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Molecular biological and molecular cytogenetical
studies on chimerism
of blood cells after sex-mismatched
bone marrow transplantation.

Atsuko Iemoto
Department of Food Sciences, Faculty of Home Economics,

Mukogawa Women’s University, Nishinomiya 663, Japan

In order to evaluate the chimeric state of blood cells after sex-mismatched bone marrow
transplantation (BMT), polymerase chain reaction (PCR) and fluorescence in situ hybri-
dization (FISH) techniques were applied. Both techniques were used for detecting
Y-chromosome specific a-satellite DNA sequences. PCR positive bands were obtained when the
DNA samples containing more than 0.1% of male subject-derived cells were used. PCR
method is sufficiently sensitive to detect low frequent mixed chimerism. On the other hand,
FISH technique using biotinylated «-satellite sequences as probes is efficient to detect Y
chromosomes in interphase nuclei. As FITC-positive spots were detected in more than 99%
of interphase nuclei of male-derived bone marrow (BM) cells, this technique was considered
as useful to detect the surviving rate of the BM transplaned cells from a sex-mismatched
donor to the recipient. Based on these results, the both PCR and FISH techniques were
applied to 8 BMT patients. Comparing to the other methods such as chromosomal analysis,
these techniques were more sensitive and accurate to moniter mixed chimeric state.

THERTFELTRIERZIA TV 501, BHEIRL
BHMARO4LERD L BEL NEE (graft-versus-
host, GVH) KI5 TH 5. £ THRPIE T

BMT 2 X » TBHE I W - BHMR04E R+ a3
B EHEMEL, FTEYEN- 5 TFHREEFEN

#

B8 HH (bone marrow transplantation, BMT)
%, AR (leukemia)d, FAEASRMEM (aplastic
amemia)?¥, ‘BHEHHEIERE (myelodysplastic

i

syndrome) 999 7¢ & 0 MK ZR BB R FEE 790 &
DEFEE L TRAEFEEEZBRTWA. bBRETD
1975 e &ty v AAMAMBER L CE—FED
BMT 23{FhbhTLSE, 1991 4F % Tief9 1500 B o
BMT EGIRRE IR T 5 1. BMT 0F¥2ER

FHEY B CERIRREET - .

BE:T, BHEIhEFHEROABERORFHIC
3, BB (sex-mismatch) FEFIC BT, MK
fifaco X, YREEOFEELSHEFHMEEH-
EREESTC L > TRFATHZ EHPHE—DFRT
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Botz. LLZOFETE, BEIAEHARN
FRHHESHUL TR, ST ES
R WBHEHROR S COEERYRFTS C LIXE
WThHDH. T OFETIEOIRERI AP
RO B0, #MESEBIICA > Tt
#A (interphase) MO R BB TE v, S HIC G
BESP T, FEEFIT ORI —BIIE 2050
Bl EEnhied, BHEDOF 2V XANREINS
TR b B oo, DLED S bREFFHHLHEI
NEEFRDY, BFHCRTLEBEOEERLE—HTS
HE S BIROWTREMA S 7o TR, —, K
MTE V7 5 V&R % e\ RIS T 424
HBELRT, REESITIRTRETHEZ Ehb, &
EROBFCITH Y TH - 1o

o THRAREEEST AT, Y REAHR
DNA oBH»RAZBZ L E L. 20D
polymerase chain reaction (PCR) #k & fluorescence
in situ hybridization (FISH) % i\ 7. PCR &
X, DNAF YV 25 - E¥RIEEFIALTHEY R 771
~—%AWBEZ LY, 1A$EDNART VT L —
P LT/ DNA AR TAZ L TE, V&
D DNA 75 HA#JD DNA 5% %9 100 77 f5 i Hi@ ¢
Ehro LTIl HMbND WS, —JFISH ¥z, 7
7 —7 DNAZRHWkA AN 7YV EFfE—v 3 VIR X
D, BEF~<y €V I/ PREFOREBICHCD T EH
TEXAHZLTHLATWS9.  MEAMLEFEER
ET T, 52 M) L zh Ao 58RI G,
¥, G, SH#l, GHeEAIhE. MREHD
RBIChrbbToahiM L KT, SAMEo
FINE B RGD, REASITISHEFIACR SR
%. FISH ¥R, SARPMRTT = — 7214 7Y
FARTHY 7LD, K&EX, BEEGHTHC
L CHRAESRCREBRELHETH LN TE LS
BB B, FEPHMRCER S o fif sy
Wik, SARPMRCERTSZ LT Lc. B
EXNE OB T 95% MBS, KM A mET
TEEAEPSAEBRC D v, SZREIMaY gL
L7z FISH TR, L EOBGH B S OZRTHHHH]
BTh5.

