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S B A HI G JL 40 B i) A% B 4 A AT DA R % Ak
f FISH A0 o 0] 73 A G 0K 2 45 1A 5R R B i ik
S H S DL VR I B e . TR A A D RS D) kR H
Pk Bl PCR By 42 Ak P20 97 1 50R L 52 B 50 1Y v
B ARG DU B R A B Rk TR RO RS DU 1969 4F
Walknowska%:5% f5c L) FTBE (4 20 J] i v i L 48 #
BB PR L TE A 0B A S0 R i A i iR L 2
JELXT Y e K FISH A6 I 45 ik iE 52 i JL A 55 1
1979 4£, Herzenberg 227§ FACS H AR 4y 5 16 L
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M. HLA-2 Bt i % & 20 Mok 98 A 6 L. A
FISH #5042 A 5 2 #) F i L 46 M A 56 G L A% B
RS, 1993 4, 36 E k& 2 5K 5550 % o7 B &K
JLE AR MR B & 1E 4 8L (NICHD) , £ Xf F /i i
JLAR L TT A TE A 77 i 2 W B AR 8L T iR L 4 i o)
B F 98 ( The National Institute of Child Health and
Human Development Fetal Cell Isolation Study, fA]
B NIFTY) Wi H ., 2002 4, NICHD % 51 2 — ., 3k
H DR 5256 % 1Y Bianchi [ A, 26 ¥EAG T 2 Fh 7 ik
Joi o B 2 e A R 2K 0 1k (FACS) F#E ) 53 16 42
AR (MACS) 53 85 BE R 1 5 1 7 B H i) FNRBCs., Jf:
K 21 5 e o fA JF B A5 A, 5256 R WX — T B ]
IRE) 740045 5 L X H AR G Y 2 0 A ORRCA W
FE G B M DL S B OR BB AR YL 2012 4R,
Mouawia %) F ISET 8 5 43 & 5 1 43 B3 iR JL %
IR )= A, IF H PCR 25 J5 vk %5 Fo0# » e & 52 B
B 1 21 4 A AT B R LB IR S B R 35t A5 e 1Y
FITASE I, 4485 T o 2 R 100 %0, 90 45 52 B0 R A G L
200 10 1) 382 A 0 O T2

T NGS X 5~ 3 4 M 0 47 56 41 7
Br s R JLANME Y T 7 w2 W 4R 4 T sR A ) i
Hoo ¥ s iy 40 i i 4> 5L R 40 DNA BEAT 831, 3K
T v B i R o8 R 1 i R A 2 05 A il AR
P 3 A 0 R X A R TR A R AT S A A
JF o 02— T T D o B I R BOR . X EE
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o B BT A TR HE AL (5 R . ICHR R ZIT K
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2012 48, RYINAE RIERDFFE e v | —F e T2 &
BRI (MDA (9 540 0 Fy 38 07 3 - 32 71 1 4
FEL I 5 5 A B 43 9 5 R R IR A e R LA AT Y
SHURCHE AR SRR, 2013 4F B LI R B R %
FHAEAE B4 i3 4 B IF 5% b R A R 19 iR L 4 i
SRk A E BAR WA B TR . A4, Xie B BA
3 A T 4 N ZRE BOR DNAREAS g 28 T i DL
200 i e AT 2 SR Ak 0 3] B AN N 28 A ) B R
FAZ(SNV) , JE ] 45 DURAR 53 (CNVO I 73 HF R 5K 2]



