Detection of Residual Host Blood Cells after
Allogeneic Bone Marrow Transplantation Using
DNA Markers
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SRAFEEHAMEE=RE (EERE RED
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(Epk 4 %2 A 8 BRA)

RSB (allogeneic bone marrow transplantation, BMT) D # » ) X & (MEHED ¥+ —BADIRHR) 2R
L, "OoBE A T HBOFELYRET AL, ¥ B bR KE DNA (Y chromosome-specific repetitive DNA,
YDNA) & B4R K ERFIMLE (variable number of tandem repeat, VNTR) @ DNA B0 &BM S ~—H— L LT, Y4kET
BMT % 5 Wiz I8fERIic o\ TR OREL BB Lz, &l Fr—nb BMT 2513 6 floBHBEFHIzOWT,
YDNA #7r—7¢FA Ry b7 oy bEEBIUHF T ry METRELLEZS, 48IKFA VRROBE RSN
. Z05% 3FTIRERER - <2 07 7 — CRENMRMRO20~BE AR P EKTHET LRI, ZO3FADS
b2 EIIEN B AIIRTH - 7edd, WIEEEEERY 2 5 — LB IG (reverse transcriptase-polymerase chain reaction)
CroTh7 4 5FN7 4 7THRAFCERNT berabl 2 v 22y — RNA 2 EhishocZ bbb, BETARA L
WRREE 7 v —veEL bRz, VNTR SAEIEIE X 2RE T, 8 Lic BMT BE0£&fIT V-l s &2 gD
BENTTETH Tz, 4EIFh 5 Hl R A M iOBREIRIhi. 1 AI2MEROWI LI h, FoBRBEMGIFRECL D
BRElcoTe. SPNIBRNSHP LY, 05 bEMRYBERED 1 flxtic 2B H O BMT 2% 8B Lic-0. 14
AR MIBROBEL RO A LERSEROBMERRD IV, Wb ARAHEMF 2 7 EELbRI. LD X 5% DNA
<—H—%FIH L1z BMT #OBFAA Mo, it - BROBKHOXL LT, Fr—0fEESiilkas 2 ik
MOME/ERE AL TEI X TELDTERLELLRL.

Key words bone marrow transplantation, Y choromosome-specific repetitive DNA, polymerase
chain reaction, variable number of tandem repeat, mixed hematopoietic

chimerism

BE, KEOLERHABEELHAL-RETHEM
(allogeneic bone marrow transplantation, BMT) i, H4TR
BRI & oS mEEeEnSEERCTThhEkE LT
BuZhicbDEirsTwb. BMT OEERE D IodICIL,
BMT i B& 0 MBMRORE LB S »ICTHLERD B .
BCRA MROBEYBRIT S Z L2, EHRCHERY R
BWTA L CHBIEELELOND.

IO IcHIROBIROSHTEE LT, ZhE TizfkimEk
FURCM#E S F (human leukocyte antigen, HLA) O3k,
REGSHILEAHWERTER, AL, TALOREE
&, Fr—fifciBa s 050k 2 F A T 2R
E2MEG 5 2, RFRTo ORI A BEL T 5700, B
BEMO MM OEGEIICIER TR, T, Be0m
TATERARNS L <L COMBIIRAE TS - 7.

COLS MBS BT A, DNA ~—F — % Huie
AREROBREFERER IR, BMT HOF 2 ) R A (G
RO ¥~ HAoiEh) OFRCHCLhTETHS. Y R

—_—

thiEr B H DNA (Ychromosome-specific repetitive DNA,
YDNA) i BHEMAIC O ZERICHRIE S D700, REMO
BMT CTl&Ric~—n—&7en™. i, AERAEIhLA
U 25— EKIE (polymerase chain reaction, PCR) 12 & %
&R R FIHE S (variable number of tandem repeat,
VNTR) 20> DNA EDOETHOBRRIMEBICIERCH
BATHBHZENLY BMT D0 F 2 ) XA DOFFHEAD G 2
HREIhTE .

2y BMT 0+ 2 )V XARIEHL, HoBESR K
MOBELRFTDIH, ZhbD 28O DNA ~—H—%
AT BMT %O AR ORI xR L.

MRESLUVFHE
.5 %
YRR CENSEEER S L OB mEED DIz BMT i
TURISEERIERNER E Lic E1). 205 BITHIIE HLA »—
BElLicrr—-»»b, BREFXEE (unique patient number,