Bl k235, PCR & FISH O 2 %, BMT &k«
B oI T b A FROERIFRETH
D, FRIEELEEROHKINTED EEL DRI
B, Thbo2gkE0HA L TREEMBEECRT %
BHAROEZRROBRRFETT- 1.

HHR&ELUEE
1. #¥

A) BV v SFEEREEMBAKE (B-lymphoblastoid cell
line, LCL)

EH B, EFEHRMMB- Y 5k 5 Epstein-
Barr Virus(EB 7 4 v A) & FVTHEISE L1718,
SIERD 5 BIEH BMEHE O EB-NL-Ma, E¥E%
M3 D#kix EB-NL-Ha % A\ 7z,

B) ®#gm (PB), FEHiHK (BM)

~R) VAT 5. BMT %2 -gE (Ly
e v M) OWTIE BMT R & #12, PB & BM @
DWTHRE L. BEOHEEE(FF )20 Tt
PBx#HWk. 2 v e —1 & LTBMT 2% T\
T WIMREBBEED PB & BM ¥ AV, BEEBH
DOBMTHlE LT, voE=v Rl / Fr—ng
HEIF, L=y bBi/ Fr—nkLtd S
TR L.

2. PCREIC LB Y #E DNA OBH

A) HROBRARFREC LS Ya %5 54 + DNA
DR

EB-NL-Ma BRiZF# K * BEEM I PBS(—-)
(phosphate-buffered saline) THR L, BRI
300pl i 1 MR E L, T OFRIEE 1001 352 1. 5ml
=y RV FAT7F . —TEGELL. ELLT
PBS(—) #kEH, H,0 10 iz CETL VY
TISMBMEL, “h%Fv7v—1+&LTPCR
BEx 5091 2 1V fT 5.

B) Bt -0 LCL % BA LIcBAED Ya &
5 74 + DNA OfH

EB-NL-Ma # & EB-NL-Ha #% 1:104, 1:10%, 1
102, 1:10, 1:2, L1 0EIAEAL, FEHEOBE
1048 & L. PBS(—) T3 [E¥&EHE, PBS(—)
whE, H0 30ul iz CEF Vv v T3 4inddl
BlL, ch®#7v7v—1+&LTPCREY 041
I N{T 5T

C) #E DNA 25D Ya 5 4 + DNA O

ST~ ) v#if1 L7 PB ¥ X O' BM i,
PBS(—) # I~2 fEER®5IL, $t% B L CRRET
HOeHEES, ARMREELy 7 4 —2— MG
FChMmEEL Ebic, SOmlFBEOAF - — 7 BT
Zh PBS(—) THER, #O4HE (1200rpm, 10 45)
5. PBS(—) $tix 2@ viIRL, ARMlRLS
BEL7c. LCL o413, 10° {1 PBS(—) T2E
Be LTHW .
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EUMEHEBEE O MK BT 5% 2 ) X405 FREFN - 5 FRREEEORE

DM X Y IsoQuick (Nucleic acid extrac-
tion kit, MicroProbe) A\ T DNA %##iH L, =
h&x7v7urv—pELTPCRERT-%k. DNA#H
Hi#EE IsoQuick kit (T EEDSBAEICHE - .