CFREPRTIZWZRE (B TRHO ) 2017 455 9 4245 3 10

T Kb K M S itk — 25 0 T 22 45 1 7 i
W

SRR R ZF SR IR G E 7 B L 110 S
A1 3 47 AR L B i G L AR A 3 PR AL 3 AL 2 4y
Br. 2014 4R, 57 3% g 7 TR 2% 1) Rui Hua 5§
NP0 B R 2 ) (R 2 I YR ) 2 I B 90 B
BEA 85 & 19 FNRBC, ] ] 4 5 [/ 2410 7 Xf
FNRBC #4740 87, s 2 A0 2] 2 51 T21.2 5] T18
A1 T15, % 1A BN 5 B Bk ok 24 ) ¢ 1k 4T ik
22 98 6 B 20 B (O ™ A 80 i 1 A A% 41 2
J B IAEACH 1~3 4~ NRBC, 2 5240 7 )5 Z
{H 00T 0 B e e AR AR A AR, BOAR K R F
o 38 I R B 2 2 B /D i FNRBC B 3 6 f
ARG RR D PR ER B EXR CEERA
B TC A0 A I i AT AT 7 . Bk NRBC (1) 48 Jifd
P 5E, 2016 4F, Baylor 52 & 25 ¥ Breman'*®
BA 432 4 11 28 0 A0 A ot v i B LG 5% )2 Al
T A AL IS 43 A G L O £ ik S R R
$& DUE A 5 (CNV) ., Breman B A X} 10 ~16 % )&
MR 95 IR B9 4210 43 B B 30ml Ab JE i, 95 2P i
T JBE B 0 43 S UMM B A 9% ZH Ak Pk i cytokeratin
FHAE CDAS B M i 40 B, $2 BSR4 )5 LA Y-PCR
FISTR B B 2 43 B B M0 2 0 . A L4193
aCGH 43t H 5 4 i i 34 4 (R % B F1 CNV, NGS
BRI 4 T15.T18,T21, aCGH 43 #7758 5] 1 4]
15 S e fafk 2. TMb Bk, BRUL LS, A 1
NIPT & T13 fB FHPEAE A 3R AR BRUAS 19 77 )2
A 9 4~ NGS Bk T13, 7540 3 AN @R iE
PR G LG 3% 2 A0 M 0 RS I AF AR B A B
% 35 0 A% BHE . Breman 25 A (4 B 9% 82 755 F)
o 38 St A T BRI G L 2 BB RE AR AR A il
() 10 37 J2 A0 M nT DUAT B S B A i . R HEA
I PR 7 FH 3 S 1) i B F 3k — 21 B 4 2 AR A s
[4FE 11 7, P} % Steen Kolvraa ! [ B\ 43 25 22 1
A0 I G L 20 MGk B3 12,8 4~ /30ml AL
BRI NGS #il aCGH H A K 2] i L 21
S XORY G R AR R AR R 2 ) L Ot iR
W T CERAR X e A o 1% A FH AT I & 19 X8 2
T 43 16 5 W (cocktail , CKO 45 2] 1 4 % 45 19 i )L 40

© gR3E - 39

JH 43 36 R ) O A I Al B R 4 D 41
AR H b 41 i 5 R AL SR AT Y8 8RS R
AP aCGH H2 R 52 30 40 i 3% £ {4 % A i .
Xt 2 B Xering Yo €6 U 6 46 L AR AN 219 %
T A DR AL g B R {45 R 4 4 0 A2 68 0 R I
YUE B AT T W 40 B B T BE . TR B 4R L xR
K ZE A5 2 0BG L A0 M EFT WGA ¥ S35 £
M5 8. AE & N X F 5 /N i #5 DL B S R
I, 3% Fh 7 28 2 B aCGH HR

BEF e )L AN FH B 40 0 7 4 R 523 L SR
FEHARIL W, O 4 — A w ST AU A
R AT AR T 0 2 X — 4 Y R R AR
Z HAT AARDL il 5 BP0 5 DR R 1 R
Jity L 20 A 1 5 DAL £ 8 B o 5 A R AE A DR G R i
LA R 1 B9 12 BT 23 AR A T 5t