A.bbreviations: BFU-E, erythroid burst-forming unit; BMT, allogeneic bone marrow transplantation; BSA,
bovine serum albumin ; ¢cDNA, complementary DNA ; CFU-GM, colony forming unit-granulocyte - macrophage ;
CML, chronic myelogenous leukemia; FCS, fetal calf serum; GVHD, graft-versus-host disease; GVL,
8taft-versus-leukemia : mRNA, messenger RNA ; LGF, late graft failure ; PCR, polymerase chain reaction;
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UPN) 82 @ 1 iz HLA O—BEREE D LB SBHEL T
fo. BEEE, UATRAOKRFEORELALDAT, TLEROR
RETH 7. 441 (UPN 76, 77, 82, 83) T, —EEE L
CHRMBREPLETT2RABERF £ F T £ (late graft
failure, LGF) #88 % z. UPN66 TRERI \FEbh T\,
UPN83 1%, .1 EE® BMT RICARIEHBEMOFRE L ZE X h
Foizd, 2[EEB D BMT %2787, BMT %04 EMEIR
EL, 2FI Ty s e ARY v (Y VR, ER) LAY U
Fe—+ (ARAVEY —, RR) 2HWz. BEFNEEHR
(graft-versus-host disease, GVHD) OEFEEIZ > 7 F A A —
T DLW 5 720,

I. &5F DNA O

BHER - BOBERIOFF—nb~ ) VINRM M E 2otk
EHmMEERL, V&7 ey 7 (Nycomed Pharma AS,
Oslo, Norway) W & &% 3000rpm T 8 £rf&.O LEEAKR LS
2. —HMOBEEZDOWTIL, X - BIE2OWTHRERC K% %
BB Y o8 L. S ORBMEs bEE, s
WD L CTHEEERDTORET DNA Ll Lic, S8 L
% Tris-EDTA (TE) #%% (10mA Tris-HCl pH8.3, 1mM
EDTA) iR X €, EEO 2EREOBHEHR (1 X V7
EREEF F U 7 A (sodium dodecyl sulfate, SDS), 0.6M
NaCl, 20mM EDTA, 20mM Tris-HCl pH7.4) % inx THIRR % %
e, TeFs - KRX-VvHF— - -=wvrgalllz
M, BE) 210pxg/ml Xics X5wing, 37TCI6RMHIT A v

&

FaN—va VT, FRO7 =/ —LENzTHp
#, 4000rpm TEL LKBHS i Lic. R0y,
J=Jb-Zumuajh, ZaaRiLAD|ETE DB LTI Ht.
DUTIHDIED M FrBRF + ) T A L2 5B DB,
s —AEMZ I, —20CT LRELL EHE L DNA %
7. 4000rpm TISHEHELHE, DNA O =Ly FmEEL
708 =% 7 =N TH#H L TE SERCHER L. BXETvR
W DNA oEIRERJlE L.

It. EmaiEEMRROEE

FHiEEMRTOENITREMREOERIIMBROFE TR
Teo eV 1P EOBREREMAE, 1.2% 2 Frerm—x |
Bfy/mlVavervi=) Raefl=Fy bARE &
), 5874 b~a7 S F=vRIBY votBkEER g
(Sigma, St. Lowis, USA), 10% ¥ v IfifE7 /7 3 v (bovine
serum albumin, BSA) (Sigma), 30% v ¥ A R & (fetal
bovine serum, FCS) (M. A. Bioproducts, Maryland, USA) %4
DA A THEL LNy a8 H# (scove's modified Dulbecco's
medium) (Sigma) WFHEILREL Iml & Lz, ZOMKgs
W, 7 73 110882 M (Becton Dickinson Labware,
New Jersey, USA) A, REEH ARE3ES: (37C, 5%C0) ¢
2EERERE L. 2BMBCER IR BN =707 ,-
R EMBTEMIK (colony forming unit-granulocyte - macrop-
hage, CFU-GM) HI3RD = r = — % X OFRIMERRE M ATER MK
(erythroid burst-forming unit, BFU-E) ¥ D 2 = = — % H7H

Table 1. Clinical data on patients
UPN Age/sex Diagnosis Conditioning Acute Chronic Months Clinical diagnosis
therapy GVHD GVHD after BMT at sampling
47 12/M ALL/Resist. Ara—C+CY+TBI 1 =) 50 Remission
53 27/M CML/2ndCP Ara—C+CY+TBI 1 Extensive 42 Remission
56 17/M AMoL/1stCR Ara—C+CY+TBI 1 (=) 39 Remission
59  14/F ALL/1CR Ara—C+CY+TBI 0 (=) 34 Remission
62 23/M CML/CP Ara—CH+CY+TBI I Extensive 31 Remission
64 29/F CML/CP Ara—-C+CY+TBI 0 (=) 27 Remission
66 20/M ALL/1stCR Ara—C+H+CY+TBI | (=) 18 Relapse
68 31/M CML/CP BU+CY 0 (=) 22 Remission
70 39/M APL/1stCR BU+CY 0 Extensive 19 Remission
72 1/F ALL/1stCR BU+CY 0 (=) 17 Remission
75 36/M ALL/1stCR BU+CY I Extensive 5 Remission
76 24/M CML/AP BU+CY 0 Extensive 11 Late graft failure
7 15/F SAA CY+TLI 0 (=) 3 Late graft failure
78 42/F CML/CP BU+CY 0 =) 8 Remission
81 32/M CML/CP BU+CY 0 (=) 6 Remission
82 16/M CML/CP BU+CY 0 Extensive 1 Late graft failure
83 14/M RA BU+CY 0 (= 1 Late graft failure
Relapse of RA CY+TBI 0 (=) 1 Remission
84 12/M ALL/1stCR BUACY 0 (=) 1 Remission