D)PCR ¥0D RIGK

PCR DML 10 £ PCR #£#E¥®K (100mM
Tris-HCl 2% % pH8.3), 500mM KCl, 15mM
MgCl,, 0.01% 3% v) 5pl, 1.25mM ©
4dNTP (dATP-dGTP-dCTP-dTTP, Pharmacia) %
8ul, 10% -x/A A7 3 F (Boehringer)5xl, 100ng/pxl
D74 <=— 2% £ 1pl, Tag £V 2 5 —+ (Perkin-
Elmer-Cetus)l ==, F2F v 7 v — + DNA i
BESOpl L L, 500pl =y XV FALT7F o—T R\
R, I F5AAA L (Sigma) #H) 100l BB L. Y
B EIREEH S D DYZ3 v —h ADat T 54 b
DNA #3835 PCR 75 1 ~— & L TiL Witt 50
HED XD Y1:5-ATGATAGAAACGGAAA
TATG-3’, Y2:5’-AGTAGAATGCAAAGGG
CTCC-3’ wH\ /.

E)PCR kD&M & Y 2 DNA O¥E

PCR =D 441X denaturation:95°C,30 £, annealing
:54°C, 10>, extension:72°C,30 BT 50 41 7 AT ot
B&2%12 DNA thermal cycler (Parkin-Elmer-Cetus)
#HA\W\k. PCR #D+ v 7t NuSeive GTG
agarose (FMC)2% = SeaKem agarose(FMC)1% %
M CTrER Lic»¥ A, TAE buffer % B\ CikE
L, =FYvase<xA FCHE, UVEHTT
DNA #i8-* v FOFJEBRE L7
3. FISH ¥R X % 4ufa{k DNA O

A) "M TV EL L=V g v Tr—7

AN TVEAE—Y g v T e —FL LTI, Y§
ko YqI2 5 #RHT 5 DYZL &, Y, X, 8%
U017 BREEOBFEERS Dar7 51 + DNA
(alphoid repeat) Z#Mi+5 DYZ3, DXZ1, D8Z1
BIODITZIL V. chbiivwTFhbetrs v
SRATHEIhTWAS 7 = —7 (Oncor) TH 5.

B) JefafbEARDIER

~-2Y viRM L7 PB 3 X O'BM X b BEMRE 5

BEL7o. Chix DNA RO BB ka5 Bk
U, Al T-7. 0.075M KCl, SR T 20 4,
ERUB LT, BFRIBE— 227 —A3IATHEEL
fo. WL, BER— A X — AR DB I I
2EEDIR L. 254 V752 AR Shiciiia
BEEEBEET L, KREERT 1.

C)FISH

FISH B3 & D 020 » —HHE L TT»
oo A5A FEKIZANVAT I FTHE—2XSSC 3A
DIWFTTI0C, 2HHOBEERTT- . RCkEL
7270% =& 7 —, 100% =% /7 — %% 10 588
LTRE L. v —7 & LT 10ng/pl €45 viEH
Ihic7 v —7 DNA 2pl Ly, 10mg/ml b 7 VA
7 » — RNA(Sigma)0.25¢1, 10mg/ml BM:+ 7 ¥
DNA (Sigma)0.25ul, A A7 3 F 10l 2ESL,
75C, 10470, ZEMEFT-7%. —F, 20xSSC 24,
10mg/ml 411 7 &+ 7 3 v (Boehringer)1.541, 50%
WEET* A+ 7 v (Sigma)dpl XEEAL, Zhic ki
M7 e -7 DNAEHEMLTAA T Y £ E—> 4
VIRE L. TN TY B - g VIREREHEL
T AT A FERLDR, FOERAT 7 4 L ARLS
2T, [BERELLVALBREH—CITC, B2
T, 4RERoV L I8EER, 37C THA 7Y X4 ¥~
g YEITo T,

