PR v (CD717)

% 4. DGC+MACS Mt/ PH i 1% (CD45/CD717) .

WFFT X 42 2 Z2 45517 1R H 2022453 H 28 HE4 A 8
H eV 22 22 38 K24 5R — Wi B2 B 07~ BH 12 stis i Brh 20
WI2810  HEBR AT IR A A 5 RN R R 21 4 s 2 1
P (b AR I 200 M SR 0 B R A R RE L RS L I
5, BIAEE — AT RIS F R URIEI R 1 AE DL E RIER A
PEKE A . Z2 AN R AR AR 9 mL, 3 4 5], B A 1AL 25
EDTA$i#E. F/H PBS(pH7.2, [ [ i A My vl ) Z54%
FiBeZ 18 mL, 2 h N AT 40 73 55

HR A B 27 1l FNRBCs 7338 5 W (R B 45 20, e 7 32 3
(DGC/CDT71*) X Z2 344N & ift. FNRBCs HEAT 0 % , 18 1 K-
B 4L 8 %038 FNRBCs , PPl 277 1 2 i 22 1 A1 A il FNRBCs
A R
1.3 Rk
1.3.1 HEERREE L RS MIMARAS 6 mLZ2 % F 3 mL
PRSI (Ficoll % FE 1.077g/mL, E[# Sigma /A # ) , EiR
22°C,1 500 r/min x 30 min &.0> . 765 RO S L, 7T
SRR 0 402 1, BL2 T S R A . R R
K H EF RIS 3 ~3.5 mLe, PBS/0.19%BSA (pH7.2, 1% [ 5
KIE/N 7)) Ve AN M 2 Y (22°C, 1 500 t/min x 5 min 5.0) J&
W SE NI TTE . 3 HA PBS/0.1% BSA 5 mL T 37 2 F7 4H i,
A,
1.3.2 MACS#fit FNRBC CD45 BM:Gii% : 76 5 mL B O 5
FEA TN 40 WL CD45 o RE fE R (5 Kk, fi ) , 1R 45T 5
4°C, BB F 15~30 min, 4 %% mini-MACS R 4 (5 .
130-091-632, 3 KJifE , f8 [ ) . LA 500 pl PBS/0.1% BSA il
Pk mini—-MACS 0 B A, R 25 I, W5 0 0 A 400 B 1 A, e 42
WM. PBS/0.1% BSA PEEAIMITTRE 2 7K (22°C, 1 500 r/min x
5 min Z0) JEWCEARITIVE . HINA PBS/0.1% BSA 1 mL &
BRI AN, RS

CD71 FHPEGRBE : 5 mL 250 G A 40 wL CD71 %
PERLER (5 I, 8 ) 5 3 1 mL CD45 B3V 6t 5 B A Fhom
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A4 pL CD71 S BE Gk , IR AT , 4°CREEIEE 15~30 min, 21
2 mini-MACS & 4t . UL 500 pL PBS/0.1%BSA 1§ ¥k mini-
MACS i B 4E , o P 25 S5, 4 0 2 A 40 ML A, B 1 mLL PBS/
0.1%BSA JNA G VEFE , B Bt , wh e AU P, Ak BE 44
i, PBS/0.1% BSA YESAIEUTIE 2 ¥k (22°C, 1 500 r/min x
5 min &0 JEWEAMTIE . HINA PBS/0.1% BSA 1 mL
HTETEANML, AT,
133 4% A Kleihauer—Betke (K-B) YL 8, % 5 ] 4514
F B 100 WL 40 AR R T4 v b, AR T 1 he

&5 : FH 80% L& & , K PE = R+

TR Pk I < 8 1 22 S5 1R U B i 37°C B B2 1 % b i P (pH
3.3+0.2, 0.2 mol/L # iR & — 4N 12.3 mL; 0.1mol/L #7 5 12
37.7 mL) , {45 10 min, 7K UE)5 S IR T .

Peten IARZ Y (R i LA A\ HR s E Al
45 s, I F K w3k 2 min PTG O B g FLAE A2 9 8
A G4 1 min, FKPE 3 min, BET)5, 8540 . 85 R RGN FRE
FENRBC LA A T 15 B4 40 A0 oz 200 i 22 TR, 200 i 522 T3
SR BE A% B RYY  RTE R H 122 L RR AT a1,
1.3.4  4iAEARANA T4 B2 plL BEERAEAS A 198 ulL
PBS 1 (# BE 10015, FAUA T Ecb L, 1154 A~ KT8
ANH KL, T LR TR AR - SR A e B (4 e gl
mlL 40 I ) = (4 > K74 PIAH IR A %574) x 10° x 2 (B B
FEE0) o