Abbreviations UPN, unique patient number; ALL, acute lymphocytic leukemia; Resist., resistance to chemotherapy:
CML, chronic myelogenous leukemia; APL, acute promyelocytic leukemia; AMoL, acute monocytic leukemia; SAA,
severe aplastic anemia; RA, refractory anemia; CP, chronic phase; CR, complete remission; AP, acute phase; Ara-C,
cytosine arabinoside ; CY, cyclophosphamide ; TBI, total body irradiation; TLI, total lymphoid irradiation ; BU, busulfan;
GVHD, graft-versus-host disease ; BMT, bone marrow transplantation; M, male; F, female.

Ph', Philadelphia chromosome; RT-PCR, reverse transcriptase-polymerase chain reaction; SDS, sodium
dodecyl sulfate ; SSC, standard saline citrate; TE, Tris-EDTA ; UPN, unique patient number; VNTR, variable
number of tandem repeat; YDNA, Ychromosome-specific repetitive DNA
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FETFTTAEL, "4 7Py teb b T Dar=—
pob i, BLzar=—iX, REBREarm=—51
vrt7ay T4 v, —HOKRTIZ, BDS
pegam=—ib DNA ZHH L.

V. YDNA oA 7 0—7 OR%

HEAERAYRAEL I VEEhA pKY-2 7 r — %
IM109 (£, FR) &G TRIES S, s, Hind I (%
Fis) THE{LL T 3.5Kb ® YDNA 7w —7 %, ) 45
<) v 7%y b (Pharmacia LKB Biotechnology, Uppsala,
Sweden) ZHWT¥P FAFvF v =Y VBB (Amersham
International ple, Buckinghamshire, UK) TEE#L, r—7 &
LTHAW.

V. kv b7 0y bEEVYHFTay bNATYESE—

-

B8 LcESF DNA % NaOH THEH X € =#, Dot
Maniford (Bethesda Research Laboratories, Gaithersburg,
USA) EBEB|RY TR ACTFA R Y AV T LY Ty & —
(Hybond™, Amersham International plc) IZIR & X &1z, —#D
EERTILESF DNA % Haell (R1BE) CHLLTE, &84
D3.0pug %0.8%D7 H e —R¥ A% FNT 15V TI6KEE
SRBLL. BEEKBTOHFE~—D—WCIELT 4K
DNA-Hind Il #it# (EEE) &7 4 =» 272 174
DNA-Hae I #¥{b#p (FEE) H\ 1. ¥ % 0.25M HClL, >
WE7NA AV (0.4N NaOH, 0.6M NaCl), % (0.5M
Tris-HCI pH 7.5, 1.5M NaCl) TEhFh1552 2 [HHNE L
2%, Southern DFHEP K T LD DNA 24 7 v 2
YTV T 4R —ICEE L. DNA #REIRIF A 2V
AVTVVT 4 2 —380CTR—F v I % Tl ntc. =i
FRy ZWCAR, "M 7V ELE—> 2 V¥ (0.6M NaCl,
60mM Tris-HCI pH 7.6, SREBEOF v~ — FEEK (0.1%
FCS, 0.1 KV €=nrv'e ) Fv, 0.1% 7 4 = — ), 2mM
EDTA, 0.5% SDS, 100z g/ml Z¥+ # $F DNA) %0265
CTIRHMULES VAL TS - 5 v o7, 2y
THOWEREEE, FILu~lt T L1 ¥ —v g VK& EHT
=7 (0.0lpg/ml) iz, 65CT—Bor1 7Y 54
=V g VBTl ot. 7408 —{22 £ E D standard
saline citrate (SSC) (1 f& D SSC=0.15M NaCl, 0.015
MSRABRS U Y &) TREEETHE LEE, 2ERED
SSC, 1% SDS, ou+0.1% SSC, 1% SDS # A\ T667C T30
FEOUEEEBROE LIz, BB O7 4 L2 —%—80CT X
BRI 4V ACBNZR, A= FUOH I 5T 4 — %ot

V. 30=—0&A LY +b709F 4 24

Y470ERy TERLAMB4 D CFUGM % X ¥
BFU-E kD =z m = —% 10011 D0.05M ) v EREHWEIC T2
&+, Dot Maniford E BB A v TR BWTHFA RV A VT LY
TaNE-WEHEREI A, EBIe%, 0.5mM NaOH
K74, 1.5M NaCl - 0.5M Tris-HCI pH 7.5k 5 48 L1 8,

M0%= /) —ATEELE. DWTTrTF 4 -+ K 2mg/
ml) &1 TE BZERTCITCTIRMEA v —v s vE
vy, Zmrmssia, 0.3MNaCl T3 ERE L%, 80CT
N=F VBTt N TV EAL€—> 3 VUBIRFHRD
FobdwyFy vrtRBTR ST,