N TYEAE—Y g VRTHR, 77 4 v ARIRE,
ASA FEAERHALLT I F1K—2XSSC 1 BRI
BL, BaER LA, 30450, 42T T Lic.
D 2xSSC, 1xSSC THR, % 105, 0.1%
FU MY X BB% s 2XSSC, 2XSSC TH 10 43Rl
Bl L. >3\ 2. 5mg/ml 7 €2 v -FITC ¥
(Boehringer) % 1% M7 17 3 vz i
4XSSC TS00EERL, 254 VEX LR, -
57 4 MAEBER, SHMEBR TS vF -t L
To. ZDH0.1% + Y + v X ®inz f 4xSSC,
4xSSC TEiR, % 10 7M%k#H L1z, KIZ 20pg/ml
LB X5 0.1% PV b v X 0%tz 4XSSC T
FRUIEFF V(772 V)R TS FHER CTRIGS
¥, BiEERBCEE L. BOLZEOTED v -
FITCH ¥ TS FHBRE T vHF . <— L,
T L. FORTREF 4, TATA 484 VK
(100ug DT E€F 4 7 A7 A+ X4 ¥ (Sigma) % 7
Y 4+ r — /L 90ml, diazabicyclooctain(Sigma)l.25g,
PBS(—)10ml, pH8.8HEMLI-LD)THALT
0FLES Y v x —Ra Ui, BOLEEMEE (Nikon
FLUOPHOT)B fiiig % i\ THZE L. FITCHE
BYeDE T B I IF520~545 7 4 v & — CHER LTz,
BEEBMII2 Xy 7 =7 & 7 v — & ASA400 TfT - 7.

D) i

2 b r— KD PB % 7oik BM Milax A\ T4H
ZUREARZ 1000 LA X D v v v L, v ZFART &
CEEXETE Lic. ¥4 BMTERIOWT S R
i, Fr—fifaofrEsECcERLE.
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1. PCREEIC L% Y R DNA o

A) BRRFFEIC LS Ya 7 1 + DNA OBH
PCR &% T - 7c&t 30 A, 12 f@ic PCR EW AR
HENA(K1). 300ud i 1 HOME, B A L 51
FRINcbor 100 F2O3EKDF o — TG ER
Fotckd, HRPTIIADF . —7D5b 1A
DEHMErH L Ll h, EEE1/3 OfEE T PCR
EYrELRc. O LIENEE LT 1L EOMR
BIUEYa 5 54 b DNA PRI TE 52 L &R
LCwbEEz bR

B) B -wHHFED LCL #B& LB ED Ya
571 t DNA O

EB-NL-Ha ¥ 10* {Eic EB-NL-Ma # 10 8% inx 7=
B4 PCRES»BEHE I (K2 lane 7). L»L
104 e 1 Nz B E i BRE I hich -7 (K2
lane 8). ZhBODFEERMS I0PE 1EOEEGTY
Ptk b O BT PCR EMQ BRI TE S C
Ehbinote. DYZ3 i3 1 #ifgdh e b 3000copy B 5
LB X TED, TOX5ERETHRIET
X5 ENHEP L.

C) Bk ko LCL #E4& Lkl L DNA
250 Ya 7 54 F DNA O

# 105 8> LCL % i\~ EB-NL-Ha # 10° {flic EB-
NL-Ma ¥k 102 O gl TRE LA, PCREHH
BHEI (X3 lane 7). 105 @ 10 iz o5&
BEHEIN 572 (K3 lane 8). ThboiERIT
ERE & AR 108 fEic 1 B, B TR
T5EPCRELKWTIETHEST 4 7B &
R LTWA.

1 2 34 5 6 7 8 9 10111213 14 1516 17
- - bnd sy £ —
Fig. 1. PCR analysis of Y-a satellite DNA using

limiting dilution

—: 170-bp Y-chromosome specific PCR
product
lane 1: DNA size marker (phi X Hae Il digest)
lane 2: positive control
lane 3-17: Five sets of 300x1 PBS(—)containg a male
derived-LCL were evenly divided into
fifteen tubes. Each tube was used as a
PCR template.

1 2 34 5 6 7 8

Fig. 2. PCR analysis of Y-« satellite DNA using

mixed male-origin and female-origin LCL.

—: 170-bp Y-chromosome specific PCR
product

lane 1: DNA size marker (phi X Hae Il digest)

lane 2-8: LCL mixture of male-origin and female-

origin at a ratio of lane2; 1:0, lane3; 1:1,

lane4; 1:2, laneS; 1:10, lane6; 1:10%, lane7;

1:103, lane8; 1:10%, was used as a PCR
template.

PCR % Hi\ e Ye 7 54 + DNA OB H T AE
T, B 3 BRI R A B S & LR,
Lo BRE CAOBROBREMBREZHRE T 5 it@ LT
Wiz, Lo LB EofEREL S, Bi:mkiifan 17108
LU EDEE, EfElsF 2 ) X AREYA 7 OFEEOH
EXRETH D LA L.