4 ETRILEBMMIE TS FRUKRRBMLE.
R BRI R R R 77 ik

FLTF HIDNA B JC A ™ A A I £ R © 228
HE 32 0 R 8 d v Y HE AR BRI O 2 — 19 R IR 2R
A AE R I HE A R K F) 99 00 . Rk 1 Hh A BB B
T BE T K B B B R D A S R 22 8 DL O e
(CNVO G| F 38 A% 95 Lo M T DRk A g 4 0 4
AT iR L AR B A 7 ARG I T A D e g AR
B R RESE B CNVL T 3k [ R (de nowo) »
I SRR T T PR Y BT A

T HfDNA, A A JL 40 9 NIPT H %%
LR @B A 43 B 10022k B T iR JL Y 5
413X iR K A B S B2 W 9 s @ B8RRI T
cHDNA # NIPT £ A 75 Il 38 0 7 T8 BE i 68 68 A6
R T ) Al e % A R A2 L L 75 R S A L iR
JL 20 M R AT AT e B R T BL 2 L BT iR L A0
1432 S A I RT BE S B 22 U E A O 1 A N 4
UG EN LSS I - SIS S S
181590 12 WK AT 2% B8 s @D A T v XU L JIE
S5 [R) AL 2 401 R 7 0l T2 T cffDNA | NIPT )
e B P A 2 H AR EY) e fetal-
cell NIPT S H] F 80 ) i [l 19 22 10 . 5 4 1 f)
FEE I 1.



40 - gRA -

(RERZEAECLTFHO) 2017 45 9 &5 3 )

R 1 BRARAME AL b G L AR B AN IR LI B R 1Y L

Wi T W
AT Y% BT BUK T 5650 e 2 L
WM S B TR R R sk )0 BT SRR A
6 LA A5 A S TR - 4L 526 DNA B i — 5 B
i L 44 M N i1 FHSH 8 of PCR SR SRR S A S €, 3 0 5 A0ML A% 23 A AR AT T B8 I O i & o BLABRH
2 it 855 57 AL B G
1 SH FE LB
CGHSNP A BFF 1 6450 B 0P 2 5
BEAS £ B/ CNV
DNAMIR  WKC A E % 948 S — P 515 F BT 412 A
i B A L e A == A TP
it WA R T eIy Ny 0 DN IR R 6
LI DNA 070 10 S 5 2% 10 T 8 6
oy s o A Ve aE IR & s 2 . N e b
B S SR i
5T it AR
PCR & TG AR i L e 1A e
I [f 45 i G R AR
W4 I NS th Lo X3 A R AR

RECEAR L B IESE R P T8 L4 i
8 B 7 1A A D b — S I e, (R R A B 28 )
e AR AT A AR 22 0] R 2 A e

A H AR L 3 T BE 3R S0 R I BR L 40 i A
PR A BT G L AR S8 0 A L TG e T 5 2 A0
YD CR AR O Y 2 e e e L P I e
S0 B BE M AR B R R L AH M 2
— KBk . Breman"™ Ay 540K I A 40 A i RE 6%
EIE LA b Ta) i, i — AR ) 22 /0 i 3~5 AN fiR
JLZN L B2 7 A 0 E B R . SNPLaCGH 8 NGS
& 15 B BLIE MR D 3X — ] LA T BE 2 1 B TR, b
A B  JiG L A0 I T Rl A T AS [R] % 48 490 . S 1 4
it 5 A e PR AL AN 5 A7 1% 19 00« R T ) 4 i 0 RT e A
FEHE RIS 5 4 43 28 o0 i AT R 2 07 Bk X 2 iR L
M. A WS NGS 0] LLS 5 S #1140 i

FH A2 A1 . B4 Ak DR A e 7 T A R —
PRI ) — KB A . BT R AR i B R ) B R
R L RER B IE I R R B | i 3~5 5, HET
R LAN I NIPT R & 75 BE 0% fif P i — wE &, 5
B 2 (A . R P i e R R B A A 1 B
FEE GG T —BoHH 1 25 3 Ao B R B T
JG LA MRS I A5 5 B8 2 IR R