VI. ber-abl » w2 — RNA (mRNA) O

8 M5 9E% [ MR (chronic myelogenous leukemia, CML) &
FD>5b, BEMKT YDNA OBFERER IR 2 flico\
TIX Roth LOWE LICHEEHRRY 2 7 - €HBRIG
(reverse transcriptase-polymerase chain reaction, RT-PCR)"¥ %~
BAWT7 45507 4 7% 6BH (Philaderphia chromosome,
Ph') w4 RE7s ber-abl mRNA OFEP B Li-. BEEHH
BN 577 209 AF+ v 7 & — FETHE RNA 2 HH L
7z. abl mRNA #7541 = — L WIEEEEY FALTH
#H DNA (complementary DNA, cDNA) % & 5 #, bcr-abl
cDNA DO—& % ber-abl cDNA OEASHLILILGHERN T 5
A =~ BT PCR THIE L. MBEDT, R Ly
VT Ay METFARVAVYI VYT 4 VR —ICEE Licts,
ber-abl cDNA BARKCHRN LAV TR VAF ¥ T -7
ERHWTAL TV EA4E—v g vETFlooie.

VI. PCR [C&3 VNTR ZR{DHSIE

2o VNTR & (YNZ22, MCT118) #%h Fh Kasai
b & Horn LOFEP ECTHBB LA, £, 20+ =
R VAEF 51 <—% DNA &5.3 (Applied Biosystems,
Foster, USA) W TIEB L. RIGIZ 0.5ml B o — 7
(Treff AG., Bern, Switzerland) %\ 7. YNZ22 #RA70D HEIE
Tk, $1 g OFM DNA % RIEH (100mM Tris-HCl, pH
8.3, 500mM KCl) &£ 1.1mM D4 EDOFAF =1 vig
(dATP, dCTP, dGTP, dTTP) (ZHE#), 0.54.M O&F 5 1
v — LB THIAT 10041 & L. MCT118 #frO#EiE <
1X, 4ng~10ng DFEK DNA % 2.5mM DK F+Fv =Y v
B, £2uM DT 74— LBbeTRIGEK (6.7mM MgCl,
67mM Tris-HCI pH 8.3, 16.6mM #%, 10mM 2 —x A %7
b=x /s —n, 1T0ug/ml BSA, 10% S A FNLALT 3+
FYCARRKTREEY 001 & Lic. MIBRIGE, 1.258A4
DOt B DNA R Y 4 7 — ¥ (HFH) 20z, BRELH
3 xS0 (Sigma) ¥—HEEE L, DNA Thermal Cycler
(Perkin Elmer Cetus, Norwalk, USA) # T 2 D& TR
Zigotc. PCR OEML, YNZ22 OB 2% D7 H e — =
7o, MCTU8 DBAIZA%BDEY 7 2 VLT 3 K ARF
TBEEKBE, YY1 e=Fov a7 n<AF (lpg/ml) TR
L, $/MEBE T T DNA O v FOHEYRE L.

B ®

[. YDNA 7a—72BUWIBEAX MEBRO®BRE
T N =06 BMT #5037 6 GO ELEFPO BN BE
(UPNA47, 53, 62, 68, 70, 75) DB MBEEMAY A F 1Lzl r — 2

Table2. DNA sequences of primers used for amplification of variable number of tandem repeat (VNTR) loci and conditions for polymerase chain reaction
Denaturation Annealing Extension
VNTR §'Primer 3'Primer Number of
Temp. *Time Temp. Time Temp. Time reaction
locus (5 to 3) (3" to 57) {C) {min) (C) (min) (C) (min) cycles
YNZ22 GGTCGAAGAGTGAAGTGCACAG GCCCCATGTATCTTGTGCAGTG 94 1 55 2 72 2 30
MCT118 GAAACTGGCCTCCAAACACTGCCCGCCG GTCTTGTTGGAGATGCACGTGCCCCTTGC 9 1 64 1 70 8 30-35

*temperature.
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ERACTIEREL, MRS hicg#Miao DNA » YDNA %
Te—FETER b TRy hAL TV EF L E - 3 VORE
Liz. TORBRRIKRT L5, 441 (UPN4T, 53, 62,
70) T YDNA 2\gH S hi. BHEEMROEROME T
YDNA OE® M LIzE 25, AED DNAKDWTORET
HAHT bbb, 24 TEREDO YDNA 2SRRI
LTWB I ERRERT (K2).