1 2 3 4 5 6 7 8

Fig 3. PCR analysis of Y-a satellite DNA extracted
from mixed male-origin and female-origin LCL.

—: 170-bp Y-chromosome specific PCR product
lane 1: DNA size marker (phi X Haelll digest)
lane 2-8: DNA extracted from LCL mixture of male-
origin and female-origin at a ratio of lane2;
1:0, lane3; 1:1, laned; 1:2, lane5; 1:10, lane6;
1:102, lane7; 1:103, lane8; 1:10%, was used as a
PCR template.

2. FISH kic X 5 4xfafk DNA Ot

A) BHRS & ib MfE
Bk o mEMizax AT DYZ1 F» -7 T
FISH (e %475 &, BB, FRERoOWTFhicks\ T
B, "M TVEARXTEHY AL EXREINRC
(K4). ZoX> FISHEYAGIUE, hET
SRR EIRAAE S R\ e DR EES I RET



BB HBEE O MG ST %+ 2 ) X 2045 TRIEFH - 5 TRRESEOER

B o BRI ERMI% T e — 7 DNA L~ 7V &
{ RTBY I FNVOFEVHERTE . X LEKD
1, BT A oo Mo EE Y MR HIE
THZEVRERHE LD 7.

Fig. 4. A Y-chromosome was detected in each

interphase nucleus from male-origin BM cells
using FISH method with DYZ1 probe DNA.

A : granulocyte
B : monocyte
= : DYZ1-positive spot

B)BM #liffa T FISH iz X 5 Yufafk DNA O#H
BMT % 5 T WHBHE =2 v b r — v 045 ZURHA
BM #ifas 7354 @ FISH &~ 7+ L O R 3
LR Lie. Y ufaffiate e fafh o o TR 1 EO
Y IFN, 8B IO BREMLIELREMLILDOTE
RER2MBOY 7 FApBHERBZ LS.
DYZ1 Tk 75 1 A5 99.2%, D8Z1 Tik 7'

L2 DY 99.5%, DI7Z1 Tk~ 7 F L 2 HHS 98. 8%
THh-7c. DYZ1 T21{E, D8Z1 kLU DITZ1 T4
Er R I - Mad, DYZ1 TO0.4%, DI17Z1 T
0.6% FER I Nz, THIXHZERMI (G, #1) Mz
TLTWBHDEEZBND. Flov 7/ F KRB
s fifart, DYZI1 TO0.4%, D8Z1 TO0.5%,
D17Z1 T0.2% Th-7c.

LlED X 5 w4 E0FETE, FISH ¥ 7 F L0
HERIL 9% LlEEREL, Eo7 e —THRAWTHEA
ROBEIBONIIDAK LD, F2V) X4
HEDOIEHERHECER EE L bR, T, BF
b 8 Kifdl~ 1 B THEHRAERCERLE LR, |1
o2 54 FEADS 1000 L LM » ¥ v b
TEBZ EMNEL, 1000E» 7 v T HDORETS
D, 10~304 &5, & oediEREEC bR
HICHEIGTESZ b otctcd, BMT EFOKRE
CHWAZ ENTER EEZ bR,

Table 1. Detection rate of number of chromosomal
signals by FISH method.

No. of signals DYZ1 D8Z1 D17Z1
0 0.4% 0.5% 0.2%
1 99.2 0 0.4
2 0.4 99.5 98.8
3 0 0 0
4 0 0 0.6

1000 BM cells obtained from a male control
subject were examined. The centromeric probes,
DYZ1, D8Z1 and DI17Z1, were used to detect the
number of chromosomes in interphase nuclei of
BM cells.

3. FEGIOKE

A) FEGI 11 B &MIEY v A MR
199243 A, JEREH LV Y 2 A TEHD FF—n b
BMT 51}, BAETTIHE6» AEBLTW5.
BMT # 1 B THIMERE 700/cmm & 75 - fefed
granulocyte colony stimulating factor (GCSF) 752
HiE# G5 Shi-. BMT # 3 H H 0§ ks Cik
100% 73 F —mHk & Shic(F2) 2, BN
FISH Bi% 4T o fcisE, BMT#3 HE TR EFRL VY
v bl 86% BfF LT\ e, LALILERT
5% AP L, DD 3% LIT 2R HbAB
BIht.