PRI A fe T 0 2 A% 20 440 0 A5 00 0 4 T 43 A
00 35 PR IS8 1 45 HL Al ey 1) A, 4 5 A1 0 AR 1
STE T AL 2 5 N e AR b L R A 1 4
it 5 T BB S BT 1 R T 1

i )L 4 A Y 5o 5 U IR O R B A B g
PRI KA S R A R E— 2B M BF5E FIESE B &
WFFE 45 R4 7R TR bR G L™ 5 H A= Bl B T g
A A I R LA M AR 2 B, Dk s
o3 (BT 5T TF 40 T — > S

Ak BEAE B fe A 8050 25 T By B A B L
20 e #R AR 2D R LA B Y R A7 B A 1 2
S 2 J) 22 S R0 R 1Y) B A R B A AL S AN [ T AR
FegE . BLAh . 43 5 B 40 i 58 B A B IRt X A
M EA AR . 4 @ RCH S 73 ik R R K
PE T AR JE I A 4y 2k B L AN 3R {0 5 L AE
SETIZ 0 NTE Al O i R S R O R
SN PSR

2
R

5 :%\ ?E

A G L 40 Mg 2847 7 /512 W7 47 Ab T 52 56 &
B AL HR 73 BE L R B AT Y TR LU R A%
PR NIPT A5 Bl o B IE T T 1 PR 199 2 18 T BL
ATy ZEEAR 1 I A A PR K s i e B . LR 3L
AT eyl S 0 e B AR AN W7 T % )R o R I R
(14 355 T fifs JL 40 4 7 ARSI AR T — 28 R] 5 Y XL
P e 7K R BETRIfE L. MEREE BRI
HL V7 I S5 R 3 AT » B 2 1) 7 3 4 A ik R 6
R A e R T AT R (LA A

& % X #

[1] Schmorl G. Pathologisch-anatomischeuntersuchungenber-



Crp ™ RT2

(2]

[4]

(5]

L6]

L9]

(10]

[11]

[12]

[13]

[14]

ZeE (R FHD) 2017 4E45 9 %45 3

puerperal-eklampsie [ M ]. Leipzig: Verlag FCW Vogel.
1893.

Walknowska J, Conte FA, Grumbach MM. Practical and
theoretical implications of fetal-maternal lymphocyte transfer
[J7]. Lancet, 1969, 1(7606):1119-1122.

Lo YM, Corbetta N, Chamberlain PF, et al. Presence of fe-
tal DNA in maternal plasma and serum[]]. Lancet, 1997,
350:485-487.

Krabchi K, Gros-Louis F, Yan J, et al. Quantification of all
fetal nucleated cells in maternal blood between the 18th and
22nd weeks of pregnancy using molecular cytogenetic tech-
niques[J]. Clin Genet,2001,60;145-150.
Emad A, Bouchard EF, Lamoureux J, et al. Validation of
automatic scanning of microscope slides in recovering rare cel-
lular events; application for detection of fetal cells in maternal
blood[J]. Prenat Diagn.2014,34:538-546.

Bianchi DW, Zickwolf GK, Weil GJ, et al. Male fetal pro-
genitor cells persist in maternal blood for as long as 27 years
postpartum[ J]. Proc Natl AcadSciUSA,1996,93:705-708.
Breman AM, Chow JC, U’Ren L, et al. Evidence for feasi-
bility of fetal trophoblastic cell-based noninvasive prenatal
testing[ J]. Prenat Diagn,2016,36(11):1009-1019.

Morris Fiddler. Fetal cell based prenatal diagnosis: perspec-
tives on the present and future[J]. J Clin Med, 2014,3,972-
985.

Steele CD, Wapner RJ, Smith JB,et al. Prenatal diagnosis u-
sing fetal cells isolated from maternal peripheral blood: a re-
view[ J]. Clin Obstet Gynecol,1996,39(4):801-813.
LapaireO, Holzgreve W, Oosterwijk JC, et al. Georg
Schmorl on trophoblasts in the maternal circulation[ J]. Pla-
centa, 2007,28:1-5.