EMRFOFEIET TOEEET YDNA OBIERESRAZ &
b, BENHETFCRIG L CHET A ERFTREMROSRIZ KRR b
MRS ERTOATREENEL bR, L TERIZLE
bhifE40 CFU-GM gDz v =—0DEEL, £1V 7+
TreF4 v ISR OBE L. BFUE ikDam=— 37
v — 7 L DIEERNISIEED D, KETREROHEXITE
feivotz. B3 UPNB2 I oWTDRERD 1 flamT. E%
%D CFU-GM 2 r=— (Cl~7) TiZ YDNA i2¥ -
CEHIRLVORML, EEBHEOar = — (BI~T) Tidg
THEE IR, BE (UPNE2) » CFUGM =2 m = —
(Al~T7, A'I~T) T 6D = m=— (Al, A4, A'l, A2, A3,
A'T) 1w YDNA 2R & h . 34 (UPN53, 62, 70) @
CFU-GM = w = — % ¥ERE - THcE 2 AW Fhiz bk
A FHERD CFU-GM A8 &H, £ CFU-GM Ok b
CFU-GM DI FRThTF1526%, 38%, 20%Th 1.

1 /ditution‘
1 10 10

UPNT
UPN#& ®
UPNT0 »
UﬁNﬁZ ®
U-P N 53
UP NB68

Fig. 1. Dot blot hybridization for detecting YDNA. The
amount of 3.0 g of DNA prepared from cultured bone
marrow mononuclear cells (BMMC) of each patient was
spotted with its dilutions on the nylon membrane and
hybridized with the *P-labeled Ychiomosome-specific DNA
probe. Each sample was diluted 1:1, 1:10, 1:10%
respectively.

®

I. BEFEaNFERO ST

A S EROEMAREROBFLR IR 3FID 5 24
12 Ph'BMED CML BETH 1. 20k, BELTH B4
A P MRROMR LI 5T 5 BT, BMT RO 5§
® ber-abl # 27 mRNA OFEELREF Lz, K 41T berah)
mRNA @ RT-PCR #iC X 58HBERE R L. Z0Fkor
10° EOERMADC 1 B LD Ph' BHEMRIFEEST v,
ber-ablmRNA DERIEATFIRETH 722, 2HDVThicy
ber-abl # 2 5 mRNA WHHL Y FREDBhich o1k
(L—=v8, 9).

M. VNTR ERfiiia(c L2 BREFRZ MEBRORE

Fr—#RPICEETS R A M HBOBHEE IS Fr—.
FAMNOEAREC I - TR DD, Hax DEFIZOLTY
F-MRsL A T HROBRARRIC L VBHTALERD,

UPNB3  UPN70 upNg2
rbaehl fatd M F

1 2 3 & 5 §

kb

3.5

Fig.2. Change of relative amounts of YDNA in BMMC
after methylcellulose cultures. The relative amounts of
YDNA were compared between non-cultured BMMC
(lanes 2, 4, and 6) from 3 mixed chimeras and the
corresponding cultured cells (lanes 1, 3, and 5) using
Southern blot hybridaization. The amount of 3.0x g of
DNA was applied to each lane. Lane 7, a normal male;
lane 8, a normal female. The band of 3.5Kb was specific
to Y chromosome.

Cc

Fig.3. Direct blotting analysis of CFU-GM derived colonies
for detecting host-derived CFU-GM. Each dot corresponds
to a single CFU-GM-derived colony plucked from day 14
methylcellulose cultures of BMMC from UPN62. A and
A’, UPN62: B, a normal male; C, a normal female; 1-7,
different samples of each CFU-GM-derived colony.
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1 2 3 4 5 6 789
bp

Fig.4. Detection of bcr-abl chimeric messenger RNA by
means of reverse transcriptase-polymerase chain reaction
(RT-PCR). Various numbers of Ph'-positive cells obtained
pretransplant from UPN62 were mixed with 10° peripheral
blood mononuclear cells (PBMC) from a normal individual,
and total RNA was extracted from these cell mixtures.
BMMC from UPN53 and UPN62 were tested for the
presence of ber-abl chimeric mRNA using RT-PCR
followed by Southern blot analysis. Lanes 1 to 7, diluted
Ph'-positive cells at 10°/10% 10°/10% 10°/10° 10°/10°%, 10%/
10° 10/10°%, 10°/10° in normal cells; lane 8, UPN53; lane
9, UPN62 ; 603 and 281, size markers.

7z, B 512 UPN82 iwo\T, MCT118 #fr gz X h Fo—
MR DR A MEROBHRELBE LoD THS. ZDOHF
T, For—fladhcsA PR L XU EBE, w2 M
TOBHAFRETH 7. £FEHAD ¥~ L BHEATOBEMR
(kA MHRME) wouT YNZ22, MCT118 o 2 F¥E D VNTR #
fraHEiE L7 RE R, YNZ22 2146091141, MCT118 Ti213
FIFLLBIT FF— LA ORILEZET (7 V) O DNA £
RicBZ &b, Fr—flLErA MNIROBRINTTEY -

Fig.5. Sensitivity of PCR-based variable number of tandem
repeat (VNTR) analysis on UPN83. DNA from donor (D)
and pretransplant patient (host, H) were mixed in the
proportions of 25, 10, 4, 1, 0.1 H, and were subjected to
PCR amplification of MCT118. Amplified products were
analysed by using polyacrylamide gel electrophoresis. The
left lane, size markers that were consisted of the Hindl
fragments of lambda DNA and Haell fragments of X
174 DNA. One percent host DNA in a backgroud of
donor DNA could be detected.