Table 2. Cytogenetical and molecular genetical
analyses of BM cells after BMT.
Case 1(31 year-old male):acute non-lymphocytic leukemia

Date of sampling FISH PCR chromosome
%%  Y-specific DNA *%%

1992/ 3/ 8( 2days) 8.0 +

3/ 9( 3days) 14.0 + 100

3/13( 7days) 83.0 +

3/17(11days) 97.6 +

3/24(18days) 97.7 +

4/ 7(lmonth)  98.8 + 100
1993/ 3/ 9( lyear) 99.2 +

Date of BMT:1992/3/6, (
BMT
*k Number of Y-negative cells/total number of
cells counted. More than 1000 BM cells were
counted. As the donor is a female, no DYZI
positive spots could be observed in the
donor-derived cells.
k% Y chromosome negative cells / 20 BM cells

) :period after
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B) fEFI 2(36 5% FH) 18 F it B MR

1986 42 6 A, #ted Ko —h 5 BMT #3%F, B
FCTTEMBLTS. BMT #3400 198946 A,
B0 BB B P R R 78 ber-abl mRNA2929) (35
P, BMT# 54D 199146 §, 64D 199243 B
iRt & e - T\ 5 (353). BMT # 54D 1991 48
LI#%, PCREEW LD Ya+7 51 + DNA ot
FHMECSWTHECEBEThD. JESTITI
1990 % T, 46, XX T, S5SELAHED 199146 A
46 , XY 33 3 HBEI LTV 523, 6 FFE8
#1992 4E 3 B0 20 O Tik 46, XX 2% 100%
Thotc. BMT# 5 Eh 5 FISH BEIC X BEERD
BRI ook R, W2 98% LI kLB VAEBERIE
bhtc.

Z OIEFITIE, FuEb5HT Tk 100% 7 — dRAR
fa b Xhichl, FISH BETIL0.6~1.5% OEHED
v v b OfifaoBRELYRE L. iRl
o, vve=v bIRIZV - CATHE LIC,
ZTOHEBHBE LTV (®S). LrLBE0LZA
ber-abl mRNA (& H 2 h7, ik CML 3 &Lk
EZzbhizu.

Table 3. Cytogenetical and molecular genetical
analyses of BM cells after BMT.

Case2 (36 year-old male):chronic myelogenous leukemia

Fig. 5. In case 2, DYZI positive BM cells (1. 5%)
were detected after 5 years of BMT.
=: DYZI1-positive spot

C) FEFID % L

k& 2 Bt BMT 3% 6 1T, BMT #o0
FISH (k%47 » TAFROBH T -2 (F4). T
NLAEFEEL 87.0~99.8% L &<, EMEAEFZERLY
R TER.

I EDKERMS 17103 L\ 5 {EHEF 2 V) X 20k
H2ESE 7 PCR &, IEEcAEEROHEH AT HE
FISH (% B35 = &%, BHBEO FEHEXIE
WeT552T, KEFREELZLRI.

Table 4. Surviving rate of donor cells after BMT
detected by FISH method.

Date of sampling FISH PCR  chromosome  ber-abl
k0  Yspecifc DNA k% mRNA
1989/6 (3years) N.T. N.T. 100.0 +
1991/6(Syears) 9.5 + 90.9 =
1992/3 (6years) 9.4 + 100.0 =

Date of BMT:1986/6/13, (
BMT, N. T. :not tested

%k Number of Y-negative cells/total number of
cells counted. More than 1000 BM cells were

) :period after

counted. As the donor is a female, no DYZI1
positive spots could be observed in the
donor-derived cells.

k% Y chromosome negative cells / 20 BM cells

CASE 3 - 5 6 i/ 8
Disease* SAA SAA ANL ALL CML Mf
SEX (R/D)** F/M M/F M/F F/M F/M M/F

Time after BMT *kok
%
Imonth 7.0
2months 89.7 83.0
4months 97.0
6months 94.7 95.0
lyear 99.8 87.0
2years 88.7
3years 97.4