Askelund KJ, Chamley LW. Trophoblast deportation part I:
review of the evidence demonstrating trophoblast shedding
and deportation during human pregnancy[ J]. Placenta,2011,
32:716-723.

Shettles LB. Use of the Y chromosome in prenatal sex deter-
mination[ J]. Nature, 1971,230(5288) :52-53.

Fang CN, Kan YY, Hsiao CC. Detection of fetal cells from
transcervical mucus plug before first-trimester termination of
pregnancy by cytokeratin-7 immunohistochemistry[J]. J Ob-
stet Gynaecol Res,2005,31(6):500-507.

Katz-Jaffe MG, Mantzaris D, Cram DS. DNA identification
of fetal cells isolated from cervical mucus: potential for early
non-invasive prenatal diagnosis[J]. BJOG,2005,112(5) ;595-

600.

[15]

[16]

[17]

(18]

(191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

©ZRHE - 4]

Bolnick JM, Kilburn BA, Bajpayee S, et al. Trophoblast re-
trieval and isolation from the cervix ( TRIC) for noninvasive
prenatal screening at 5 to 20 weeks of gestation[ J]. Fertil-
Steril,2014,102(1) :135-142. e6

Beaudet AL. Using fetal cells for prenatal diagnosis: history
and recent progress[J]. Am ] Med Genet Part C Semin Med
Genet, 2016,172(2):123-127.

Bhat NM, Bieber MM, Teng NN. One step separation of hu-
man fetal lymphocytes from nucleated red blood cells[J]. J
Immunol Methods,1990,131:147-149.

Ganshirt-Ahlert D, Borjesson-Stoll R, Burschyk M, et al.
Detection of fetal trisomies 21 and 18 from maternal blood u-
sing triple gradient and magnetic cell sorting[J]. Am J Re-
prod Immunol,1993,30:194-201.

Ganshirt-Ahlert D, Burschyk M, Garritsen HS, et al. Mag-
netic cell sorting and the transferrin receptor as potential
means of prenatal diagnosis from maternal blood[J]. Am J
Obstet Gynecol,1992,166:1350-1355.

Karl PI, Alpy KL, Fisher SE. Serial enzymatic digestion
method for isolation of human placental trophoblasts[J]. Pla-
centa,1992,13.385-387.

Van Wijk IJ, van Vugt JM, Mulders MA, et al. Enrichment
of fetal trophoblast cells from the maternal peripheral blood
followed by detection of fetal deoxyribonucleic acid with a
nested X/Y polymerase chain reaction[J]. Am ] Obstet Gy-
necol,1996,174.871-878.

Bhat NM, Bieber MM, Teng NN. One-step enrichment of
nucleated red blood cells[J]. A potential application in peri-
natal diagnosis[J]. ] Immunol Methods,1993,158:277-280.
Al-Mufti R, Hambley H, Farzaneh F, et al. Distribution of
fetal erythroblasts enriched from maternal blood in multifetal
pregnancies J]. Hum Reprod,2003,18:1933-1936

Emad A, Drouin R. Validation of automatic scanning of mi-
croscope slides in recovering rare cellular events: application
for detection of fetal cells in maternal blood[ J]. Prenat Diagn,
2014,34(6) : 538-546.

Rui Hua. Detection of aneuploidy from single fetal nucleated
red blood cells using whole genome sequencing[ J]. Prenatal
Diagnosis,2014,34:1-8.