Table 3. Chimeric status determined by PCR analysis of VNTR loci

UPN Chimeric status*

YNZ22 MCT118

Clinical status

56
59
64
66
68
72
75
76
7
78
81
82
83
83
84

QO aZZaoaZaaa
leReRoXoReReReReR=A-NollvNoNoNe)
coagaoazzzaoaggagaaQ
sNcReRe s RvAvNoNoNoNoRoRoRo Ko

Remission
Remission
Remission
Relapse
Remission
Remission
Relapse
Remission
Remission
Remission
Remission
Remission
Relapse
Remission after second BMT
Remission

*YNZ22, amplification of YNZ22

locus; MCT118, amplification of

MCT118 locus. C. C., complete chimera; M. C., mixed chimera; N. T,

not tested; N. D., not distinguishable.

*, first BMT.
b second BMT.
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fo. BHEBCBLWEEEEHEROBRRBREEICRL
7. 4GIR 5 FITH RO R IROBFEARE S hic.

UPN66 Tith A FROERARE IR, (bFREC L2
EREAE, BOFF—HEino7. UPNT2 Tris A b
DBRENRE I N CABRLEHEOMBER S A bRk o
#-. UPNT5 ThhA MBEOBEITEhizH, MEFHIC
WEA R LT, L L BMT #180 B BRI HIE £ s
CHS L. UPNTT Tik, BHEEKOA X H B#EMK & i
BRI TS ST L, LGF DMRAB & 75 - 7. SEREMOEED B
PEAETBMEMESETh- i, ERAELh. K6
UPNTT OF i+ LCF RERO BEBHEMMIaD YNZ22 T
DBRREEYR L. BMT #90B O BZEHTRbT s
Bk A MR RA Y FABREER, &3 FEROBRESTRE
Xhis. FITCIORHMEY, X RBHE LT Ny - ORI
EEEBREA vE—nA $V 20FEFCLBRLERELL
LB, L—v 60k IERIECE DA EERRIERT
RANH T o, BELTWAREY v HRIZED Fr—F
BOIER AR Bbhickd, 2 FA4 TV P2y r v RERE
PR L& 2 ANMBREAIE L KE L. BEEOBE
BRI BB BERRE LLEZ A, sA NCHEE
708y I 4 LT iz (b — v 7). UPN82 TREMEHETORE
Ih, BB GVHD s OEK S EAHR L.

MCTI118 SRR X 2 RB T, BiEH 1 1 BOBH TR

Fig.6. Analysis of YNZ22 amplified with PCR in DNA from
UPN77 and her family. Lane 1, father PBMC; lane 2,
mother PBMC ; lane 3, donor PBMC; lane 4, host PBMC;
lane 5, patient PBMC obtained on day 90 after BMT ; lane
6, cultured lymphocyte derived from the patient BMMC on
day 90 after BMT; lane 7, patient BMMC obtained on day
180 after BMT ; the left lane, refer to Fig.5. The host
specific allele in lane 5 and lane 6 indicates persistence of
host host cells.

31

Fig.7. Analysis of MCT118 amplified with PCR in DNA
from UPNS82 and his family. Lane 1, mother PBMC; lane
2, father PBMC; lane 3, host PBMC; lane 4, patient
BMMC obtained on day 11 after BMT; lane 5, patient
BMMC on day 72 after BMT ; lane 6, cultured lymphocyt-
es derived from the patient day 72 BMMC; the left lane,
refer to Fig. 5. Among posttransplant samples, host-spec-
ific allele was only detected in lane 4.

ﬁ

BT AR MEFEDOA Y FRRD bR, T2R OFHEES
Mg, 35X 0% UPNT6 &R0 THRE Lo BHllESMkng
DY vARERIEZBWT bhA MCEEL S Y MBI hoh,
72 (H@7). ZOFTRYZrAR) VOB LD, 84
GVHD n#ET 51> THMmERED b EE L7z, UPNSS ¢
X BMT 0o mMBEEMEEIFEFTCER TV, K8Dks

1 2 3 4 5 6
hp

Fig.8. Analysis of YNZ22 amplified with PCR in DNA from
UPN83 and his family. Lane 1, father PBMC; lane 2,
mother PBMC; lane 2, mother PBMC; lane 3, donor
PBMC ; lane 4, host PBMC; lane 5, BMMC day 14 after
BMT ; lane 6, BMMC day after 28 ; the left lane, refer to
Fig.5. The presence of the different alleles indicates
mixed hematopoietic chimerism.

Fig. 9. Analysis of YNA22 amplified with PCR in DNA from
UPNB83 peripheral blood leukocytes. Lane 1, day 45 after
BMT mononuclear cells (MC); lane 2, day 45 polymorph-
onuclear leukocytes (PMN); lane 3, day 63 MC; lane 4
day 63 PMN; lane 5, day 94 MC; lane 6, day 94 PMN;
the left lane, refer to Fig.5. The donor-specific allele seen
in lane 2 is undetectable either in MC or in PMN of day
94.