AN T.FNRBC 1% : FNRBC 1% i 2~ 5256 51 (A F1B) T
200 4 AL . AN SETR BT (A/B) 114X FNRBC H il
2 S LT 10%, HAR FNRBC 5] A= 40F < [FNRBC 4%
(A+B)/(FNRBC i %% (A+B) +400WBC)] x 100, 4 iy £ W&
100 pL/Zk B x1073k

FNRBC FLAFI3 T8 : FNRBC Fb A3l (%0) =FNRBC L 50/41 g
S (Rl —FE7R)/71 000,

A B AT EHLE SPSS10.0 BT 48 143 . A
FABAE L LI = ARifE2E (x £ 9) TR . SCHRBEE R K
. KK IE a=0.05,

2 # R

2.1 Ko AR B E AR
A M 5 3L A 10 4 1 H a2 a5 8 iR

R, PR 32.4 % 3428 J8] 38.1 J], T34 HE A 4 o 45t
3244 ¢ FEWFE 1,
2.2 A THRE R B 5 ik Rt s R

o3t A RPN Dy G008 5, T 3RAT AT 2 SR 3R 2.
775823 4 ML, 75 1 T 445 10 5 20 i i B 2 (1.07 x
107/mL) , Z 5B HA 24 L (=9.680, P,=0.000,:=4.770,
P,=0.000,:=10.600, P,=0.000) . 77 5 4 T 345 o 40 Jfd £ de /D>
(0.81 x 10%/mL) , 22 7 B A 1+ 5 X (1=10.600, P,;=0.000,
1=9.620, P,=0.000, :=10.600, P,=0.000) . 5 DGC+MACS BH
% %6 (CD45™ ) M [t (2.56 x 10¢/mL) , DGC+MACS FA 7k i 1
(CD71) Fr 3-A% B A 32> (1.99 x 10°/mL) , 2 %45 501t
27 X (1=4.770,P,=0.000) .

23 W RR ity EK-BEEEFHLER

Ji Al 1ML 28 5 4 RO TR) 7 S8 0/ 3L J5 , BT AR5 FE A K-B J4
0 4% N FNRBCIHEAE R I3k 2, [MrE2 3 44, %1
A FRAS 45 5 B 9 FNRBC (39.87/mlL) , 22 5334 B i 2
& X (1=7.710, P,=0.000, 1=9.520, P,.=0.000, (=18.760, P, =
0.000) . J7% 4 345 FNRBC ¥t fe /0 (7.47/mlL) , 22 5 BAY
i itef i X (1=18.760, P, =0.000, 1=6.280, P;,=0.000, 1=6.220,
P,=0.000) . T 75 % 2(18.13/mL) 1 J5 % 3 (18.2/mL) Fi 1%
FNRBC Uit 2 [8] 22 5+ o4 124 2 L (1=0.030, P, =0.910) .
2.4 W fn R ) 5 it 5 % P AF FRNBC sL )

FNRBC LL#I45 R 322, W23 4k, r% 1 r
5 FNRBC L B 55 1% (0.004%0) , 2% 53 34 BAT G it 22 78 L (1=
4.310, P,,=0.000,t=4.750, P,,=0.000, :=3.300, P,,=0.000) . J5
2 2 fi 13 FNRBC FLfFIM 0.007%0, 75 28 3 T 153 FNRBC {7
0.009%o, 75 % 4 It 5 FNRBC HL 6514 0.011%0, =& Z A1 22 5
T4t E R X (1=2.030,P,,=0.030,:=1.950, P, =0.050,:=0.750,
P,=0.210).

2.5 T Z4as) A b2 FNRBCs 5% 5 tm it 4 48 R

o33 5 B AR EE AR TR R, AT K-B (8 55 8 IF 1T 4K
FNRBCs., W33,

T3P A ATAR T AT HEAS ek 30 5 P ARSI 2 5
Wang JY FFP0) SLIG 25 AT e K I 45 2R s PO A SR Il 5
Ganshirt—Ahlert D ZE2VA5 (1) 5256 25 B AT ¢ K 6 25 3

AL 38 1 DGC/CDT 1 4 A L i 1 242 12~16 J& 22 i b
JAIfL Y FNRBCs, 28 K-B e (5. 55 IR AT 4. 5 Wang JY