Breman AM, Chow JC, U’Ren L, et al. Evidence for feasi-
bility of fetal trophoblastic cell-based noninvasive prenatal
testing[ J]. Prenat Diagn,2016,36(11):1009-1019.
Herzenberg LA, Bianchi DW, Schroder J, et al. Fetal cells
in the blood of pregnant women: Detection and enrichment by

fluorescence-activated cell sorting [ J]. Proc Natl AcadSci



2 - ZRHAK - (TR e (T RO ) 2017 4555 9 %46 3 )

USA,1979, 76:1453 - 1455. Analysis of NIFTY I data. National Institute of Child Health
[28] Bianchi DW, Flint AF, PizzimentiMF, et al. Isolation of fe- and Development Fetal Cell Isolation Study[]]. Prenat Di-

tal DNA fromnucleated erythrocytes inmaternalblood [ ] ]. agn,2002,22:609-615.

Proc Natl AcadSci USA,1990,87:3279-3283. [35] MouawiaH,SakerA, Jais JP, et al. Circulating trophoblastic
[29] Ganshirt-Ahlert D, Burschyk M, Garritsen HS, et al. Mag- cells provide genetic diagnosis in 63 fetuses at risk for cystic

netic cell sorting and the transferrin receptor as potential fibrosis or spinal muscular atrophy[J]. Reprod Biomed On-

means of prenatal diagnosis from maternal blood[J]. Am ] line,2012,25:508-520.

Obstet Gynecol,1992,166:1350-1355. [36] Baslan T, Kendall J, Rodgers L, et al. Genome wide copy
[30] Hatt L, Brinch M, Singh R, et al. A new marker set that i- number analysis of single cells[J]. Nat Protoc,2012,7(6):

dentifies fetal cells in maternal circulation with high specificity 1024-1041.

[J]. Prenat Diagn, 2014,34(11):1066-1072. [37] Xu X, HouY, Yin X, et al. Single-cell exome sequencing re-
[31] Schuring-Blom H, Lichtenbelt K, van Galen K, et al. Ma- veals single-nucleotide mutation characteristics of a kidney

ternal vitamin B12 deficiency and abnormal cell-free DNA re- tumor[ J]. Cell, 2012, 148, 886-895.

sults in pregnancy[J]. Prenat Diagn,2016,36(8):790-793. [38] Vona G, Sabile A, Louha M, et al. Isolation by Size of Epi-
[32] Kolvraa S, Singh R, Normand EA. et al. Genome-wide copy thelial Tumor Cells[J]. Am J Pathol, 2000,156(1):57-63.

number analysis on DNA from fetal cells isolated from the [39] Chen C, Xing D, Tan L, et al. Single-cell whole-genome an-

blood of pregnant women[]J]. Prenat Diagn, 2016 ,36(12); alyses by Linear Amplification via Transposon Insertion (LI-

1127-1134. ANTD []]. Science, 2017,356(6334) ;:189-194.

[33] Walknowska J, Conte FA, Grumbach MM. Practical and
theoretical implications of fetal-maternal lymphocyte transfer (e H 1 :2017-06-29)
[J7. Lancet.1969,1(7606):1119-1122. G K S
[34] Bianchi DW, Simpson JL, Jackson LG, et al. Fetal gender

and aneuploidy detection using fetal cells in maternal blood:

AR AEZHRHEREENIZEES

~
E

Brynn Levy
R H 7 25 B 22540 DR A L 22 52 %)

FE DR AR B A R AR 3. I R e VA B TR RE D A A AR 1
AR WE B2 27 R A BR . RS S m i E R L
PR ELIRATETE 1ok A ARG B R S IS 40 i gt 1'#% E??'?EI"J
Brynn Levy #8258 3 K 7 726 77 15112 W v i) i Al—

FERX A . Brynn Levy #4224 41 T%ﬁ%ﬂﬁﬁi?ﬁ g
I e G R A% B 03 Bt L O A 4 S0 T R DR RS L R A AR Ok
PR = A AT A I A BT DL S 4 R L DA TR R ) e R e A LA
B —SEAEAE R D% 5 IR — 26 T 52 5] R AT S gk R0 43 T

DOI: 10.13470/j. cnki. cjpd. 2017. 03. 008