Fig.10. Origin of individual CFU-GM colonies after BMT.
Each CFU-GM derived colony was individually plucked
from day 14 methylcellulose cultures of BMMC from UPN
83, who was received second BMT. DNA extracted from
each colony was subjected to PCR amplification of
MCT118 loci. D and H represent donor-derived CFU-GM,
~and host-derived CFU-GM, respectively. 1, host-specific
allele ; 2, donor-specific allele; 3, a common allele between
the host and donor; the left lane, refer to Fig. 5.
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i, BMT #4A OFRIIZ E 725 2Tet A P RHTHD, 28HT
pr—EEOA Y FOHBESRLBRD OO, A Mo
BENEETH -7, BMT HASA LIS, RAYE M E & £ 5
WeRELREDA, FIr IR Y VIR H O SBRD
ErRDHhB, B3RCREA L, UBRIZHRL T 7.
BRI A PETH 7 (R 9). TERROOBERELL
KL, 24 X BB LY A 27RrT7 27 724 FTHAEBE,
9 EEOBMT ®HifF L1z, £ORRE, BMT $#22 8 O K E
gurzsk Fr—#iicofc. Livlichn, 2EE D BMT
gERCEL B EREREEEL, McD CFU-GM =
pe—OREXRELCEIA, RIODLS5KAAPHEF
+-#D CFU-GM HRBELTWV5 Z EpREhi.

- 2®

BMT #ic For— MDA B X R T2FBRE LT, ERE
ARHEESREES T EPACBRTERL. ZThHDOBRE
ERRE TR MERHAR SR TV Z &%, SEMRORK
S OREEYET A LR EOMEN DD, FRE
MEWTos, TEx DJREET BMT B BFE T2 80+ 2 +
BERET Az RS TH . —TF, VT ey MER
AR RN ES W ORITIIF 2 ) XA EEWHTE5 %
THELHETH AL, HYED DNA ¥ LELTo0, &
OBl ERTsE—ar=—0D X 5 A ROMBEROR
FrBEbeTs s L3 TERWD, BEIIDL 5 R EY
HIRL, RE - Sl F 2 ) X ADHBA L BFERA FROK
R THEICT B 7c%, YDNA & 2 FE$ED VNTR #Arg ~ —
A—ELT, "MTVELE—2 g VLV PCR KI5 »
.

%, BMT BB ORKEO(CEBHEHBRETHR P D&M
BRRREECERTA EE2 bR TV, Ly LRk, B
HERLHEZE LTV D BMT BE0F Fr—#ifa s &2 M
BomE M RIEIhBEAENS £ 7 OHEN L Zh, BED
HIALE L+ A b Bk o BSR4 L BIEM Tilion &
E2HRTETWAYD —F k> RkBESENF A FOD
WRE H5 1M BTERHEAE L~ L CEFB L R x b i, KB
RT, YDNA %At 6 B0 HEHMRORERORKE, 4
BITRA MEROBEMNRIN, Z0 55 3 61T MmATERH
ROBHERRERI., Zhbo BMT #DO&RA FEED
CFU-GM %4z, £4h020~38% & FR LU LT @K T
Bole., AF)Nwilm—AD Y 5 iYL C B8 BRI
BEE LSS, MO BEMMA WD ERNTHD L 57
MEMOMEFEMBZIC WEEL SRS, Z0ked, 4
RTRBALADBFR I VABI IR Tk s 2 KD
CFU-GM R FTHE & 75 - o fE R, & & b f3k®D CFU-GM 2%
BRO S A E 2 bh s . BEEEMA0BRKC
YDNA BOMERIcBMARBD bRz &b, S OHEEY
RELTW3,

BA N RO M TR O BRI AHIO S b CML
D260, BMT 70 B840k D Geta ik 447 T 100% PhBEMAT
MThote. Zoted PhBHEMEORE S EA S R,
BMT S B8t b % BEE D75\ » RT-PCR B I~ & &
5, ber-abl # 2 5 mRNA B BHERITI T, B TE
FTB42 | B3RO MATEARAZ Ph'RMOER 2 v - L
EXbhi. BMT #0 Ph'eto &= MR & 5 44850

FAFHREDOCTIIMBIC HBEERDB?. ZOBFLLT
vt, BMT BiDRTAIIIC L » T Ph! Bk 7 = — v BRI 3R
#W L, BMT BlicAd#F8 > T\ 7z Pl BMDIEE 2 v — v\E
BLLEOEERELDRD., HBHVE, Ph'Blrse—v DA
B RBT AR N B (graft-versus-leukemia, GVL) &R
DORER, Ph' M2 v — v ORNELIERMIRIER 7 » — v 3
BIELTWRETERELEZEL DR LW =Dk 57 Ph'E#
DEHZr - it X ABEAEDF * SHOKEE, GVL HE
DAH=RAERALNETEIXTEELELZDNS.