F1 BrEMER-ANBEERRE

R IEk1 % 2 18 I3 = fie%R A LR /g TEIRA IR AE
1 27 37 e = Hhip 2760 TIRF =

2 35 38 HE Hlf 4050 UEURIGDIE IR
3 28 38 e = Hlf 3 100 TIRF &

4 32 40 = WG 2 690 i B

5 35 37 = WG 3270 TR 5 M e
6 30 37 i iR 3280 7

7 40 39 = G 3 440 PRI T8

8 29 38 iy G 2580 T

9 29 37 HlEr = Hlh 2 880 Fokad b
10 39 40 e G 4390 AEURIIRE R
SEAA 32.4 38.1 - - 3244 -
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F2 ATMAEFRIGIES, AT E.FNEBC 4. FNEBC LL 5 R
S 1.DGC VE S 2:DGC+MACS It 75 % 3:DGC+MACS FHE 7‘7%4;DGC+1\_/IACS 31/
s (CD457) (CD71%) (CD457/CD71*)
JAIMiE/ FNRBC FNRBC E40Mif/ FNRBC FNRBC A40Mi%/ FNRBC FNRBC  E4iffis/  FNRBC  FNRBC
(107-mL™")  &/mL  HB/%0 (10°-mL™")  H/mL  HBI/%e (10°-mL™")  f/mL  HABI/%  (10°-mL™") W/mL /%
1 0.72 40.67  0.006 2.48 19.33  0.008 2.00 17.33 0.009 0.57 5.33 0.009
2 0.95 3933 0.004 2.77 22.00  0.008 1.80 10.67  0.006 0.93 9.33 0.010
3 0.82 4333 0.005 2.65 26.67  0.010 1.82 26.00  0.001 0.89 8.67 0.010
4 1.22 32,67 0.002 2.74 10.67  0.004 1.89 18.67  0.010 0.91 6.00 0.007
5 1.08 3400  0.003 2.07 16.00  0.008 1.90 10.00  0.005 1.04 8.67 0.008
6 0.63 28.67  0.005 2.25 12.00  0.005 1.63 19.33 0.001 0.25 6.00 0.024
7 0.89 38.67  0.004 2.36 20.00  0.008 2.00 18.00  0.009 0.77 10.67 0.001
8 1.34 5533 0.004 3.06 22,67  0.007 2.37 20.67  0.009 1.17 5.33 0.005
9 0.79 42.00  0.005 2.46 18.00  0.007 2.33 2467  0.001 0.89 6.67 0.007
10 1.07 4400 0.004 2.70 14.00  0.005 2.17 16.67  0.008 0.65 8.00 0.012
FHE 095 39.87  0.004 2.56 18.13  0.007 1.99 1820  0.009 0.81 7.47 0.011
2 0.29 736 0.009 0.73 504  0.002 0.55 514 0.003 0.28 1.85 0.005
P,:0.000 P, :0.000 P, :0.00 P,:0.000 P,:0.000 P,:0.000 P,:0.000 P, :0.000 P, :0.000
PE P,:0.000 P, :0.910 P,:0.030 P;:0.000 P, :0.000 P, :0.050
P,:0.000 P, :0.000 Pg:0.210

Vi EARGSIUET (. BANIE (RIS P P PR | 52 3 AR B P, PO 2 R 3 AR P T 3
57 AR B FNRBC i RIS L. PPy, P MBI R L 55 R 2.3 ARG L Py P R TR 2 TR 3 AR L, P R 3
% A KBRS FNRBC LU (R B P, Py Py MBI 758 1 57523 ARIRSE L Py Py WP 2 5753 AR e Py WP 3

T AR S
%3 SMEAMKEEAR:FNRBCs it # & R 5K
- ARSLE I % . DGC/CDT 1Y Wang JY 2200792 . DGC/CD45™ Ganshirt—Ahlert D 221475 % . DGC/CD71*
27 Ji1)E AT EuA~ 2R A 1)E AR A1) ApHEuA
1 12 8 12 4 18 8.7
2 13 7 17 1 16 7
3 16 9 19 1 - -
4 15 7 12 5 - -
5 - - 12 2 - -
S 14 7.75 14.4 2.6 17 7.85
brifE 2 1.58 0.83 3.36 1.82 1.41 1.2
PA 0.001 0.460

ZEPFN Ganshirt-Ahlert D 552V 5 BE 25 R XF L, 2047 0 K2 50 o
K 06 28 WoR |, AR SE 5 5 %2 (DGC/CDT1T) fif 34 Fir 45 31 1)
FNRBCs ¥4 W i 75 T Wang JY 25204555 22 (DGC/CD45™) ,
P25 A G2 5 X (1=5.150, P<0.01) ; 55 Ganshirt—Ahlert D
PV (DGC/CDTI) WM i i 45 R IC % 5, G i % & L (=
0.090,P>0.05),
26 WEFWE