%k SAA:aplastic anemia, ANL:acute non-
lymphocytic leukemia, ALL:acute lympho
cytic leukemia, CML:chronic myelogenous
leukemia, Mf:myelofibrosis

%k %k Recipient/Donor
sk 3k >k Number of donor-origin cells / total num-
ber of BM cells counted. More than 1000
BM cells were observed.
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1. PCR#&

A)PCR tEDRLE

B LHERMEYES LSS 17100 L0 5 &
BETYa V7 54 + DNAZKRH Ihi:.
BAFFEIC L D 1 ffgs 5 Ya 7 51 + DNA
PBHEIN. ZOLSRBHENE G LT, EE
EoFx 2 ) Xak BRI\ A%, population DAL
YBET LB b o T,

B)PCR (D RHE MK

PCR % A\ 7z Ya 45 51 + DNA OB HII#4E
BREES 3 R E RIETH - e
2. FISH ¥

A)FISH ¥ D REE

FISH & 7' F VBRHERIL 99% Ll EE &L, o7
r—7%ACThHRKROERI GO,

B)FISH kR

FISH #0 & 7+ A R AR B B 8 B~ 1
B & KRR ICER B DR,

C)FISH ¥ D x5 & 7o % Mlifia
fifaoBEE»rrb b T EEMRThILE Y 7
PR TE i, RRIRABRTEETH - SR
MM N R LT B LN TEL.

D)FISH % W IcBE&DF 2 U X ADEEM
FISH X V5 & AEHBEFHBHEC S\ WTAEED
TR, BHEBEDF 2 ) X ADEHNEEHCTL 0.
3. PCR¥ETO 1/103 L\ 5 EHEFx 2 ) X A0
H & FISH x BV Ic BB+ 2 ) X 2 0¥EXEH
BHEOEHERFERAEDIDAEERTH 1.

ol 3
ARREAT S, CHRBEEE L, SHE

BARE BEFEE WIUR—HE, BASTHEE,
H2AB RTBESMCR EHBLET.

X 53

DBEARE—K, BFEXE, BFEZX, 47,
1129—1135 (1992).

2) Gluckman, E. et al., Blood, 79, 269—275
(1992)

3) Bortin, M. M. et al., Bone Marrow Trans-

plant ., 10, 113—122 (1992)
4) SHEA, B¥DObPAH, 164, 694—698
(1993)

5) De Witte, T. et al., Br. J. Haematol., 74,
151—155 (1990)

6) Appelbaum, F. R. et al., Ann. Int.
Med ., 112, 590—597 (1990)

7) EE—, EXobPH, 164, 703-706
(1993)

8) Krivit, W. et al., N. Engl. J. Med., 311,
1606—1611 (1984)

9) Krivit, W. et al., N. Engl. J. Med., 322,

28—32 (1990)
10) Aubourg, P. et al., N. Engl
322, 1860—1866 (1990)

J. Med.,

11) MAE—, BE¥0bdPAH, 164, 685689
(1993)

12) Nemunaitis, J. et al., Blood, 76, 245—253
(1990)

13) Morishima, Y. et al., Blood, 74, 2252—2256
(1989)

14) ez, EBRERZ, 8, 1008—1011 (1990)

15) mERRZE, EAE BB BXE,
2957—2976 (1990)
16) Takahashi, E.
14—16 (1990)
17) Hashimoto, T.
75—76 (1983)
18) WIE—, ®& &F, FAECFEREE 18
MR EEMs, REAFERA, EX, pp.
249—254 (1990)

19) Witt, M., and Erickson, R. P., Hum. Genet.,
82, 271—274 (1989)

20) Takahashi, E.
119—121 (1991)

21) Eifx—, EREXFM HERI¥ v 17,
7, ¥4, FR, pp.111-116 (1992)

22) AR, il &, AN HE, MRkIF,
8, 845—849 (1989)

23) FNATRE, k¥l Bk, iR B, ERE BB
B3R, 37, 2191—2195 (1992)

24) Nakamura, E. et al., Br.
78, 130—132 (1991)

25) Miyamura, K. et al., Blood, 79, 1366—1370
(1992)

35,
et al., Hum. Genet., 86,

et al., Hum. Genet., 63,

et al., Hum. Genet. , 88,

J. Haematol.,