VNTR 20 DNA Bt EEACIHFICLEENZ 2 &b
LEGERINCIHERCER L 3h, mEFOTHECLEASh
T B g 0 MCTIIS & YNZ22 o 2 EE O
VNTR S0 #8E L CRF Lick 25, 4BIEHIT K —
AL A2 FEROBANTETH 7. ZD X 57 VNTR
HREOBRFBIFAMERO BMT Th/EATES 2 %2, BELH
<, BOYBOBECOWTHRFEOCERENTETH - 1.
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HENAHESITT, RA MY VABRIC L BIEHCTHERO TR
BB DI ROREALETHS. UPNTT Tk, BETS
BEHBEEMRTO AR PR Fr— ) vt BREA v E -
FULRRIGLTH L2 Enb, IR EDh. £
B+ L7 vF=ye v KEREYETLELZS, BED
PBRB A ZE L HE L, EMECIBRESA P IR
Xhisl s otc. —J5, UPN8S2 Tik LGF O itr R + Ml
BB Ihithot., FhvrzeaRf) vOERICLD
GVHD H##ET 50K Lichio THMRB A bHE LA &
e, TOHRED LGF BBETHIHRA P Y VR L5350
Tir7e <, 8% GVHD R LAd D EEZ BN,
UPN83 Tit4#) X b Fo—#llg L & o2 b Mg D BAFH
FDHHRAT WM, WEICHA MBS L), BRI
BRI A ML oo, b b SEBNTCRAEREN
Moteted, RE 7 v—vOFHENEEAA M2 v — v D[
EPREFNNRHETSH - 7208, BMT BiORIRMRERE» L &£
BTN ENBLRICHERLOER L ZH L. BMT DHijL
BALXTHEHBMT {17t ofcb o, Fr—HilnirEstss
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#Tik CML @ ber-abl EEFO X 5 7a@iM4is~ —H —3 0
e, BETSEREA ROWEIIRELEL, £OBOEKE
BTEREOEBEILE AbhiwI Ehb, FHEZ v~ VO
EENE. 20X REE SR A X5 ESELF 2 T
oW Tik, GVHD DRAERNXE LN &2 T Y vo2ERERE
BMT TRERIEDOIL L EnE, Fr—OfEHEH M
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MRV, S8 VNTR S ofififc it b, Tty
ERTWSLERDD EEDNS.
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] b
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EF 25D 1HIONTH, BRERTME 4D CFU-GM Djig
FEBHA LIck A, AR P DENIEMBOBENZD bh
fo. 2D 2HF 2T, YDNA i X bk A b i iR
MROBENRINFEFE AR, TR e - vICLHEE
#EimE 2 S E#EL BRI,

5. U ED L 57 DNA = — % —% A -MlRoREORE
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# £33

MER2oehict, HEY, HEMEZBY £ LcBMLE R
CRERDHBLBTET. IOIKH, EESHEY, IBEV VR
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Abstract

In order to document the engraftment of donor cells (chimerism) and examine whether or not residual host cells can be
detected after allogeneic bone marrow transplantation, the origin of blood cells from 18 marrow transplant recipients wag
determined. The method a Ychromosome-specific repetitive DNA (YDNA) probe, and analysis of variable number of tag.
dem repeat (VNTR) loci amplified with polymerase chain reaction (PCR). Cultured bone marrow mononclear cells
(BMMC) from 6 male patients who received marrow grafts from female donors, were examined for the presence of YDNA
using dot blotting analysis and Southem blotting analysis. YDNA was detectable in DNA from 4 out of the 6 patients, indj-
cating the presence of residual host cells (mixed hematopoietic chimerism). YDNA was also detectable in some (20-38%) of
CFU-GM-derived colonies individually isolated from cultures of the BMMC from the 3 documented mixed hematopoietic
chimeras. Although two of the three mixed chimeras had CML before BMT, ber-abl chimeric messenger RNA (specific for
Philadelphia chromosome-positive cells) was not detected in their posttransplant BMMC in aualysis using reverse transcrip-
tase-polymerase chain reaction. This suggested that the residual host cells documented in these two patients were
Philadelphia chromosome-negative normal clones. Analysis of VNTR loci using PCR allowed the author to distinguish
donor and host cells in all 14 different pairs studied. Residual host cells were detected in 5 of 14 patients. One of the §
patients was diagnosed as being in an early stage of graft rejection, and was successfully treated later with immunosuppres-
sive therapy. Three patients were proved to have a recurrence of their pretransplant diseases. One of them, who had
myelodysplastic syndrome, received a second marrow graft and achieved a sustained engraftment of donor cells. Another
patient remained in remission without any evidence of rejection or relapse after the detection of residual host cells in her
BMMC. These findings indicate that determination of the origin of blood cells using DNA markers is very useful not only in
diagnosing graft rejection or relapse at the early stage following BMT, but also in understanding cell-cell interactions involv-
ing donor-derived imune competent cells and host-derived hematopoietic progenitor cells.