1A g Iy il B K-B 4e o, 1] 1B Sy 20 il ik A K-B
Yetty TR A LA JCAZ LT A0, 52 005 450K 5 [ B o] O e
FER R AN, A% S A R AR T B AT, AR e
11V L N 2 D A NP O o 1 o o T S el B e e N
FNRBC 40 B4R (9~12 pm) A F 7Nk EL 40 AE (5~8 pum) AT
PR RN (10~20 pum) 22 [8]", 5 Y sl i RE | 2% B R
e ARTE s R (TR Y

75 355 5 IR AR 43 4 B K-B Y €55, 55 R 35 0 U 3
FNRBC. [l 2A Sy [ iy 1l 50 400 %8 8 A6 32 85 00 5 40 if KB
o AU rbRT LR B B A JOAZ 2T A0, T B 40 i R v e
A 5 ] 2B 4 J 7 I 28 DGC+MACS BP9 4 (CD457) i ik
Jo AR R, Y5 AT IR S R 2 iR 4y, FNRBC HIfE
Forbs I 2C J IS 28 DGC+MACS BHE 48 (CD71) i &
JE AN B, G5 T UL R A AR A R b A R e
PR 40 M 5 1 2D Sl B 1L 28 DGC+MACS BH /B 1 i 15
(CDA57/CDT71*) i I F Al i L 75 5% b 2 O BH S A bk 2
A0 R A A Bk Ay . TR 2B S 2R 4 A JE L 2 DGCY
CD71* i ¥ J5 A5 i 40 M AR AR TR et . 0B o 400 i B it
W 0l 2> , A UL A 21 0 i, A8 P UMK L 4 S, FNRBCs 22 B
TESGEDE B IRY WA s R % IR . iz ik
6 BilREAS 2 g 34 m] UL E) FNRBCs.,
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AP LR A B. 2 1AM i 35 v
1 B SNEmR R K-BREER

B. 1fiL 28 DGC+MACS B 147 1 C. 128 DGC+MACS FH 7 i
AL T L B e FACS PR v PIACS RIS
(CD45™)fifi i (CD71*) i ik

D. 47 1 28 DGC+MACS B44:/BH M 1% (CD45/CD71Y) fifi 1t E. ZE1 4R 1128 DGC/CD T Veid Fr e (o,
B2 Fr#im FNRBC.SME M FNRBC it E £/ K-BRELER
5 3] FNRBC, FHPER A F) 100%. 42 DGC+MACS
3R 51 B 5 (CDASTCDT 1) 5 R A 75
KBS R B 22 B s 06 F7 FNRBC Fgk oy AUME (FNRBCEUR W > T 3241, 28 K-B 4t
SRV 10 AR AR 28 AN [R] 07 18 7 58 J 4 R L 2 5T 5P IR R Ik TV A0 I | rb Mo 20 i S A b H
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4845 FNRBC Ho 7% DGC+MACS BA—7i A4 i e Uik
b DGC+MACS B4 i % (CD457) Fl DGC+MACS
FHAETR BE (CD717) ir k45 59 FNRBC #50i: | Lo 3] 22 [7]
JoZ 5 fH DGC+MACS B ik (CD717) 7% H K-
BY 5T iR s i i/ . Ik, = AL FE
ANFEAR FNRBC 3R A5 80 9 S6 i |, DGC+MACS FH
PEGSE (CD717) L BRIB %A #2240 (HE FNRBC) g
JiHEaE, B RO AL

ARG I T2 A AT, BT A% FNRBC FHME:
FiRF 100% ., BEESET MACS B FNRBC fifi i k£
S FZEEANE M AT, (AR I FNRBC 75 83K,
Simpson JLAF2HEiE , 20 mL AL P& 1~ 2075 )L
A, BB LA SR ot H 20 B E A5k 1 10°,
UL BE J5 T 5 FNRBC BHPE RN & o 958 S 1 iF
FERIN, 22 CDT1 FHAEARIC /9 MACS 1 & J7 5 r 15
FHA: %} 57.14% . Reading JP 2555 il MACS 4%
CD45.CD14 5 CD71 A, iF AT % , AT 35 %1 87% 1)
BH P %6 5 BRS04 H B0 AT B 25 405 I % 405 SR R Ml
177 o PRI SR FH IS A0 IR A 075 56 7 3 2P R AT, Iy
W FNRBC 7 it w1 , BHPE R 100% , 9800 R i BE 45
A BAPE BT A R 00 s o, (4545 3 0T L R O -

AW G — KA, 5 DGC+MACS B PE/BHE
ifi & (CD457/CD71") i ¥ . DGC+MACS B 1 i 1
(CD45") A Lt , FEAS BRI AR R o 240 e 250 o 5tk L
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